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The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
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1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Section

Proposed and Adopted Revisions to the USP–NF
Content
How Readers Can Respond
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Proposed
Interim
Revision
Announcements

In-Process
Revision

Proposals for Interim
Revision Announcements
(IRAs) that will be published
as official USP or NF
standards
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
Proposals for standards that
will be published as official in
a future USP–NF book or
Supplement.
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Review material and send comments within 90
days of the PF publication in which the
standard was proposed (or per the comment
deadline listed in the Briefing section). Direct
comments to the USP Scientific Liaison using
the contact information provided at the end of
each Proposed IRA

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-9986839 or stdsmonographs@usp.org.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item
appeared. Rationale for the revision. Other relevant information. (For example, if a
chromatographic method is being proposed, column specifications and retention times
for compounds of interest.) Finally, the Expert Committee acronym (the name of the
Scientific Liaison who handled the particular monograph or general chapter, and the
USP tracking correspondence number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
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new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

indicates that the proposed revision is slated for the Second Supplement to USP 34,

and
USP35

and

NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
7 Labeling. This general chapter provides definitions and standards for labeling of official
articles. Note that, as with compendial quality standards, labeling requirements also may be
enforceable under law. In the United States, to avoid being deemed misbranded, drugs
recognized in USP–NF must be packaged and labeled in compliance with compendial standards
[see the Food, Drug, and Cosmetic Act (FDCA) sections 501(b), 502(e)(3)(b), 502(g), and 21
Code of Federal Regulations 299.5]. FDCA also recognizes compendial (USP–NF) packing and
labeling standards for “deteriorative drugs” [502(h)].
The Expert Committee proposes relocating all labeling requirements from the Preservation,
Packaging, Storage, and Labeling section in the General Notices and general chapter Injections
1 to create this new chapter. The labeling standards for ferrules and cap overseals in this
chapter have not changed and will become official on December 1, 2013. Many monographs
have unique labeling requirements that should be used consistently.
(NSL: D. Bohannon.)
Correspondence Number—C106248

Comment deadline: March 31, 2012
Add the following:
7

LABELING

DEFINITION
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The term labeling designates all labels and other written, printed, or graphic matter on an
article's immediate container or on or in any package or wrapper in which it is enclosed, except
any outer shipping container. The term label designates that part of the labeling on the
immediate container.
A shipping container that contains a single article, unless the container also is essentially the
immediate container or the outside of the consumer package, must be labeled with a minimum
of product identification (except for controlled articles), lot number, expiration date, and
conditions for storage and distribution.
In addition to compendial requirements, articles in USP–NF also are subject to compliance with
more comprehensive labeling requirements promulgated by governmental bodies.
LABELS AND LABELING
The label states the following information:
name of the preparation
in the case of a liquid preparation, the percentage content of drug or amount of drug in
a specified volume
in the case of a dry preparation, the amount of active ingredient
the route of administration
a statement of storage conditions and an expiration date
the name and place of business of the manufacturer, packer, or distributor
an identifying lot number.
The lot number must be traceable to the complete manufacturing history of the specific
package, including all manufacturing, filling, sterilizing, and labeling operations.
If the individual monograph permits varying concentrations of active ingredients in a largevolume parenteral (LVP), the concentration of each ingredient named in the official title is
stated as if it were part of the official title, e.g., Dextrose Injection 5%, or Dextrose (5%) and
Sodium Chloride (0.2%) Injection.
If the complete formula is not specified in the individual monograph, the labeling includes the
following information: (1) In the case of a liquid preparation, the percentage content of each
ingredient or the amount of each ingredient in a specified volume, except that ingredients
added to adjust to a given pH or to make the solution isotonic may be declared by name and a
statement of their effect; and (2) in the case of a dry preparation or other preparation to
which a diluent must be added before use, the amount of each ingredient, the composition of
recommended diluent(s) [the name(s) alone if the formula is specified in the individual
monograph], the amount that will be used to attain a specific concentration of active
ingredient, the final volume of solution, a brief description of the physical appearance of the
constituted solution, directions for proper storage of the constituted solution, and an expiration
or beyond-use date (see Expiration Date and Beyond-use Date below).
Containers for injections that are intended for use as dialysis, hemofiltration, or irrigation
solutions and that contain a volume of more than 1 L should be labeled to indicate that the
contents are not intended for use by intravenous infusion.
Injections that are intended for veterinary use should be labeled to that effect.
The container shall be labeled so that a sufficient area of the container remains uncovered for
its full length or circumference to permit inspection of the contents.
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Amount of Ingredient per Dosage Unit
The strength of a drug product is expressed on the container label in terms of micrograms or
milligrams or grams or percentage of the therapeutically active moiety or drug substance,
whichever form is used in the title, unless otherwise indicated in an individual monograph. Both
the active moiety and drug substance names and their equivalent amounts then are provided in
the labeling.
Official articles in capsule, tablet, or other dosage forms shall be labeled to express the
quantity of each active ingredient or recognized nutrient contained in each unit. An exception
involves unit-dose oral solutions or suspensions (whether supplied as liquid preparations or as
liquid preparations that are constituted from solids upon addition of a designated volume of a
specific diluent). For these products the label shall express the quantity of each active
ingredient or recognized nutrient delivered under the conditions prescribed in Deliverable
Volume 698 . Official drug products not in unit dosage form shall be labeled to show the
quantity of each active ingredient in each milliliter or in each gram or to express the percentage
of each such ingredient (see General Notices 8.140, Percentage Concentrations). Exceptions
are oral liquids or solids intended to be constituted to yield oral liquids that, alternatively, can
be labeled in terms of each 5-mL portion of the liquid or resulting liquid. Unless otherwise
indicated in a monograph or chapter, declarations of strength or quantity shall be stated only in
metric units. See also General Notices 5.50.10, Units of Potency (Biological).
Expiration Date and Beyond-use Date
The label of an official drug product or nutritional or dietary supplement product shall bear an
expiration date. All products shall display the expiration date so that it can be read by an
ordinary individual under customary conditions of purchase and use. The expiration date shall
be prominently displayed in high contrast to the background, or it shall be sharply embossed
and easily understood (e.g., “EXP 6/12,” “Exp. June 12,” or “Expires 6/12”).
The monographs for some preparations state how the labeled expiration date shall be
determined. In the absence of a specific requirement in the individual monograph for a drug
product or nutritional supplement, the label shall bear an expiration date assigned for the
particular formulation and package of the product, with the following exceptions: the label need
not show an expiration date if the drug product or nutritional supplement is packaged in a
container that is intended for sale without prescription, if the labeling states no dosage
limitations, and if the product or supplement is stable for not less than 3 years when stored
under the prescribed conditions.
If an official product is required to bear an expiration date, the product shall be dispensed
solely in or from a container labeled with an expiration date, and the date on which the article
is dispensed shall be within the labeled expiry period. The expiration date identifies the time
during which the article can be expected to meet the requirements of the compendial
monograph, provided it is kept under the prescribed storage conditions. The expiration date
limits the time during which the article may be dispensed or used. If an expiration date is stated
only in terms of the month and the year, then the intended expiration date is the last day of
the stated month. The beyond-use date is the date after which a product shall not be used.
The dispenser shall place on the label of the prescription container a suitable beyond-use date
to limit the patient's use of the article based on any information supplied by the manufacturer.
The beyond-use date shall not be later than the expiration date on the manufacturer's

PF 38(1): Jan.-Feb. 2012

13

container.
For articles that require constitution before use, a suitable beyond-use date for the constituted
product shall be identified in the labeling.
For all other dosage forms, in determining a beyond-use date the dispenser shall take into
account, in addition to any other relevant factors:
the nature of the drug
the container in which it was packaged by the manufacturer and the expiration date
thereon
the characteristics of the patient's container, if the article is repackaged for dispensing
the expected storage conditions to which the article may be exposed
any unusual storage conditions to which the article may be exposed
the expected length of the course of therapy.
After considering these factors, the dispenser shall label a container with a suitable beyond-use
date to limit the patient's use of the article. Unless otherwise specified in the individual
monograph or in the absence of stability data to the contrary, the beyond-use date shall be
not later than (a) the expiration date on the manufacturer's container, or (b) 1 year from the
date the drug is dispensed, whichever is earlier. For nonsterile solid and liquid dosage forms
that are packaged in single-unit and unit-dose containers, the beyond-use date shall be 1 year
from the date the drug is packaged into the single-unit or unit-dose container or the expiration
date on the manufacturer's container, whichever is earlier, unless stability data or the
manufacturer's labeling indicates otherwise.
The dispenser shall maintain packaging and storage facilities at a mean kinetic temperature not
greater than 25 . The plastic material used in packaging the dosage forms shall afford better
protection than polyvinyl chloride, which does not adequately protect against moisture
permeation. Dispensers shall keep records of the temperature of the facility where the dosage
forms are stored and of the plastic materials used in packaging.
STRENGTH AND TOTAL VOLUME FOR SINGLE- AND MULTIPLE-DOSE INJECTABLE DRUG
PRODUCTS
For single- and multiple-dose injectable drug products, the strength per total volume should be
the primary and prominent expression on the principal display panel of the label, followed in
close proximity by strength per mL enclosed by parentheses. For containers that hold a volume
of less than 1 mL, the strength per fraction of a mL should be the only expression of strength.
Strength per single mL should be expressed as mg/mL, not mg/1 mL.
The following formats are acceptable for contents of greater than 1 mL:
total strength/total volume: 500 mg/10 mL
strength/mL: 50 mg/mL
or
total strength/total volume: 25,000 Units/5 mL
strength/mL: 5000 Units/mL.
The following format is acceptable for contents of less than 1 mL: 12.5 mg/0.625 mL.
There are some exceptions to expressing strength per total volume. In certain cases, the
primary and prominent expression of the total drug content per container would not be
effective in preventing medication errors (e.g., insulin). Another example is the use of lidocaine
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or similar drugs for local anesthesia where the product is ordered and administered by
percentage (e.g., 1% or 2%). In such cases, the total strength should be expressed: for
example, 1% (100 mg/10 mL). Dry solids that must be reconstituted should follow the same
format with the exception that only the total strength of the drug should be listed, not the
strength/total volume or strength/mL.
Use of Leading and Terminal Zeros
To help minimize the possibility of errors in drug dispensing and administration, when the
quantity of active ingredient is expressed in whole numbers it shall be shown without a decimal
point followed by a terminal zero (e.g., express as 4 mg, not 4.0 mg). When the quantity of
active ingredient is expressed as a decimal number smaller than 1, it shall be shown with a zero
preceding the decimal point (e.g., express as 0.2 mg, not .2 mg).
Labeling for Product Categories
Alcohol
The alcohol content in a liquid preparation shall be stated on the label as a percentage (v/v) of
C2 H5 OH.
Botanical Products
The label of a herb or other botanical intended for use as a dietary supplement shall bear the
statement, “If you are pregnant or nursing a baby, seek the advice of a health professional
before using this product”.
Compounded Preparations
The label on the container or package of an official compounded preparation shall bear a
beyond-use date after which the compounded preparation should not be used. Because
compounded preparations are intended for administration immediately or following short-term
storage, their beyond-use dates may be assigned, in lieu of an expiration date, based on
criteria that are different from those applied to manufactured drug products.
The monograph for an official compounded preparation typically includes a specified beyond-use
date. The beyond-use date states the time following the date of compounding during which the
preparation, when properly stored, can be used. In the absence of stability information,
beyond-use dating should be assigned as recommended in Chapter Pharmaceutical
Compounding—Nonsterile Preparations

795 . (See Stability Criteria and Beyond-use Dating in

general chapter Pharmaceutical Compounding—Nonsterile Preparations
Compounded Preparations).

795 , Stability of

Electrolytes
The concentration and dosage of electrolytes for replacement therapy (e.g., sodium chloride or
potassium chloride) shall be stated on the label in milliequivalents (mEq). The label of the
product shall indicate also the quantity of ingredient(s) in terms of weight or percentage
concentration.
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Ferrules and Cap Overseals
Healthcare practitioners using injectable products must be able to easily see and act on
labeling statements that convey important safety messages critical for the prevention of
imminent life-threatening situations. These cautionary labeling statements must be simple,
concise, and devoid of nonessential information. Products that do not require cautionary
statements should be free of information, so that those with cautionary statements are
immediately apparent. Accomplishing this requires a systematic approach to labeling of
injectable products, and one that assures that the ferrule and cap overseal—an area of these
products that is highly visible to practitioners as they use these medicines—is reserved for
critical safety messages. Accordingly:
1. Only cautionary statements may appear on the top (circle) surface of the ferrule and/or
cap overseal of a vial containing an injectable product. The cautionary statement
should appear on both the ferrule and cap but may appear solely on the ferrule if the
cap overseal is transparent and the cautionary statement beneath the cap is readily
legible. A cautionary statement is one intended to prevent an imminent life-threatening
situation and may include instructional statements that provide potency or other
safety-related instructions if warranted. Examples of such statements include but are
not limited to: “Warning—Paralyzing Agent” and “Dilute before Using.” The cautionary
statement should be printed in a contrasting color and clearly visible under ordinary
conditions of use.
2. If no cautionary statement is necessary, the top surface of the vial, including the
ferrule and cap overseal, must remain blank.
3. Other statements or features including but not limited to identifying numbers or letters,
such as code numbers, lot numbers, company names, logos, or product names, etc.,
may appear on the side (skirt) surface of the ferrule on vials containing injectable
products but not on the top (circle) surface of the ferrule or cap overseal. The
appearance of such statements or features on the skirt surface of the ferrule should
not detract from, or interfere with, the cautionary statement on the top surface.
Official December 1, 2013
Neuromuscular Blocking and Paralyzing Agents
All injectable preparations of neuromuscular blocking agents and paralyzing agents must be
packaged in vials with a cautionary statement printed on the ferrules or cap overseals. Both
the container cap ferrule and the cap overseal must bear in black or white print (whichever
provides the greatest color contrast with the ferrule or cap color) the words: “Warning:
Paralyzing Agent” or “Paralyzing Agent” (depending on the size of the closure system).
Alternatively, the overseal may be transparent and without words, allowing for visualization of
the warning labeling on the closure ferrule.
Parenteral and Topical Preparations
The label of a preparation intended for parenteral or topical use shall state the names of all
added substances (see General Notices 5.20., Added Substances, Excipients, and Ingredients)
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and, in the case of parenteral preparations, also their amounts or proportions, except that for
substances added for adjustment of pH or to achieve isotonicity, the label may indicate only
their presence and the reason for their addition.
Aluminum in Large-volume Parenterals, Small-volume Parenterals, and Pharmacy Bulk
Packages Used in Total Parenteral Nutrition Therapy
1. The aluminum content of large-volume parenterals (LVPs) used in total parenteral
nutrition (TPN) therapy must not exceed 25 µg/L.
2. The package insert of LVPs used in TPN therapy must state that the drug product
contains no more than 25 µg of aluminum per L. This information must be contained in
the Precautions section of the labeling of all LVPs used in TPN therapy.
3. If the maximum amount of aluminum in small-volume parenterals (SVPs) and pharmacy
bulk packages (PBPs) is 25 µg/L or less, instead of stating the exact amount of
aluminum that each contains, as in paragraph (4), the immediate container label for
SVPs and PBPs used in the preparation of TPN parenterals (with exceptions as noted
below) may state: “Contains no more than 25 µg/L of aluminum.” If the SVP or PBP is a
lyophilized powder, the immediate container label may state the following: “When
reconstituted in accordance with the package insert instructions, the concentration of
aluminum will be no more than 25 µg/L.”
4. The maximum level of aluminum at expiry must be stated on the immediate container
label of all SVPs and PBPs used in the preparation of TPN parenteral and injectable
emulsions. The aluminum content must be stated as follows: “Contains no more than
___ µg/L of aluminum.” The immediate container label of all SVPs and PBPs that are
lyophilized powder used in the preparation of TPN solutions must contain the following
statement: “When reconstituted in accordance with the package insert instructions,
the concentration of aluminum will be no more than ___ µg/L.” This maximum amount of
aluminum must be stated as the highest one of the following three levels:
The highest level for the batches produced during the past three years
The highest level for the latest five batches
The maximum level in terms of historical levels, but only until completion of
production of the first five batches after 26 July 2004.
The package insert for all LVPs, SVPs, and PBPs used in the preparation of TPN products shall
contain the following statement in the Warning section of the label:
WARNING: This product contains aluminum that may be toxic. Aluminum may reach toxic levels
with prolonged parenteral administration if kidney function is impaired. Premature neonates are
particularly at risk because their kidneys are immature, and they require large amounts of
calcium and phosphate solutions that contain aluminum. Research indicates that patients with
impaired kidney function, including premature neonates, who receive parenteral levels of
aluminum at greater than 4 to 5 µg/kg/day accumulate aluminum at levels associated with
central nervous system and bone toxicity. Tissue loading may occur at even lower rates of
administration of TPN products.
Potassium Chloride for Injection Concentrate
The use of a black closure system on a vial (e.g., a black flip-off button and a black ferrule to
hold the elastomeric closure) or the use of a black band or series of bands above the
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constriction on an ampoule is prohibited, except for Potassium Chloride for Injection
Concentrate.
Salts of Drugs
It is an established principle that official articles shall have only one official title (see separate
compendial nomenclature requirements). For purposes of saving space on labels and because
chemical symbols for the most common inorganic salts of drugs are well known to practitioners,
the following alternatives are permitted in labeling official articles that are salts: HCl for
hydrochloride; HBr for hydrobromide; Na for sodium; and K for potassium. The symbols Na and K
are intended for use in abbreviating names of the salts of organic acids, but these symbols are
not used when the word Sodium or Potassium appears at the beginning of an official title (e.g.,
Phenobarbital Na is acceptable, but Na Salicylate is not).
Special Capsules and Tablets
The label of any form of Capsule or Tablet intended for administration other than by swallowing
intact shall bear a prominent indication of the manner in which it should be used.
Products that Contain Vitamins
The vitamin content of an official drug product shall be stated on the label in metric units per
dosage unit. The amounts of vitamins A, D, and E also may be stated in USP Units. Quantities
of vitamin A declared in metric units refer to the equivalent amounts of retinol (vitamin A
alcohol). The label of a nutritional supplement shall bear an identifying lot number, control
number, or batch number. USP36
BRIEFING
921 Water Determination, USP 34 page 407 and page 4674 of the First Supplement. On
the basis of comments received, it is proposed to add clarifications regarding determination of
trace amounts of water, handling of hygroscopic samples, considerations for water desorbed or
released from the sample, and blank corrections in Methods Ia and Ic.
(GCCA: A. Hernandez-Cardoso.)
Correspondence Number—C97991

Comment deadline: March 31, 2012
921

WATER DETERMINATION

Many Pharmacopeial articles either are hydrates or contain water in adsorbed form. As a result,
the determination of the water content is important in demonstrating compliance with the
Pharmacopeial standards. Generally one of the methods given below is called for in the
individual monograph, depending upon the nature of the article. In rare cases, a choice is
allowed between two methods. When the article contains water of hydration, Method I
(Titrimetric), Method II (Azeotropic), or Method III (Gravimetric) is employed, as directed in
the individual monograph, and the requirement is given under the heading Water.
The heading Loss on drying (see Loss on Drying

731 ) is used in those cases where the loss
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sustained on heating may be not entirely water.
Change to read:
METHOD I (TITRIMETRIC)
Determine the water by Method Ia, unless otherwise specified in the individual monograph.
Method Ia (Direct Titration)
Principle—The titrimetric determination of water is based upon the quantitative reaction of
water with an anhydrous solution of sulfur dioxide and iodine in the presence of a buffer that
reacts with hydrogen ions.
In the original titrimetric solution, known as Karl Fischer Reagent, the sulfur dioxide and iodine
are dissolved in pyridine and methanol. The test specimen may be titrated with the Reagent
directly, or the analysis may be carried out by a residual titration procedure. The stoichiometry
of the reaction is not exact, and the reproducibility of a determination depends upon such
factors as the relative concentrations of the Reagent ingredients, the nature of the inert
solvent used to dissolve the test specimen, and the technique used in the particular
determination. Therefore, an empirically standardized technique is used in order to achieve the
desired accuracy. Precision in the method is governed largely by the extent to which
atmospheric moisture is excluded from the system. The titration of water is usually carried out
with the use of anhydrous methanol as the solvent for the test specimen; however, other
suitable solvents may be used for special or unusual test specimens.
Apparatus—Any apparatus may be used that provides for adequate exclusion of atmospheric
moisture and determination of the endpoint. In the case of a colorless solution that is titrated
directly, the endpoint may be observed visually as a change in color from canary yellow to
amber. The reverse is observed in the case of a test specimen that is titrated residually. More
commonly, however, the endpoint is determined electrometrically with an apparatus employing
a simple electrical circuit that serves to impress about 200 mV of applied potential between a
pair of platinum electrodes immersed in the solution to be titrated. At the endpoint of the
titration a slight excess of the reagent increases the flow of current to between 50 and 150
microamperes for 30 s to 30 min, depending upon the solution being titrated. The time is
shortest for substances that dissolve in the reagent. With some automatic titrators, the abrupt
change in current or potential at the endpoint serves to close a solenoid-operated valve that
controls the buret delivering the titrant. Commercially available apparatus generally comprises a
closed system consisting of one or two automatic burets and a tightly covered titration vessel
fitted with the necessary electrodes and a magnetic stirrer. The air in the system is kept dry
with a suitable desiccant, and the titration vessel may be purged by means of a stream of dry
nitrogen or current of dry air.
Reagent—Prepare the Karl Fischer Reagent as follows. Add 125 g of iodine to a solution
containing 670 mL of methanol and 170 mL of pyridine, and cool. Place 100 mL of pyridine in a
250-mL graduated cylinder and, keeping the pyridine cold in an ice bath, pass in dry sulfur
dioxide until the volume reaches 200 mL. Slowly add this solution, with shaking, to the cooled
iodine mixture. Shake to dissolve the iodine, transfer the solution to the apparatus, and allow
the solution to stand overnight before standardizing. One mL of this solution when freshly
prepared is equivalent to approximately 5 mg of water, but it deteriorates gradually; therefore,
standardize it within 1 h before use, or daily if in continuous use. Protect from light while in
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use. Store any bulk stock of the reagent in a suitably sealed, glass-stoppered container, fully
protected from light, and under refrigeration.
For determination of trace amounts of water (less than 1%), it is preferable to use a Reagent
with a water equivalency factor of not more than 2.0, which will lead to the consumption of a
more significant volume of titrant. USP36

A commercially available, stabilized solution of Karl Fischer type reagent may be used.
Commercially available reagents containing solvents or bases other than pyridine or alcohols
other than methanol may be used also. These may be single solutions or reagents formed in situ
by combining the components of the reagents present in two discrete solutions. The diluted
Reagent called for in some monographs should be diluted as directed by the manufacturer.
Either methanol or other suitable solvent, such as ethylene glycol monomethyl ether, may be
used as the diluent.
Test Preparation—Unless otherwise specified in the individual monograph, use an accurately
weighed or measured amount of the specimen under test estimated to contain 2–250 mg of
water. The amount of water depends on the water equivalency factor of the Reagent and on
the method of endpoint determination. In most cases, the minimum amount of specimen, in mg,
can be estimated using the formula:
FCV/KF
in which F is the water equivalency factor of the Reagent, in mg per mL; C is the used volume,
in percent, of the capacity of the buret; V is the buret volume, in mL; and KF is the limit or
reasonable expected water content in the sample, in percent. C is generally between 30% and
100% for manual titration, and between 10% and 100% for the instrumental method endpoint
determination. [Note—It is recommended that the product of FCV be greater than or equal to
200 for the calculation to ensure that the minimum amount of water titrated is greater than or
equal to 2 mg. ]
Where the specimen under test is an aerosol with propellant, store it in a freezer for not less
than 2 h, open the container, and test 10.0 mL of the well-mixed specimen. In titrating the
specimen, determine the endpoint at a temperature of 10 or higher.
Where the specimen under test is capsules, use a portion of the mixed contents of not fewer
than four capsules.
Where the specimen under test is tablets, use powder from not fewer than four tablets ground
to a fine powder in an atmosphere of temperature and relative humidity known not to influence
the results.
Where the monograph specifies that the specimen under test is hygroscopic,
take an accurately weighed portion of the solid into the titration vessel, proceeding as soon
as possible and taking care to avoid moisture uptake from the atmosphere. If the sample is
constituted by a finite amount of solid as a lyophilized product or a powder inside a vial, USP36
use a dry syringe to inject an appropriate volume of methanol, or other suitable solvent,
accurately measured, into a tared container, and shake to dissolve the specimen. Using the
same syringe, remove the solution from the container and transfer it to a titration vessel
prepared as directed for Procedure. Repeat the procedure with a second portion of methanol,
or other suitable solvent, accurately measured, add this washing to the titration vessel, and
immediately titrate. Determine the water content, in mg, of a portion of solvent of the same
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total volume as that used to dissolve the specimen and to wash the container and syringe, as
directed for Standardization of Water Solution for Residual Titrations, and subtract this value
from the water content, in mg, obtained in the titration of the specimen under test. Dry the
container and its closure at 100 for 3 h, allow to cool in a desiccator, and weigh. Determine
the weight of specimen tested from the difference in weight from the initial weight of the
container.
When appropriate, the water may be desorbed or released from the sample by heat in an
external oven connected with the vessel, to where it is transferred with the aid of an inert and
dried gas such as pure nitrogen. Any drift due to the transport gas should be considered and
corrected. Care should be taken in the selection of the heating conditions to avoid the
formation of water coming from dehydration due to decomposition of the sample constituents,
which may invalidate this approach. USP36
Standardization of the Reagent—Place enough methanol or other suitable solvent in the
titration vessel to cover the electrodes, and add sufficient Reagent to give the characteristic
endpoint color, or 100 ± 50 microamperes of direct current at about 200 mV of applied
potential.
For determination of trace amounts of water (less than 1%), it is preferable to use a Reagent
with a water equivalency factor of not more than 2.0.
USP36

Purified Water, sodium tartrate dihydrate, a USP Reference Standard, or commercial standards
with a certificate of analysis traceable to a national standard may be used to standardize the
Reagent. The reagent equivalency factor, the recommended titration volume, buret size, and
amount of standard to measure are factors to consider when deciding which standard and how
much to use.1 For Purified Water or water standards, quickly add the equivalent of between 2
and 250 mg of water. Calculate the water equivalency factor, F, in mg of water per mL of
reagent:
W/V
in which W is the weight, in mg, of the water contained in the aliquot of standard used; and V
is the volume, in mL, of the Reagent used in the titration. For sodium tartrate dihydrate, quickly
add 20–125 mg of sodium tartrate dihydrate (C4 H4 Na2 O6 ·2H2 O), accurately weighed by
difference, and titrate to the endpoint. The water equivalence factor F, in mg of water per mL
of reagent, is given by the formula:
W/V (36.04/230.08)

1S (USP34)

in which
36.04 is two times the molecular weight of water and 230.08 is the molecular weight of
sodium tartrate dihydrate; 1S (USP34)
W is the weight, in mg, of sodium tartrate dihydrate; and V is the volume, in mL, of the
Reagent consumed in the second titration. Note that the solubility of sodium tartrate dihydrate
in methanol is such that fresh methanol may be needed for additional titrations of the sodium
tartrate dihydrate standard.
Procedure—Unless otherwise specified, transfer enough methanol or other suitable solvent to
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the titration vessel, ensuring that the volume is sufficient to cover the electrodes
(approximately 30–40 mL), and titrate with the Reagent to the electrometric or visual endpoint
to consume any moisture that may be present. (Disregard the volume consumed, because it
does not enter into the calculations.) Quickly add the Test Preparation, mix, and again titrate
with the Reagent to the electrometric or visual endpoint. Calculate the water content of the
specimen taken, in mg:
SF
in which S is the volume, in mL, of the Reagent consumed in the second titration; and F is the
water equivalence factor of the Reagent.
Method Ib (Residual Titration)
Principle—See the information given in the section Principle under Method Ia. In the residual
titration, excess Reagent is added to the test specimen, sufficient time is allowed for the
reaction to reach completion, and the unconsumed Reagent is titrated with a standard solution
of water in a solvent such as methanol. The residual titration procedure is applicable generally
and avoids the difficulties that may be encountered in the direct titration of substances from
which the bound water is released slowly.
Apparatus, Reagent, and Test Preparation—Use Method Ia.
Standardization of Water Solution for Residual Titration—Prepare a Water Solution by
diluting 2 mL of water with methanol or other suitable solvent to 1000 mL. Standardize this
solution by titrating 25.0 mL with the Reagent, previously standardized as directed under
Standardization of the Reagent. Calculate the water content, in mg per mL, of the Water
Solution taken:
V¢F/25
in which V¢ is the volume of the Reagent consumed, and F is the water equivalence factor of
the Reagent. Determine the water content of the Water Solution weekly, and standardize the
Reagent against it periodically as needed.
Procedure—Where the individual monograph specifies that the water content is to be
determined by Method Ib, transfer enough methanol or other suitable solvent to the titration
vessel, ensuring that the volume is sufficient to cover the electrodes (approximately 30–40
mL), and titrate with the Reagent to the electrometric or visual endpoint. Quickly add the Test
Preparation, mix, and add an accurately measured excess of the Reagent. Allow sufficient time
for the reaction to reach completion, and titrate the unconsumed Reagent with standardized
Water Solution to the electrometric or visual endpoint. Calculate the water content of the
specimen, in mg, taken:
F(X¢

XR)

in which F is the water equivalence factor of the Reagent; X¢ is the volume, in mL, of the
Reagent added after introduction of the specimen; X is the volume, in mL, of standardized
Water Solution required to neutralize the unconsumed Reagent; and R is the ratio, V¢/25 (mL
Reagent/mL Water Solution), determined from the Standardization of Water Solution for
Residual Titration.
Method Ic (Coulometric Titration)
Principle—The Karl Fischer reaction is used in the coulometric determination of water. Iodine,
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however, is not added in the form of a volumetric solution but is produced in an iodidecontaining solution by anodic oxidation. The reaction cell usually consists of a large anode
compartment and a small cathode compartment that are separated by a diaphragm. Other
suitable types of reaction cells (e.g., without diaphragms) may also be used. Each
compartment has a platinum electrode that conducts current through the cell. Iodine, which is
produced at the anode electrode, immediately reacts with water present in the compartment.
When all the water has been consumed, an excess of iodine occurs, which usually is detected
electrometrically, thus indicating the endpoint. Moisture is eliminated from the system by preelectrolysis. Changing the Karl Fischer solution after each determination is not necessary
because individual determinations can be carried out in succession in the same reagent
solution. A requirement for this method is that each component of the test specimen is
compatible with the other components, and no side reactions take place. Samples are usually
transferred into the vessel as solutions by means of injection through a septum. Gases can be
introduced into the cell by means of a suitable gas inlet tube. Precision in the method is
predominantly governed by the extent to which atmospheric moisture is excluded from the
system; thus, the introduction of solids into the cell may require precautions, such as working
in a glove-box in an atmosphere of dry inert gas. Control of the system may be monitored by
measuring the amount of baseline drift,
which does not preclude the need of any blank correction when used as a vehicle for sample
introduction. USP36
This method is particularly suited to chemically inert substances like hydrocarbons, alcohols,
and ethers. In comparison with the volumetric Karl Fischer titration, coulometry is a micromethod.
When appropriate, the water may be desorbed or released from the sample by heat in an
external oven connected with the vessel, to where it is transferred with the aid of an inert and
dried gas such as pure nitrogen. Any drift due to the transport gas should be considered and
corrected. Care should be taken in the selection of the heating conditions to avoid the
formation of water coming from dehydration due to decomposition of the sample constituents,
which may invalidate this approach. USP36
Apparatus—Any commercially available apparatus consisting of an absolutely tight system
fitted with the necessary electrodes and a magnetic stirrer is appropriate. The instrument's
microprocessor controls the analytical procedure and displays the results. Calibration of the
instrument is not necessary, as the current consumed can be measured absolutely.
Reagent—See the manufacturer's recommendations.
Test Preparation—Where the specimen is a soluble solid, an appropriate quantity, accurately
weighed, may be dissolved in anhydrous methanol or other suitable solvents.
Where the specimen is an insoluble solid, an appropriate quantity, accurately weighed, may be
extracted using a suitable anhydrous solvent, and may be injected into the anolyte solution.
Alternatively, an evaporation technique may be used in which water is released and evaporated
by heating the specimen in a tube in a stream of dry inert gas. The gas is then passed into the
cell.
Where the specimen is to be used directly without dissolving in a suitable anhydrous solvent,
an appropriate quantity, accurately weighed, may be introduced into the chamber directly.
Where the specimen is a liquid, and is miscible with anhydrous methanol or other suitable
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solvents, an appropriate quantity, accurately weighed, may be added to anhydrous methanol or
other suitable solvents.
Procedure—Using a dry device, inject or add directly an accurately measured amount of the
sample or sample preparation estimated to contain between 0.5 and 5 mg of water, or an
amount recommended by the instrument manufacturer into the anolyte, mix, and perform the
coulometric titration to the electrometric endpoint. Read the water content of the liquid Test
Preparation directly from the instrument's display, and calculate the percentage that is present
in the substance. Perform a blank determination, as needed, and make any necessary
corrections.
METHOD II (AZEOTROPIC—TOLUENE DISTILLATION)
Apparatus—Use a 500-mL glass flask A connected by means of a trap B to a reflux condenser
C by ground glass joints (see Figure 1).

Figure 1. Toluene moisture apparatus.
The critical dimensions of the parts of the apparatus are as follows. The connecting tube D is
9–11 mm in internal diameter. The trap is 235–240 mm in length. The condenser, if of the
straight-tube type, is approximately 400 mm in length and not less than 8 mm in bore diameter.
The receiving tube E has a 5-mL capacity, and its cylindrical portion, 146–156 mm in length, is
graduated in 0.1-mL subdivisions, so that the error of reading is not greater than 0.05 mL for
any indicated volume. The source of heat is preferably an electric heater with rheostat control
or an oil bath. The upper portion of the flask and the connecting tube may be insulated.
Clean the receiving tube and the condenser with chromic acid cleansing mixture, thoroughly
rinse with water, and dry in an oven. Prepare the toluene to be used by first shaking with a
small quantity of water, separating the excess water, and distilling the toluene.
Procedure—Place in the dry flask a quantity of the substance, weighed accurately to the
nearest centigram, which is expected to yield 2–4 mL of water. If the substance is of a pasty
character, weigh it in a boat of metal foil of a size that will just pass through the neck of the
flask. If the substance is likely to cause bumping, add enough dry, washed sand to cover the
bottom of the flask, or a number of capillary melting-point tubes, about 100 mm in length,
sealed at the upper end. Place about 200 mL of toluene in the flask, connect the apparatus,
and fill the receiving tube E with toluene poured through the top of the condenser. Heat the
flask gently for 15 min and, when the toluene begins to boil, distill at the rate of about two
drops per s until most of the water has passed over, then increase the rate of distillation to
about four drops per s. When the water has apparently all distilled over, rinse the inside of the
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condenser tube with toluene while brushing down the tube with a tube brush attached to a
copper wire and saturated with toluene. Continue the distillation for five min, then remove the
heat, and allow the receiving tube to cool to room temperature. If any droplets of water adhere
to the walls of the receiving tube, scrub them down with a brush consisting of a rubber band
wrapped around a copper wire and wetted with toluene. When the water and toluene have
separated completely, read the volume of water, and calculate the percentage that was
present in the substance.
METHOD III (GRAVIMETRIC)
Procedure for Chemicals—Proceed as directed in the individual monograph preparing the
chemical as directed under Loss on Drying

731 .

Procedure for Biologics—Proceed as directed in the individual monograph.
Procedure for Articles of Botanical Origin—Place about 10 g of the drug, prepared as
directed (see Methods of Analysis under Articles of Botanical Origin

561 ) and accurately

weighed, in a tared evaporating dish. Dry at 105 for 5 h, and weigh. Continue the drying and
weighing at 1-h intervals until the difference between two successive weighings corresponds to
not more than 0.25%.
1 C onsider a setup in which the reagent equivalency factor is 5 mg/mL, and the buret volume is 5 mL and an
instrumental endpoint. Standard amounts equivalent to between 2.5 mg and 22.5 mg of water (10%– 90% of
buret capacity) could be used based on the buret and the reagent equivalency factor. The upper end of this
range would involve an excessive amount of sodium tartrate dihydrate. If Purified Water or a standard is
weighed, an analytical balance appropriate to the amount weighed is required.

BRIEFING
1094 Liquid-Filled Capsules—Dissolution Testing and Related Quality Attributes.
This new general information chapter was developed by the USP Liquid-Filled Capsules Expert
Panel with the collaboration of the USP Expert Committee on Dietary Supplements, under the
direction of the USP Expert Committee on General Chapters—Dosage Forms. It was preceeded
by the Stimuli article Liquid-Filled Gelatin Capsules, published in PF 35(4) [July–Aug. 2009]. This
chapter discusses the main issues related to the development and validation of dissolution
testing procedures and quality attributes for capsules containing solutions or dispersions (liquid
or semi-solid). It does not include capsules containing powders, granules, or pellets. Comments
and suggestions should be sent to Margareth Marques (MRM@usp.org) not later than March 31,
2012.
(GCDF: M. Marques.)
Correspondence Number—C104500

Comment deadline: March 31, 2012
Add the following:
1094

LIQUID-FILLED CAPSULES—DISSOLUTION TESTING AND RELATED QUALITY
ATTRIBUTES
1. INTRODUCTION
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This general information chapter provides approaches for the development of dissolution test
procedures for liquid-filled capsules, which are not provided by Dissolution
Release

724 , The Dissolution Procedure: Development and Validation

711 , Drug
1092 , and

Disintegration and Dissolution of Dietary Supplements 2040 . The chapter also discusses
quality attributes associated with liquid-filled capsules that may affect the outcome of the
dissolution testing. The chapter addresses only capsules that contain solutions or dispersions
(liquid or semisolid). This chapter does not address capsules with fillings that are powders,
granules, or pellets.
1.1 Types of Capsules
Liquid-filled capsules can be classified as two main types based on the physical characteristics
of the shell: soft capsules and hard capsules. For the purpose of this chapter, soft-shell
capsules and hard-shell capsules are referred to as softgels and hardgels, respectively.
Softgels have a thicker shell and typically exhibit a higher degree of elasticity because of the
added plasticizer. By comparison, hard-shell capsules have a thinner and more rigid shell than
do soft-shell capsules. Both softgels and hardgels are composed of a polymer, e.g., gelatin,
starch, or a cellulose derivative such as hydroxypropylmethyl cellulose or other polymers, a
plasticizer, and water. For hardgels, water acts as the plasticizer, whereas softgels use highboiling-point polyols such as glycerol or sorbitol. Although many parameters affect the physical
and chemical performance of the shell, the ratio of polymer to plasticizer determines the
rigidity, brittleness, and dissolution performance of the shell.
Liquid-filled capsules also can be characterized by the chemical properties of the fill material
(hydrophobic-based versus hydrophilic-based fill materials) or by the physical properties of the
fill material (solution versus dispersion). Hydrophobic solutions include neat oils, combinations of
miscible oils, or active ingredients dissolved in oil vehicles. Hydrophobic dispersions include
active ingredients dispersed in oil or in oil-wax mixtures. The latter often are termed semisolids.
Hydrophilic solutions can be neat liquids, combinations of water-soluble liquids, or active
ingredients dissolved in water-soluble vehicles. Hydrophilic dispersions include active ingredients
dispersed in hydrophilic vehicles such as polyethylene glycol.
1.2 Manufacturing and Packaging Issues That Can Affect Dissolution Testing
A number of general issues affect the development of a dissolution procedure for liquid-filled
capsules. Gelatin is a hygroscopic material, and its moisture content affects the properties of
hardgels. Because certain excipients are known hydrophilic agents, it is particularly important to
monitor the mechanical properties of liquid-filled gelatin capsules stored under various
conditions of temperature and relative humidity. The following factors can affect the capsule
properties: moisture exchange between the fill material and the shell, which potentially can
create brittleness in the gelatin shell; and chemical interactions between the fill material and
gelatin, which can result in gelatin cross-linking.
The potential for aldehydic impurities and formation of degradants and degradation of the
active ingredients in the formulation should be investigated during product development and
stability studies (aldehydes contribute to cross-linking; see section 2 Cross-Linking in Gelatin
Capsules). Understanding the possible routes of aldehyde formation helps to predict the capsule
behavior. The rate of cooling and drying also can influence the structure of certain excipients,
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which in turn may modify the characterisics of the active ingredient release from the matrix.
The possibility of migration of the active ingredient to the capsule shell, particularly when the
soft shell is made of gelatin, should be investigated.
Capsule shells can become reactive depending on the storage conditions. Product packaging
and storage conditions are chosen to prevent adverse effects on capsule quality. The rate of
ingress of moisture and oxygen into the packaging can affect the final shelf life for the product.
In some cases, an increase in water content of the capsule shell may produce a measurable
reduction in the dissolution time because a moistened product may facilitate polymer hydration.
2. CROSS-LINKING IN GELATIN CAPSULES
Cross-linking involves strong chemical linkages beyond simple hydrogen and ionic bonding
between gelatin chains and affects the thermal reversibility of the gelatin shell. Cross-linking
typically is caused by agents present in the capsule fill that react with gelatin molecules,
resulting in the formation of a pellicle on the internal surface of the shell. Less often, a pellicle
may form on the external surface of the shell arising from reactive environmental agents.
A pellicle is a thin, clear membrane of cross-linked protein surrounding the fill or the capsule
that prevents the capsule fill from being released. Because the pellicle itself is difficult to
observe, cross-linking is evidenced by the formation of a gelatinous mass during dissolution
testing.
Cross-linking also can be caused by agents or impurities present in the shell, thereby rendering
the entire shell matrix insoluble under conditions that normally would dissolve the gelatin shell.
One of the strongest and most common types of cross-linking involves the covalent bonding of
the amine group of a lysine side chain of one gelatin molecule to a similar amine group on
another molecule. This reaction generally is caused by trace amounts of reactive aldehydes.
Formaldehyde, glutaraldehyde, glyoxal, and reducing sugars are the most common cross-linking
agents. The covalent bonding produced with this type of cross-linking is, for all practical
purposes, irreversible, and dissolution of the shell must involve the breaking of other bonds
such as the enzyme-mediated breaking of the peptide bonds in the protein chains.
Gelatin that is chemically modified, e.g., by the addition of succinic acid groups to the lysine
side chains, can prevent or at least diminish aldehyde-mediated cross-linking. A weaker type of
cross-linking involves complexation of free carboxylic acid groups from two different gelatin
molecules with trivalent metal ions such as Fe3+ and Al3+. These cations can be found in some
of the dyes used as colorants or as low-level contaminants of excipients. For higher-Bloom
gelatin (see section 6.1.2.2 Chemistry of gelatin), which typically is considered higher quality,
cross-linking occurs more readily because fewer links are needed to join greater lengths of
gelatin chains.
Common causes of cross-linking include the following:
Aldehydes that are present in the active ingredient, excipients, or packaging materials;
or aldehydes that may be formed in-situ during storage
High humidity
Substances that facilitate a cross-linking reaction
Substances that promote decomposition of stabilizer in corn starch
(hexamethylenetetramine), resulting in the formation of ammonia and formaldehyde,
which cause the cross-linking reaction
Rayon coilers that contain an aldehyde functional group
Polyethylene glycol that may auto-oxidize to form aldehydes
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UV light, especially with high heat and humidity
Aldehyde formation promoted by elevated temperatures
Dissolution testing demonstrates that cross-linked capsules can result in slower release of the
drug or no release at all. Enzymes can be used in the dissolution medium to overcome this
problem (see

711 ).
3. DISSOLUTION PROCEDURE DEVELOPMENT

Design of a procedure for dissolution testing for liquid-filled capsules depends on the product
formulation. The composition of the fill, the solubility of the active ingredient(s) in the fill, and
the dispersion of the fill into the dissolution media all have an effect on the dissolution behavior
of a given fill formula. For example, a formulation that contains a lipid-soluble active ingredient
with hydrophobic excipients and a melting point in excess of 37 will likely not release the
active ingredient into solution in aqueous media in a timeframe that is considered acceptable
for routine quality control. In contrast, a freely water-soluble active ingredient dissolved in a
water-soluble fill formula at room temperature will be detected in solution very soon after the
shell ruptures and the dosage form releases the fill material into the media.
The specific design of the formulation and the target release profile should be known when
developing a dissolution method for any given product. For lipid-based formulations that often
are less dense than aqueous media, the release of the fill from the capsule may be driven by
buoyancy. If the formulation has been designed to be self-emulsifying, the formulation will
efficiently disperse into most aqueous media. Formulations such as those that consist simply of
a triglyceride with no additional co-solvent or emulsifier will rapidly float to the top of the
dissolution vessel. In this situation the quantitative results from a dissolution test provide the
rate of drug extraction from this floating layer. The apparatus selection is perhaps the most
critical step for liquid-filled capsules because the efficiency with which the capsule contents
mix with dissolution media is highly influenced by the hydrodynamics of the agitation. Once the
apparatus has been selected, other variables to consider in developing a dissolution test are
rotation speed, dip rate or flow rate, surfactant/solubility enhancer type and concentration,
and pH of the medium (see 711 , 1092 , and 2040 ).
To better guide the dosage form design it may be useful to consider other characteristics of
the product such as solubility of the active ingredient(s) in different media, intrinsic dissolution
of the active ingredient(s) (see Apparent Intrinsic Dissolution—Dissolution Testing Procedures
for Rotating Disk and Stationary Disk 1087 ), dispersability, globule size for emulsions, micelle
formation, digestion, precipitation on dilution in media, phase behavior studies, and burst tests
to detect gelatin cross-linking.
The rupture test may be a useful tool in the early steps of the development and evaluation of
the formulation, especially if the active ingredient belongs to Biopharmaceutics Classification
System Class 1 and is formulated in a water-soluble filling. For this purpose, rupture is
considered to occur when the capsule shell is breached, exposing the fill contents. If the
rupture of the capsule shell can be correlated with dissolution data, then rupture can be
explored as a possible alternative to the dissolution test.
3.1 Apparatus
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As is the case with oral solid dosage forms, USP Apparatus 1 (basket), USP Apparatus 2
(paddles), USP Apparatus 3 (reciprocating cylinder), and USP Apparatus 4 (flow-through cell)
are most often chosen as the dissolution apparatus for liquid-filled capsules (see

711

and

2040 ). However, several specific benefits and drawbacks must be considered in selecting and
using the dissolution apparatus for liquid-filled capsules that typically have the following
physical properties:
Filled with a material that has a specific gravity less than that of water, resulting in
capsules that may float in an aqueous dissolution medium;
A capsule shell that may not dissolve completely during the dissolution experiment.
Rather, it may soften and disintegrate into a sticky or waxy mass that can adhere to
any point in the dissolution vessel and in different areas in different vessels, generating
high variability in the results; and
Capsule fill material that may be either a liquid or a semisolid and may form a film on the
surface of the dissolution medium during the course of the test.
The capsule dissolution process involves three stages: (1) rupture of the capsule shell, (2)
release and dispersion of the capsule fill material, and (3) dissolution of the active ingredient(s)
in the medium. Each dissolution apparatus referred to previously can achieve these three
stages, but they differ in their mechanical interaction with the capsule.
3.1.1 USP APPARATUS 1 (BASKET)
This apparatus has the advantage of enclosing the capsules, preventing them from floating
freely in the medium. For certain liquid-filled capsules, however, baskets may not be suitable.
As the capsule ruptures, the material from the capsule shell may clog the basket's mesh, and
for hydrophobic fill materials the oil phase released from the capsule may not disperse into fine
enough droplets in the basket to efficiently pass through the mesh. A larger-size mesh may be
needed to overcome these limitations.
3.1.2 USP APPARATUS 2 (PADDLES)
This apparatus does not have a mesh that can clog, but it does not prevent the capsules from
floating. In these instances, wire coils can be wound around the capsules, or commercially
available sinkers can be used to encase the capsules and hold them on the bottom of the
vessel, allowing the fill to become exposed to more of the medium (see Apparatus/Agitation,
Sinkers under 1092 ). Sinkers also can be used to prevent the capsule from sticking to the
vessel walls and to provide better contact with the dissolution medium even if the capsule does
not float and remains at the bottom of the vessel.
3.1.3 USP APPARATUS 3 (RECIPROCATING CYLINDER)
This apparatus, like Apparatus 1, encloses the capsules. The mesh at the bottom of the
cylinder, however, may become clogged with undissolved shell, slowing laminar fluid flow.
Changing the mesh size may alleviate this problem. The different mechanism of agitation of
Apparatus 3 provides different hydrodynamics compared with Apparatus 1 and 2. This
characteristic may assist in dispersing hydrophobic droplets, avoiding the formation of layers
and problems caused by the buoyancy of the capsule. In the case of Apparatus 3, a change to
different media during the course of the dissolution experiment is possible. This allows
dissolution profiles to be determined at different pH values, which is useful for targeted-action
or modified-release dosage forms. However, USP Apparatus 3 has a tendency to generate foam
when surfactants are added to the media. In this situation, an appropriate antifoaming agent
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may be added to the medium.
An alternative to Apparatus 3 is the disintegration apparatus described in Disintegration 701
. The use of disks should be avoided because of clogging. This apparatus offers more turbulent
conditions that could be useful in the dispersion of hydrophobic filling, avoiding the formation of
layers and counteracting the buoyancy of the capsule.
3.1.4 USP APPARATUS 4 (FLOW-THROUGH CELL)
This apparatus also encloses the capsules and has a filter, but has limitations similar to those
of Apparatus 1 and 3. The use of the flow-through cell designed for lipid-filled softgels may
overcome these problems (see Figure 2 in 2040 ). Use of Apparatus 4 also makes it possible
to change to different media and to alter the flow during the course of the dissolution
experiment. In addition, this equipment can be set up for low or high volumes of media that can
be used with low-strength products and with poorly soluble active ingredient(s), respectively.
Other apparatus may be considered with proper justification, with each candidate apparatus
evaluated for variations in media composition, media volume, agitation or flow rate, and other
test parameters to determine what effect each has on the dissolution performance of the
product.
3.2 Medium
General recommendations for the selection of appropriate dissolution media can be found in
chapters 1092 and 2040 and in the FDA Guidance for Industry–Dissolution Testing of
Immediate-Release Solid Oral Dosage Forms.
Characteristics of the dissolution medium that may affect the opening or rupture of the capsule
shell, the release and dispersion of the capsule fill material, and the dissolution of the active
ingredient(s) are discussed in the following sections.
3.2.1 ACHIEVING SINK CONDITIONS
As in the development of any effective dissolution procedure, the medium preferably (but not
necessarily) should provide sink conditions for the active ingredient(s) in an environment that
ensures suitable stability and, preferably, is physiologically relevant for the product (see

1092

).
If the fill is water-soluble or, at least, readily dispersible in an aqueous medium, and if the
active ingredient itself is also soluble, sink conditions may be achieved in a manner comparable
to that for any other solid oral dosage form. Liquid-filled capsules, however, may contain either
a matrix or active ingredient (or both) that are hydrophobic or water-insoluble. In this case, a
medium with surfactants or enzymes may be needed (see sections 3.2.2 and 3.2.3). The use of
organic co-solvents to improve sink conditions is discouraged and should be employed only as a
last resort with appropriate justification. In practice, the presence of organic solvents in the
medium may inhibit the dissolution of the shell.
In addition to dispersing/dissolving the matrix and active ingredient(s), the medium must neither
interfere with the activity of any enzymes used nor negatively interact with the capsule shell or
formulation. Developing a suitable medium for hydrophobic systems therefore may require
considerable experimentation. For example, using testing from 711 , the addition of enzymes
is required when the gelatin capsule fails the test. When certain surfactants are used (e.g.,
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sodium lauryl sulfate), the enzyme is deactivated. In this case, a pretreatment period with the
proteolytic enzyme followed by a later addition of the surfactant may be considered.
To establish a suitable medium, several candidates should be evaluated to identify the one that
achieves appropriate sink conditions with the lowest quantity of solubilizing/dispersing agent.
The effect of pH, ionic strength, and buffer counter-ion on active ingredient solubility and
enzyme activity, particularly for hydrophobic active ingredients, in addition to the relative
partitioning of the active ingredient between the matrix and medium, must also be evaluated.
3.2.2 USE OF SURFACTANTS/DISPERSING AGENTS/SOLUBILITY ENHANCERS
Surfactants, dispersing agents, or solubility enhancers may be used in the dissolution medium
when the capsule fill, the active ingredient, or both, are hydrophobic or water-insoluble. They
may also be used if the media described in 1092 and in the FDA guidance are ineffective in
dispersing the capsule fill or in achieving proper sink conditions for the active ingredient.
Surfactants, dispersing agents, and solubility enhancers include the following:
Polysorbates (Tween)
Sodium dodecyl sulfate (SDS) or sodium lauryl sulfate (SLS)
Lauryl dimethyl amine oxide
Cetyltrimethylammonium bromide (CTBA)
Polyethoxylated alcohols
Polyoxyethylene sorbitan
Octoxynol 9 (Triton X100TM)
N,N-Dimethyldodecylamine-N-oxide
Polyoxyethylene alcohols (Brij 721TM, Brij 35PTM)
Bile salts (sodium deoxycholate and sodium cholate)
Polyoxyl castor oil (CremophorTM)
Nonylphenol ethoxylate (TergitolTM, Nonoxynol 9)
Cyclodextrins
Lecithin
Methylbenzethonium chloride (Hyamine)
Although useful as solubilizing agents, surfactants should be used cautiously because they can
interact with the gelatin in the capsule shell and can hinder disintegration or dissolution, or
they can inhibit enzymes that may be used to hydrolyze the gelatin shell and/or the filling.
One of the most common anionic surfactants used for dissolution testing of tablets, SLS,
exhibits both of these adverse effects, particularly at lower pH (e.g., in simulated gastric fluid).
In addition, SLS forms insoluble precipitates in the presence of potassium ions. Only a very high
quality grade of SLS should be employed in dissolution media because of the potential
interference of its impurities in the quantitation step in dissolution testing. Therefore, the use
of SLS should be considered only in the absence of other alternatives.
Other anionic or cationic surfactants also have been shown to affect gelatin solubility, and the
extent of these interactions should be considered in the selection of the dissolution medium.
Cationic surfactants should be avoided in formulations that contain fatty acids because the
combination potentially may form insoluble precipitates.
3.2.3 USE OF ENZYMES
Proteolytic enzymes such as pepsin (at low pH) or pancreatin (at pH equal to or greater than
6.8) may be used when the gelatin capsule shell does not dissolve in ordinary aqueous media
because of cross-linking, as previously discussed. Pancreatin has the advantage of also
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possessing lipase activity, which makes it useful when the capsule fill material is a triglyceride.
Tests should be carried out to ensure that the enzymes used in the dissolution testing do not
adversely interact with the formulation. The dissolution medium should also be optimized (e.g.,
by adjusting the pH, ionic strength, etc.) so that it preserves enzymatic activity while
maintaining sink conditions for the active ingredient. If surfactants are also used, their potential
adverse effect on enzyme activity must be evaluated.
3.2.4 PH
In addition to establishing a drug pH-solubility profile during the dissolution development, the
following specific issues should also be evaluated:
Effect of the medium pH on the swelling or dissolution of the capsule based on the type
of gelatin used in the product: either Type A (for which the medium pH typically is 7–9)
or Type B (for which the medium pH typically is 4.7–5.4) (see the USP Gelatin
monograph)
Effect of the medium pH on potential adverse interactions of the surfactant, if used,
with the gelatin capsule or with any enzyme present
Selection of a specific pH range that will have a minimum effect on the activity of any
needed enzymes and will be suitable for the solubility and stability of the active
ingredient
3.2.5 CROSS-LINKING IN GELATIN CAPSULES
As previously discussed, cross-linking results in the formation of pellicles on the internal or
external surface of the shell. Depending on the extent of the cross-linking and the structural
integrity of the shell, this pellicle may delay or prevent the release of the fill and the dissolution
of active ingredient(s) during the test.
Pellicles often are difficult to dissolve and typically require the use of proteolytic enzymes in
the medium to achieve dissolution.
Gelatin also forms ionic cross-links (salt bridges), typically between carboxylate (anionic) and
ammonium (cationic) side chains of the amino acids comprising the polypeptide chain. Although
they can inhibit gelatin dissolution, ionic cross-links are much weaker than covalent cross-links
and may be disrupted by changing the ionic strength or pH of the medium or by using an
enzyme.
3.3 Forced Cross-Linking
During product and dissolution method development, forced formation of cross-linking in the
gelatin capsule may be useful to establish the type and amount of enzyme that will be used in
the test, and to better understand the behavior of the formulation in the dissolution medium.
This can be achieved by spiking excipients with known amounts of formaldehyde or other crosslinking agents, or exposing the capsules to high humidity.
3.4 Sampling
Establishing the proper sampling technique and location for liquid-filled capsules follows the
procedures described in chapters 711 and 1092 . Because the capsule fill material
typically forms a film on the surface of the dissolution medium during the course of the test,
sampling must be performed in such a way that the cannula penetrates the oily layer without
clogging. In addition to standard validation and compatibility studies, care must be taken when
a filter is used to ensure that it does not become clogged with oil or undissolved capsule shell
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material when the sample is taken. Similar considerations apply to automated sampling
equipment because filters and transfer lines may become obstructed during sampling. To
address this issue, the use of surfactants and/or enzymes in dissolution media may be needed
to better solubilize the capsule shell and fill. Another point to be considered in the case of
automated sampling equipment is the probe. If it remains inside the medium during the test in
order to avoid perturbing the oily layer on the medium, it could possibly influence the dissolution
profile because of changes in the hydrodynamics of the dissolution medium. An alternative is to
remove the probe and to introduce it just at the time of the sampling. The sampling method
should be validated for each product.
3.5 Quantitation
Dissolution samples from liquid-filled capsules, like dissolution samples from solid dosage forms,
can be quantitated using chromatographic, spectrophotometric, tandem chromatography-mass
spectrometry, and other techniques after adequate method development and validation (see
1092 and where special considerations are described as follows under section 4 Method
Validation).
4. METHOD VALIDATION
In addition to the general method validation parameters discussed in 1092 , the following
performance characteristics may be evaluated:
Effect of pH and ionic strength on drug solubility and enzyme activity, if enzymes are
used
For hydrophobic active ingredient(s), the relative partitioning of the active ingredient(s)
between the matrix and the medium, as well as the potential for an adverse effect on
release into the aqueous medium
For chromatographic procedures, the potential adverse effect of the surfactant, if used,
on the chromatographic separation; as part of the robustness study, evaluation of
different concentrations of surfactant, different surfactant types, interaction with
buffer salts, etc.
Potential adverse effects of the surfactant or enzyme, if present, on the lifetime of the
chromatographic column
Qualification of the sampling procedure to prevent clogging of the cannula, transfer
tubing, or filters
5. SUGGESTIONS FOR STARTING POINTS
On the basis of the considerations previously discussed, possible starting points for establishing
a dissolution test for liquid-filled capsules based on the solubility characteristics of the fill and
the active ingredient(s) are the following:
Possible formulations:
1. Hydrophilic fill/active ingredient is soluble in aqueous media
2. Hydrophobic fill/active ingredient is poorly soluble in aqueous media
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3. Hydrophilic fill/active ingredient is poorly soluble in aqueous media
4. Hydrophobic fill/active ingredient is soluble in aqueous media
5.1 Medium
Evaluate the solubility of the active ingredient(s) in aqueous media within a pH range of 1.0–
8.0.
5.2 Medium Additives
Enzymes such as pepsin (at pH less than 6.8) or pancreatin (at pH equal to or greater than
6.8) may be used if the product shows evidence of cross-linking in the gelatin capsule. If the
product is a formulation such as 2 or 3 above, evaluate the use of surfactants and possible
interaction with enzymes.
5.3 Apparatus
USP Apparatus 1 or 2 (Apparatus 2 is preferred and performs better in most cases). If crosslinking is observed, Apparatus 2 is the apparatus of choice. If the capsule is filled with lowspecific-gravity liquid and has a tendency to float, sinkers should be used. If the product is a
formulation such as 2 or 4 above, consider Apparatus 3 as a possible option.
5.4 Agitation Speed
Agitation speed typically is 50–100 rpm for baskets and 50–75 rpm for paddles. Higher speeds
should be justified.
5.5 Time Points
A dissolution profile should be established during the development phase to identify when the
rate of active ingredient release has leveled off.
6. QUALITY BY DESIGN
When considering the development of dissolution procedures for liquid-filled capsules, the
concept of Quality by Design (QbD) is applicable. In QbD, knowledge and understanding of the
release mechanism are paramount. Developing a dissolution procedure that can show any
changes in the release profile is the first step in selecting critically relevant specifications.
During method development, understanding the critical quality attributes, which are vital
components of QbD, can be accomplished by considering the many aspects of the capsule shell
and of gelatin, in particular the release mechanism of the dosage form and its in vivo absorption
characteristics.
6.1 Critical Quality Attributes
6.1.1 SHELL COMPOSITION
Knowledge about the composition of the shell (polymer, plasticizers, water content, etc.), as
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discussed at the beginning of this chapter, is an important aspect of QbD and helps determine
critical quality attributes. Other important aspects of understanding the critical quality
attributes are the composition and properties of the gel mass and finished shell. In its simplest
form, the shell of a liquid-filled capsule is prepared from a molten gel mass, which in the case of
hardgels comprises gelatin or other polymers and water and in the case of softgels comprises
gelatin and a plasticizer dissolved in an aqueous vehicle. The ratio of polymer to plasticizer
varies depending on the desired performance traits of the shell, the size of the shell, and the
composition of the fill material. Other minor components added to the gel mass may include
colorants, flavors, stabilizers, buffers, and opacifiers. The physical characteristics and quality
of these minor components are central in the design of high-quality and consistent
formulations. The composition of hardgels usually does not vary with capsule size or with the
composition of the fill material.
6.1.2 GELATIN
6.1.2.1 Gelatin capsule manufacturing process: For hardgels, there are two separate
manufacuring steps: (1) manufacturing the empty shells and (2) the filling process. Capsule
shells are produced, packaged, and shipped to the dosage form manufacturers. Capsules are
then filled and sealed. Most modern capsule-filling machines can be modified to allow accurate
filling of hot or cold liquid into hardgels. An essential part of a liquid-filling operation is the
ability to effectively seal the capsule. This sealing process is a critical manufacturing variable,
and detailed knowledge of all the aspects of this process is important.
For softgels, the forming of the capsule and filling process (encapsulation process) occur at the
same time. During the encapsulation process, it is important to monitor the shell thickness,
seam quality, capsule weight, and the fill weight using statistical process controls.
6.1.2.2 Chemistry of gelatin: Understanding the chemical nature of gelatin is another
important component of the critical attributes of the formulation. Gelatin is graded primarily on
the strength of the gel. Depending on the process and the tissue source, noticeable differences
in strength are apparent among suppliers and even between lots from the same supplier.
Consequently, controlling the strength of the gelatin from batch to batch, measured as Bloom
strength, is key to obtaining a consistently performing product. Bloom strength is a measure of
the ability of a given weight of gelatin to set up in water under controlled conditions and is a
function of the molecular weight of the gelatin, the concentration of the gelatin in the gel, and
the pH of the gel. It is a measure of the resultant gel's resistance to compression and is
reported in Bloom-grams or just grams. Bloom strength increases when the gelatin
concentration in the gel increases, when the average molecular weight of the gelatin increases,
and when the pH of the gel approaches neutrality (from either direction). In addition, as Bloom
strength increases, the cost of gelatin increases and the rate of gel dissolution decreases.
Bloom strength also has an effect on the clarity and color of liquid-filled capsules. For gelatin
with higher Bloom strength, less gelatin is needed to produce a suitable shell, which results in a
clearer shell and a reduced need for colorants and dyes in order to produce the desired hue.
Although gelatin can be purchased with Bloom strengths ranging from 50 to 300, most gelatins
used in the manufacture of liquid-filled capsules have a Bloom strength of about 150–200 for
softgels and 220–280 for hardgels. Gelatin manufacturers commonly blend different sublots of
gelatin to meet Bloom requirements. These important characteristics of gelatin must be taken
into account when characterizing the product under development.
6.1.2.3 Chemistry of other polymers: Suitable consideration should be given to the other
polymers used to manufacture capsule shells.
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6.1.3 PROCESSING AIDS
Processing aids are used as gelatin ribbon lubricants in the gelatin manufacturing process.
Because these processing aids contact only the exterior surface of the gelatin capsules, the
evaluation of their potential adverse effects is focused on the capsule itself and primarily on
gelatin cross-linkage.
6.1.4 STABILITY AND STORAGE CONDITIONS
Knowledge of the stability and reactivity of gelatin or other polymers is essential to anticipate
their influence on final product quality. At room temperature, the shells of the capsules as
supplied are relatively effective at protecting the fill from oxygen and its effects, and when an
opacifier such as titanium dioxide is added to the shell, it can prevent photodegradation of the
fill. In addition, the low water activity of the shell does not promote microbial growth. Bacteria,
yeasts, and molds require higher water activity of at least 0.80Aw; the water activity of
capsule shells typically is less than 0.40 Aw.
Storage conditions of the final product range from refrigeration to standard room temperature.
Products should be stored according to the label directions. Brief excursions outside of these
conditions must be evaluated to determine their influence on the final product quality. Storage
conditions and duration for the empty capsule shells also should be considered.
6.1.5 FORMULATION DEVELOPMENT AND MANUFACTURING
Understanding the properties of the active ingredient(s) is essential during formulation
development. Liquid-filling technology is applicable to active ingredients that display poor
solubility in aqueous systems, short half-life requiring frequent dosing, low melting point, low
dose/high potency, and critical stability. Other process-related factors include the following:
Compatibility and stability of excipients and active ingredient(s) over time
Temperature-dependent solubility of the active ingredient(s) in the lipid
Aging/polymorphic characteristics of the lipid
Adequate characterization of the saturation/supersaturation status of the active
ingredient(s) in the lipid formulation in order to avoid “crash out” of the active
ingredient(s). Optimally, saturation status should be determined when the formulation is
at equilibrium with the shell.
Stability in solution under stress conditions
Aldehyde formation and degradation of active ingredient(s)
Influence, if any, of the rate of cooling on the structure of certain excipients, which
may modify the release characteristics of the active ingredient(s)
The important factors during a liquid-filling operation are temperature and viscosity of the fill
material and, in the case of a dispersion, the particle size of the dispersed active ingredient(s).
In principle, any excipient found to be compatible with the shell can be used, but in a
manufacturing environment the viscosity of the fill material is important. Excipients that are
solid at room temperature but melt at temperatures up to 70 are suitable for formulating
active ingredient(s) provided those excipients yield the desired in vivo performance.
Both shell and fill excipients should be controlled for levels of known cross-linking agents such
as formaldehyde and reducing sugars.
Imperfections in the shell and/or in the seam may affect dissolution.
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The appropriate in-process controls should be in place to monitor and reduce the lot-to-lot
variability.
6.1.6 CLINICALLY RELEVANT SPECIFICATIONS
A critical part of QbD is the selection of specifications that are meaningful from an in vivo
perspective. Hence every effort should be made during procedure development to ensure that
the procedure is challenged to detect changes in the critical quality attributes. This places a
responsibility on the analysts and/or formulators to perform design of experiment (DoE) studies
to detect changes. If an in vivo-in vitro correlation (IVIVC) is not possible, then an in vivo-in
vitro relation (IVIVR) and rank order should be shown. USP36
BRIEFING
1121 Nomenclature. The proposed changes to
general chapter to a below

1000

1121

include a proposal to move the

general chapter. The new number for the general chapter

is 8 .This reflects the mandatory nature of the general chapter following USP's legal
authority in creating official names. The main changes in the general chapter include:
An updated description of USP's role in law, with amended references
A revised Monograph Naming Policy for Salt Drug Substances in Drug Products and
Compounded Preparations to clarify the definition of the active moiety. This definition
applies to noncovalent chemical entities such as salts, complexes, and clathrates but
excludes covalently bound esters
General rules are applied in the naming of drug products with clear definitions such
as:
Rules for omitting route of administration in the name
Rules for naming and labeling injections, where specific route (e.g.,
intravenous, intramuscular, etc.) is placed in the labeling rather than in the title
The term for is included in names to indicate that the product is a solid drug
substance that must be dissolved or suspended in a suitable liquid to obtain a
final dosage form
Provision that creams, ointments, lotions, and pastes are applied topically
unless otherwise indicated in the name
Clarification of rules for products administered vaginally (inserts) and rectally
(suppositories)
A system as a preparation of drug(s) in a carrier device that is applied
topically or inserted into a body cavity, from which drugs are released gradually
over an extended period of time, after which the carrier device is removed
Definitions applied for concentrates
These decisions were made by the Nomenclature Expert Committee during its July 18-19,
2011, meeting.
(NSL: A. Wilk.)
Correspondence Number—C77398

Comment deadline: March 31, 2012
Change to read:
1121
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8

USP36

NOMENCLATURE
The USP (or NF) titles for monograph articles are legally recognized under the Federal Food,
Drug, and Cosmetic Act as the designations for use in labeling the articles to which they apply.
The value of designating each drug by one and only one nonproprietary1 name is important in
terms of achieving simplicity and uniformity in drug nomenclature. In support of the U.S.
Adopted Names program (see Mission and Preface in USP–NF), of which the U.S. Pharmacopeial
Convention is a cosponsor, the USP Council of Experts gives consideration to the adoption of
the U.S. Adopted Name, if any, as the official title for any compound that attains compendial
recognition.
A compilation of the U.S. Adopted Names (USAN) published from the start of the USAN program
in 1961, as well as other names for drugs, both current and retrospective, is provided in the
USP Dictionary of USAN and International Drug Names. This publication serves as a book of
names useful for identifying and distinguishing all kinds of names for drugs, whether public,
proprietary, chemical, or code-designated names.2
A nonproprietary name of a drug serves numerous and varied purposes, its principal function
being to identify the substance to which it applies by means of a designation that may be used
by the professional and lay public free from the restrictions associated with registered
trademarks. Teaching in the health sciences requires a common designation, especially for a
drug that is available from several sources or is incorporated into a combination drug product;
nonproprietary names facilitate communication among healthcare providers; nonproprietary
names must be used as the titles of the articles recognized by official drug compendia; a
nonproprietary name is essential to the pharmaceutical manufacturer as a means of protecting
trademark rights in the brand name for the article concerned; and, finally, the manufacturer is
obligated by federal law to include the established nonproprietary name in advertising and
labeling.
Under the terms of the Drug Amendments of 1962 to the Federal Food, Drug, and Cosmetic Act,
which became law October 10, 1962, the Secretary of Health and Human Services is authorized
to designate an official name for any drug wherever deemed “necessary or desirable in the
interest of usefulness and simplicity.”3
The Commissioner of Food and Drugs and the Secretary of Health and Human Services
published in the Federal Register regulations effective November 26, 1984, which state, in part:
“Sec. 299.4 Established names of drugs.”
“(e) The Food and Drug Administration will not routinely designate official names under section
508 of the act. As a result, the established name under section 502(e) of the act will ordinarily
be either the compendial name of the drug or, if there is no compendial name, the common and
usual name of the drug. Interested persons, in the absence of the designation by the Food and
Drug Administration of an official name, may rely on as the established name for any drug the
current compendial name or the USAN adopted name listed in USAN and the USP Dictionary of
Drug Names.”4
It will be noted that the monographs on the biologics, which are produced under licenses issued
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by the Secretary of the U.S. Department of Health and Human Services, represent a special
case. Although efforts continue toward achieving uniformity, there may be a difference
between the respective title required by federal law and the USP title. Such differences are
fewer than in past revisions of the Pharmacopeia. The USP title, where different from the FDA
Center for Biologics Evaluation and Research title, does not necessarily constitute a synonym
for labeling purposes; the conditions of licensing the biologic concerned require that each such
article be designated by the name appearing in the product license issued to the manufacturer.
Where a USP title differs from the title in the federal regulations, the former has been adopted
with a view to usefulness, simplicity, and conformity with the principles governing the selection
of monograph titles generally.
GENERAL NOMENCLATURE FORMS
Some monograph titles existing in the USP–NF do not conform to the formats outlined in this
general information chapter. Typically, these monograph titles were adopted before the
establishment of the title formats and nomenclature policies presented in this general
information chapter. Such monograph titles may be subject to subsequent revision and should
not be interpreted as precedents for other monograph titles.
Standardized forms of nomenclature have been devised in the interest of achieving uniformity
for naming compendial articles. The general nomenclature forms that follow illustrate the
terminology used throughout the official compendia for consistency in establishing titles of
monographs on official pharmaceutical dosage forms and preparations. Examples are shown for
the more frequently encountered categories of dosage forms.
For a variety of dosage forms, titles are in the following general form: [DRUG] [ROUTE OF
ADMINISTRATION] [DOSAGE FORM].
Examples:
Calcium Carbonate Oral Suspension
Cetylpyridinium Chloride Topical Solution
Dexamethasone Ophthalmic Suspension
Epinephrine Bitartrate Ophthalmic Solution
Isosorbide Dinitrate Sublingual Tablets
Miconazole Nitrate Topical Powder
Triple Sulfa Vaginal Cream
The term “Vaginal Inserts”, rather than “Vaginal Tablets”, “Vaginal Capsules”, or “Vaginal
Suppositories” is used in the title of this type of vaginal preparation to avoid the potential for
misuse of these products if the term “Tablets” or “Capsules” or “Suppositories” were to appear
in the title.
Example:
Clotrimazole Vaginal Inserts
The term for route of administration is omitted for those dosage forms for which the route of
administration is understood. The general form then becomes simply [DRUG] [DOSAGE FORM].
Thus, capsules, tablets, and lozenges are administered via the oral route unless otherwise
indicated by the title.
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Examples:
Acetaminophen Capsules
Aminophylline Delayed-Release Tablets
Aspirin Extended-Release Tablets
Hexylresorcinol Lozenges
Meperidine Hydrochloride Tablets
Drugs that are injected may be administered via the intravenous, intramuscular, subcutaneous,
etc., route; the route being specified in the labeling rather than in the name.
Examples:
Aurothioglucose Injectable Suspension
Epinephrine Injection
Fluorouracil Injection
Hydrocortisone Acetate Injectable Suspension
Phytonadione Injectable Emulsion
Creams, ointments, lotions, and pastes are applied topically, unless otherwise indicated by the
name.
Examples:
Benzoyl Peroxide Lotion
Betamethasone Dipropionate Cream
Estradiol Vaginal Cream
Nystatin Ointment
Zinc Oxide Paste
The term “Suppositories” is used in the titles of preparations that are intended for rectal
administration.
Example:
Aspirin Suppositories
The term “for” is included in names, as appropriate, of preparations for which a solid drug
substance must be dissolved or suspended in a suitable liquid to obtain a dosage form, and the
general form becomes [DRUG] for [ROUTE OF ADMINISTRATION] [DOSAGE FORM].
Examples:
Ampicillin for Oral Suspension
Epinephrine Bitartrate for Ophthalmic Solution
Nafcillin for Injection
Spectinomycin for Injectable Suspension
In some instances, the drug is supplied in one dosage form for the preparation of the intended
dosage form.
Examples:
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Aspirin Effervescent Tablets for Oral Solution
Methadone Hydrochloride Tablets for Oral Suspension
Papain Tablets for Topical Solution
Systems are preparations of drugs in carrier devices that are applied topically or inserted into
body cavities, from which drugs are released gradually over extended times, after which the
carrier device is removed. The general form for a system is [DRUG] [ROUTE] [SYSTEM].
Examples:
Nicotine Transdermal System
Progesterone Intrauterine Contraceptive System
Some drugs are available as concentrated solutions that are not intended for direct
administration to humans or animals, but are to be diluted with suitable liquid vehicles to obtain
the intended preparation. The general form for these preparations, which are not dosage forms,
is [DRUG] [CONCENTRATE].
Examples:
Isosorbide Concentrate (used to prepare Isosorbide Oral Solution)
Glutaral Concentrate (used to prepare Glutaral Disinfectant Solution)
For products intended for parenteral administration, the use of the word “Concentrate” in the
monograph title is restricted to one specific monograph, Potassium Chloride for Injection
Concentrate. The word “Concentrate” should not appear in the monograph title for any other
parenteral product; rather, this issue is to be addressed in the product labeling.
Some drugs are supplied as preparations that may be intermediates used for convenience in
formulating finished dosage forms. The general form for such preparations, which are not
finished dosage forms, is [DRUG] [PREPARATION].
Examples:
Vitamin E Preparation
Cranberry Liquid Preparation
MONOGRAPH NAMING POLICY FOR SALT DRUG SUBSTANCES IN DRUG PRODUCTS AND
COMPOUNDED PREPARATIONS
The titles of USP monographs for drug products and compounded preparations formulated with
a salt of an acid or base use the name of the active moiety, as defined below. The strength of
the product or preparation also is expressed in terms of the active moiety.
An active moiety is the molecule or ion, excluding those appended portions of the molecule that
cause the drug to be an ester, salt (including a salt with hydrogen or coordination bonds), or
other noncovalent derivative (such as a complex, chelate, or clathrate) of the molecule,
responsible for the physiological or pharmacological action of the drug substance, without
regard to the actual charged state of the molecule in-vivo.
For example, the active moiety of a hydrochloride salt of a base will be the free base and not
the protonated form of the base. The active moiety of a metal acid salt will be the free acid.
i. Example: Chelocardin Hydrochloride active moiety is Chelocardin
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ii. Example: Alendronate Sodium active moiety is Alendronic Acid

This Policy is followed by USP in naming drug products and compounded preparations that are
newly recognized in the USP. Revising existing monographs to conform to this Policy is not
intended, except where the USP Council of Experts determines that, for reasons such as
safety, a nomenclature change is warranted.
Related Issues
Labeling—The labeling clearly states the specific salt form of the active moiety that is present
in the product/preparation, as this information may be useful to practitioners and patients. The
names and strengths of both the active moiety and specific salt form (where applicable) are
provided in the labeling.
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Exceptions—In those rare cases in which the use of the specific salt form of the active moiety
in the title provides vital information from a clinical perspective, an exception to this Policy may
be considered. In such cases, where the monograph title contains the specific salt form of the
active moiety, the strength of the product or preparation also is expressed in terms of the
specific salt form.
POLICY FOR POSTPONEMENT SCHEDULES
It is the practice of USP to postpone the official dates of nomenclature and labeling revisions
for a reasonable time primarily to allow for product label changes to be made and to allow
health practitioners and consumers time to become familiar with the new terminology. A
postponement period of 18 months is usually applied when only one or a small number of
products is affected. A postponement period of 30 months is usually applied when names or
labeling of multisource products or multiproduct lines of a firm's preparations are being changed.
A postponement period of 60 months is usually applied for title and labeling changes that affect
excipients, because such changes would require relabeling of very large numbers of
prescription-only and OTC preparations.
There may be exceptions to this postponement schedule where a shorter time is needed in
order to specify nomenclature and labeling changes in cases where public health and safety are
a concern.
The assignment of a postponement schedule is handled by the USP Expert Committee on
Nomenclature. The postponement schedules are presented below. USP's implementation of a
postponement schedule is automatic, unless an exception is sought. Exceptions to the
postponement schedule are rarely made, and must have suitable justification as well as the
approval of the Expert Committee on Nomenclature. Any questions or concerns regarding this
postponement schedule may be addressed to the USP staff liaison assigned to the Expert
Committee on Nomenclature.
18 months—Schedule for title and labeling changes for a drug product. One or few companies
are involved. Example: Sterile [Drug] change to [Drug] for Injection.
30 months—Schedule for title and labeling changes for prescription-only and OTC products.
1. Extensive product line for a company. Examples: syrups and elixirs.
2. Several companies are involved. Examples: syrups and elixirs; lotions; sunscreens.

60 months—Schedule for title and labeling changes for excipient monographs. Ingredient
names in numerous multisource products are affected.
Naming is critical for determining exactly which articles are subject to particular standards. In
turn, compendial tests for identity are critical for linking compendial names (and the
accompanying standards) to a particular article by confirming whether the article is indeed the
one named or recognized in USP–NF. Articles in USP and NF, including drug substances, drug
products, and excipients, are given their nonproprietary1 names or official titles by an expert
committee, usually the committee charged with responsibility for nomenclature matters, often
in the context of monograph development and approval but increasingly closer in time to initial
marketing approval by FDA. USP is not involved in the approval or designation of proprietary or
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brand names. When an International Nonproprietary Name or US Adopted Names Council
(USAN)2 name has been designated previously, the responsible USP expert committee may
decide to retain the name for compendial use but is not required to do so. The designation of a
compendial name is part of the setting of compendial standards (“determining and approving
content of the official compendia”), which under USP bylaws is the responsibility of the USP
Council of Experts and various expert committees. See generally USP Bylaws Article VII, Section
1, and General Notices Sections 2.20, 3.10, 3.10.10, and 5.40.
ROLE IN LAW OF ARTICLES RECOGNIZED IN USP–NF
Naming and nomenclature also play critical roles in FDA's regulation of medicines3, particularly in
the adulteration and misbranding provisions of the Federal Food, Drug, and Cosmetic Act
(FDCA), which apply as well to biologics licensed under the Public Health Service Act (PHSA).
Under those adulteration and misbranding provisions, if an article “purports to be or is
represented as a drug the name of which is recognized in an official compendium” such as USP
or NF, it must comply with compendial identity standards or be deemed adulterated,
misbranded, or both [FDCA §§501(b) and 502(e)(3); see also FDA regulations, 21 CFR
§299.5(a&b)]. To avoid being deemed adulterated, such drugs also must comply with
compendial standards for strength, quality, and purity unless they are labeled to show all
respects in which the drug differs from the USP article [FDCA §501(b), and 21 CFR §299.5(c)].
FDA regulations reflect the agency's longstanding practice of ordinarily relying on the official
name in USP–NF or, if there is not such a compendial name, the name adopted by USAN and
listed in the USP Dictionary of USAN and International Drug Names [21 CFR §299.4(e)].4 FDA's
policy of relying on USP and not routinely designating official names is founded on the
adulteration and misbranding provisions of FDCA (§§501, 502, and 508) to which all drugs,
including biologics, are subject whether they are legally marketed under FDCA or PHSA.
In the absence of a §508 nonproprietary name, secondary priority next goes, in the case of “an
article recognized” in USP, to “the official title” in USP [FDCA §502(e)(3)(B)].
Third in priority, after an FDA §508 name or USP compendial name, is “the common or usual
name, if any, of such drug or such ingredient…” [FDCA §502(e)(3) (C)]. Nonproprietary names
derived by USAN apply to this third category unless a USP expert committee subsequently acts
to include them in USP (see below).
Last in priority is a name given by FDA (interim official name) in the course of licensing a drug
or biologic under FDCA (which requires a New Drug Application (NDA)) or PHSA (which requires
a Biologic License Application (BLA)). These interim official names are not specifically provided
for in the adulteration and misbranding provisions of FDCA, but the courts have upheld FDA's
authority to use what the agency has termed “interim official names” in the absence of either a
§508 rulemaking name or a USP compendial name. Unless FDA establishes the “official” name of
a drug or biologic by means of §508 rulemaking, then the USP-specified name prevails even if
USP assigns the name after FDA has already licensed a drug or biologic. In such cases, a
manufacturer may be required to change the nonproprietary name to conform to USP or risk
being deemed adulterated or misbranded. The USP Nomenclature, Safety and Labeling Expert
Committee5 acts under its own schedule, so that its designation of a name qualifying under
§502(e)(3)(B) need not coincide with FDA's approval of the drug.
USAN has been engaged in the assignment of nonproprietary names for drug substances (most
drugs and biologics, but not drug products, mixtures, combinations, and excipients) since 1964.
Firms planning to market in the United States a therapeutic substance of a type named by
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USAN can request designation of a USAN nonproprietary name and can engage in negotiations
to reach consensus on a name for balloting by the USAN Council. In many cases a USAN name
may be designated before USP undertakes development of a compendial standard. In such
cases, and in the absence of FDA designating an official name under FDCA Section 508 (or
USP's later designating a different nonproprietary name), FDA would consider the USAN name to
be the official nonproprietary name.6
Biologics are a subset of drugs, and all of the drug regulatory authority of FDCA—other than
what type of license FDA may issue, a BLA or NDA—applies to biologics approved under any
provision of the PHSA. In particular, this includes the adulteration and misbranding provisions of
FDCA, which contain the authority for USP's role in naming and nomenclature, as well as for
compendial identity and quality standards. Since FDA assumed responsibility for the regulation
of biological products in 1972, biologics have been subject to the regulatory and compliance
provisions of FDCA, including the adulteration and misbranding provisions. This understanding
was confirmed by Congress in 1997 with enactment of PHSA §351(j), which specifically provides
that PHSA biological products are subject to regulation under FDCA. This provision was
unaffected by the passage of the biosimilars approval pathway legislation [Biologics Price
Competition and Innovation Act of 2009, which added §§351(k) and (l) to PHSA].
MONOGRAPH NAMING POLICY FOR SALT DRUG SUBSTANCES IN DRUG PRODUCTS AND
COMPOUNDED PREPARATIONS
The titles of USP monographs for drug products and compounded preparations formulated with a
salt of an acid or base use the name of the active moiety, as defined below. The strength of
the product or preparation also is expressed in terms of the active moiety.
An active moiety is the molecule or ion, excluding those appended portions of the molecule that
cause the drug to be a salt (including a salt with hydrogen or coordination bonds), or other
noncovalent derivative (such as a complex, chelate, or clathrate) of the molecule. The active
moiety is responsible for the physiological or pharmacological action of the drug substance,
without regard to the actual charged state of the molecule in vivo. For example, the active
moiety of a hydrochloride salt of a base is the free base and not the protonated form of the
base. The active moiety of a metal salt of an acid is the free acid.
This Policy is followed by USP in naming drug products and compounded preparations that are
newly recognized in the USP. Revising existing monographs to conform to this Policy is not
intended, except where the USP Council of Experts determines that, for reasons such as
safety, a nomenclature change is warranted.
This policy is followed by USP in naming drug products and compounded preparations that are
newly recognized in USP. USP does not intend to revise existing monographs to conform to this
policy unless the USP Council of Experts determines that, for reasons such as safety, a
nomenclature change is warranted.
Labeling: The labeling clearly states the specific salt form of the active moiety that is present
in the product or preparation because this information may be useful to practitioners and
patients. The names and strengths of both the active moiety and specific salt form (when
applicable) are provided in the labeling.
Exceptions: In rare cases in which the use of the specific salt form of the active moiety in the
title provides vital information from a clinical perspective, an exception to this policy may be
considered. In such cases, when the monograph title contains the specific salt form of the
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active moiety, the strength of the product or preparation also is expressed in terms of the
specific salt form.
GENERAL NOMENCLATURE FORMS
Some monograph titles in USP–NF do not conform to the formats outlined in this general
information chapter. Typically, these monograph titles were adopted before the establishment
of the title formats and nomenclature policies presented in this general information chapter.
Such monograph titles may be subject to revision and should not be interpreted as precedents
for other monograph titles.
Standardized forms of nomenclature have been devised in the interest of achieving uniformity
for naming compendial articles. The general nomenclature forms that follow illustrate the
terminology used throughout the official compendia for consistency in establishing titles of
monographs for official pharmaceutical dosage forms and preparations.
General Rules and Policies for Drug Product Nomenclature
The term “Vaginal Inserts,” rather than “Vaginal Tablets,” “Vaginal Capsules,” or
“Vaginal Suppositories” is used in the title of this type of vaginal preparation to avoid
the potential for misuse of these products if the term “Tablets” or “Capsules” or
“Suppositories” were to appear in the title.
The term for route of administration is omitted for those dosage forms for which the
route of administration is understood. The general form then becomes simply [DRUG]
[DOSAGE FORM]. Thus, capsules, tablets, and lozenges are administered via the oral
route unless otherwise indicated by the title.
Drugs that are injected may be administered via the intravenous, intramuscular,
subcutaneous, etc., route. The route is specified in the labeling rather than in the
name.
Creams, ointments, lotions, and pastes are applied topically, unless otherwise indicated
by the name.
The term “Suppositories” is used in the titles of preparations that are intended for rectal
administration.
The term “for” is included in names, as appropriate, of preparations for which a solid
drug substance must be dissolved or suspended in a suitable liquid to obtain a dosage
form, and the general form becomes [DRUG] for [ROUTE OF ADMINISTRATION] [DOSAGE
FORM].
In some instances, the drug is supplied in one dosage form for the preparation of the
intended dosage form, e.g., Aspirin Effervescent Tablets for Oral Solution.
Systems are preparations of drugs in carrier devices that are applied topically or
inserted into body cavities, from which drugs are released gradually over extended
times, after which the carrier device is removed. The general form for a system is
[DRUG] [ROUTE] [SYSTEM].
Some drugs are available as concentrated solutions that are not intended for direct
administration to humans or animals but are to be diluted with suitable liquid vehicles to
obtain the intended preparation. The general form for these preparations, which are not
dosage forms, is [DRUG] [CONCENTRATE]. For products intended for parenteral
administration, the use of the word “Concentrate” in the monograph title is restricted to
one specific monograph, Potassium Chloride for Injection Concentrate. The word
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“Concentrate” should not appear in the monograph title for any other parenteral
product. Rather, this issue should be addressed in the product labeling.
Some drugs are supplied as preparations that may be intermediates used for
convenience in formulating finished dosage forms. The general form for such
preparations, which are not finished dosage forms, is [DRUG] [PREPARATION].
Nomenclature for Dosage Forms
The titles for drug product monographs shall appear in the following format: [DRUG] [ROUTE OF
ADMINISTRATION] [DOSAGE FORM]
Drug product categories are listed below alphabetically:
Aerosols
[DRUG] Inhalation Aerosol
[DRUG] Lingual Aerosol, e.g., Nitroglycerin Lingual Aerosol
[DRUG] Nasal Aerosol
[DRUG] Topical Aerosol e.g. Benzocaine Topical Aerosol, Tolnaftate Topical Aerosol
Capsules
[DRUG] Capsules e.g. Tamsulosin Capsules, Rifampin and Isoniazid Capsules
[DRUG] Delayed-release Capsules e.g. Aspirin Delayed-release Capsules, Erythromycin
Delayed-release Capsules, Omeprazole Delayed-release Capsules
[DRUG] Extended-release Capsules e.g. Chlorpheniramine Maleate Extended-release
Capsules, Propranolol Hydrochloride and Hydrochlorothiazide Extended-release Capsules,
Theophylline Extended-release Capsules
Concentrates
For products intended for parenteral administration, the use of the word “Concentrate” in the
monograph title is restricted to one specific monograph: Potassium Chloride for Injection
Concentrate
Creams
[DRUG] [ROUTE OF ADMINISTRATION] Cream e.g. Betamethasone Dipropionate Cream,
Clotrimazole Cream, Estradiol Vaginal Cream, Nystatin and Triamcinolone, Acetonide Cream
Emulsions
[DRUG] {ROUTE OF ADMINISTRATION}7 Emulsion e.g. Cyclosporine Ophthalmic Emulsion,
Hexachlorophene Cleansing Emulsion
Films
[DRUG] [ROUTE OF ADMINISTRATION] FILM e.g. Fentanyl Buccal Film
[DRUG] ORALLY DISINTEGRATING FILM
Foams
[DRUG] [ROUTE OF ADMINISTRATION] FOAM
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Gels
[DRUG] [ROUTE OF ADMINISTRATION] Gel
[DRUG] Nasal Gel
[DRUG] Ophthalmic Gel e.g. Ganciclovir Ophthalmic Gel
[DRUG] Oral Gel
[DRUG] Vaginal Gel e.g. Metronidazole Vaginal Gel
[DRUG] Topical Gel e.g. Erythromycin Topical Gel, Erythromycin and Benzoyl, Peroxide Topical
Gel, Metronidazole Gel
Granules
[DRUG] [ROUTE OF ADMINISTRATION] Granules e.g. Montelukast Oral Granules
Gums
[DRUG] Gum e.g. Nicotine Polacrilex Gum
Implants
[DRUG] [ROUTE OF ADMINISTRATION] Implant e.g. Dexamethasone Intravitreal Implant,
Etonogestrel Implant
Injections
There are seven categories of injections recognized in the nomenclature:
[DRUG] Injection—Liquid preparations that are drug substances or solutions thereof
[DRUG] for Injection—Dry solids that, upon the addition of suitable vehicles, yield solutions
conforming in all respects to the requirements for Injections
[DRUG] Injectable Emulsion—Liquid preparations of drug substances dissolved or dispersed in a
suitable emulsion medium
[DRUG] Injectable Suspension—Liquid preparations of solids suspended in a suitable liquid
medium
[DRUG] for Injectable Suspension—Dry solids that, upon the addition of suitable vehicles, yield
preparations conforming in all respects to the requirements for Injectable Suspensions
[DRUG] Extended-release Injectable Suspension—Liquid preparations of solids suspended in a
suitable liquid medium and formulated in a manner that allows the drug substance to be
available over an extended period of time
[DRUG] for Extended-release Injectable Suspension—Dry solids that, upon the addition of
suitable vehicles, yield preparations conforming in all respects to the requirements for
Extended-release Injectable Suspensions
Examples of Vehicle formats that currently appear in USP monograph titles are:
[DRUG]
[DRUG]
[DRUG]
[DRUG]

in Dextrose Injection
in Dextrose and Sodium Chloride Injection
in Lactated Ringer's and Dextrose Injection
in Sodium Chloride Injection

[DRUG] Injection e.g. Epinephrine Injection, Fluorouracil Injection
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[DRUG] for Injection e.g. Nafcillin for Injection, Theophylline in Dextrose Injection
[DRUG] Injectable Emulsion e.g. Propofol Injectable Emulsion
[DRUG] Injectable Suspension e.g. Meroxyprogesterone Acetate Injectable Suspension,
Triamcinolone Acetonide Injectable Suspension
[DRUG] for Injectable Suspension e.g. Spectinomycin for Injectable Suspension
[DRUG] Extended-release Injectable Suspension e.g. Paliperidone Palmitate Extendedrelease Injectable Suspension
[DRUG] for Extended-release Injectable Suspension e.g. Naltrexone for Extended-release
Injectable Suspension
Inserts
[DRUG][ROUTE OF ADMINISTRATION] Inserts e.g. Clindamycin Phosphate Vaginal Inserts,
Estradiol Vaginal Inserts
[DRUG][ROUTE OF ADMINISTRATION] Extended-release Inserts e.g. Dinoprostone Vaginal
Extended-release Inserts
Irrigations
[DRUG] [ROUTE OF ADMINISTRATION] Irrigation e.g. Dimethyl Sulfoxide Irrigation, Glycine
Irrigation, Acetic Acid Irrigation, Sodium Chloride Irrigation, Intraocular Irrigation
Lipid Complexes
[DRUG] Lipid Complex Type X [DOSAGE FORM]
The first lipid complex approved for a particular drug and dosage form is assumed to be type
A, and the type is not given (i.e., “Type-A” is not included). For subsequent products of the
same drug and dosage form, the type is listed and “X” is replaced sequentially with B, C, D,…
Z.
Liposomes
[DRUG] Liposome Type X [DOSAGE FORM] or
[DRUG] Pegylated Liposome Type X [DOSAGE FORM]
The first liposomal product approved for a particular drug and dosage form is assumed to be
type A and the type is not given (i.e., “Type-A” is not included). For subsequent products of
the same drug and dosage form, the type is listed and “X” is replaced sequentially with B, C,
D,…Z.
Lotions
DRUG] Lotion e.g. Betamethasone Valerate Lotion, Triamcinolone Acetonide Lotion
Lozenges
[DRUG] Lozenge e.g. Clotrimazole Lozenges, Fentanyl Lozenges
Ointments
[DRUG] [ROUTE OF ADMINISTRATION] Ointment
[DRUG] Ointment e.g. Bacitracin Ointment, Fluocinolone Acetonide Ointment
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[DRUG] Nasal Ointment e.g. Mupirocin Nasal Ointment
[DRUG] Ophthalmic Ointment e.g. Neomycin and Polymyxin B Sulfates and Bacitracin
Ophthalmic Ointment, Vidarabine Ophthalmic Ointment
Pastes
[DRUG] [ROUTE OF ADMINISTRATION] Paste e.g. Zinc Oxide Paste Powders
Powders
[DRUG] [ROUTE OF ADMINISTRATION] Powder e.g. Cromolyn Sodium Inhalation Powder,
Sodium Bicarbonate Oral Powder, Nystatin Topical Powder
Radiopharmaceuticals
[DRUG] [ISOTOPE] {ROUTE OF ADMINISTRATION}8 [DOSAGE FORM] e.g. Urea C 14
Capsules, Fludeoxyglucose F 18 Injection
[DRUG] [ISOTOPE] [LIGAND] {ROUTE OF ADMINISTRATION} [DOSAGE FORM] e.g. Indium
In 111 Pentetate Injection, Technetium Tc 99m Sestamibi Injection
Rinses
[DRUG] Oral Rinse e.g. Chlorhexidine Gluconate Oral Rinse
Shampoos (Medicated)
[DRUG] Shampoo e.g. Lindane Shampoo
Soaps (Medicated)
[DRUG] Soap
Solutions
[DRUG] {FOR} [ROUTE OF ADMINISTRATION] Solution
[DRUG] for Effervescent Oral Solution
[DRUG] Effervescent Tablets for Oral Solution
[DRUG] Inhalation Solution e.g. Isoproterenol Sulfate Inhalation Solution
[DRUG] for Inhalation Solution e.g. Ribavirin for Inhalation Solution
[DRUG] Solution for Inhalation
[DRUG] Intraocular Solution e.g. Carbachol Intraocular Solution
[DRUG] Intravesical Solution e.g. Valrubicin Intravesical Solution
[DRUG] Nasal Solution e.g. Cromolyn Sodium Nasal Solution
[DRUG] Metered Nasal Solution
[DRUG] Ophthalmic Solution e.g. Fluorescein Sodium and Benoxinate Hydrochloride
Ophthalmic Solution, Methylcellulose Ophthalmic Solution, Tobramycin Ophthalmic Solution
[DRUG] for Ophthalmic Solution e.g. Echothiophate Iodide for Ophthalmic Solution
[DRUG] Oral Solution e.g. Guaifenesin Oral Solution, Oxycodone Hydrochloride Oral Solution,
Potassium Chloride Oral Solution
[DRUG] for Oral Solution e.g. Penicillin V Potassium for Oral Solution. Vancomycin
Hydrochloride for Oral Solution

49
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[DRUG] Otic Solution e.g. Acetic Acid Otic Solution, Carbamide Peroxide Otic Solution,
Neomycin and Polymyxin B Sulfates and Hydrocortisone Otic Solution
[DRUG] for Otic Solution
[DRUG] Rectal Solution
[DRUG] Topical Solution e.g. Clotrimazole Topical Solution, Coal Tar Topical Solution,
Hydrogen Peroxide Topical Solution, Lidocaine Hydrochloride Topical Solution
[DRUG] for Topical Solution e.g. Mafenide Acetate for Topical Solution
[DRUG] {QUALIFIER} Solution e.g. Povidone–Iodine Cleansing Solution, Glutaral Disinfectant
Solution, Indium In 111 Chloride Solution, Lactulose Solution
Sprays
[DRUG] [ROUTE OF ADMINISTRATION] Spray
[DRUG] Inhalation Spray
[DRUG] Lingual Spray e.g. Nitroglycerin Lingual Spray
[DRUG] Nasal Spray e.g. Fluticasone Propionate Nasal Spray, Sumatriptan Nasal Spray
[DRUG] Oral Spray
[DRUG] Topical Spray
[DRUG] Metered Topical Spray
Suppositories
[DRUG] Suppositories e.g. Acetaminophen Suppositories, Glycerin Suppositories,
Prochlorperazine Suppositories
Suspensions
[DRUG] Inhalation Suspension
[DRUG] for Inhalation Suspension
[DRUG] Suspension for Inhalation
[DRUG] Ophthalmic Suspension
[DRUG] for Ophthalmic Suspension
[DRUG] Oral Suspension
[DRUG] Delayed-release Oral Suspension
[DRUG] Extended-release Oral Suspension
[DRUG] for Oral Suspension
[DRUG] for Delayed-release Oral Suspension
[DRUG] for Extended-release Oral Suspension
[DRUG] Otic Suspension
[DRUG] for Otic Suspension
[DRUG] Rectal Suspension
[DRUG] Topical Suspension
[DRUG] for Topical Suspension
Systems
[DRUG] {ORGAN} {ROUTE OF ADMINISTRATION} System
Route of administration for the systems can include: intrauterine, ocular, oral mucosal,
periodontal, transdermal and iontophoretic transdermal. e.g. Clonidine Transdermal System,
Minocycline Periodontal System, Estradiol Transdermal System, Hydroxypropyl Cellulose Ocular
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System, Progesterone Intrauterine Contraceptive System
Tablets
[DRUG] {RELEASE CHARACTERISTICS} {UNIQUE DESCRIPTOR} {SITE OF DELIVERY}
Tablets
[DRUG] Tablets e.g. Hydrochlorothiazide Tablets
[DRUG] Buccal Tablets e.g. Nitroglycerin Buccal Tablets
[DRUG] Chewable Tablets e.g. Acetaminophen Chewable Tablets
[DRUG] Delayed-release Tablets e.g.
[DRUG] Extended-release Tablets e.g. Zolpidem Tartrate Extended-release Tablets
[DRUG] Orally Disintegrating Tablets e.g. Hyoscyamine Sulfate Orally Disintegrating Tablets
[DRUG] Sublingual Tablets e.g. Nitroglycerin Sublingual Tablets
[DRUG] Tablets for Oral Solution e.g.
[DRUG] Effervescent Tablets for Oral Solution e.g. Aspirin Effervescent Tablets for Oral
Solution
[DRUG] Tablets for Oral Suspension e.g., Pantoprazole Sodium Delayed-release Tablets
VETERINARY PREPARATIONS
Boluses
[DRUG] Boluses e.g. Amoxicillin Boluses, Ampicillin Boluses
Concentrates
[DRUG] Oral Concentrate Solution e.g. Tiamulin Oral Concentrate Solution
[DRUG] Concentrate for Dip e.g. Amitraz Concentrate for Dip
Granules
[DRUG] {ROUTE OF ADMINISTRATION} Granules e.g. Flunixin Meglumine Granules
Infusions
[DRUG] [ROUTE OF ADMINISTRATION] Infusion e.g. Amoxicillin Intramammary Infusion,
Erythromycin Intramammary Infusion, Gentamicin Uterine Infusion
Pastes
[DRUG] [ROUTE OF ADMINISTRATION] Paste e.g. Ivermectin Paste
Compounded Veterinarty Articles
Compounded drugs that have no equivalent for human use are distinguished by the word
“veterinary” in the name, placed after a coma.
[DRUG] [ROUTE OF ADMINISTRATION] [DOSAGE FORM], Veterinary e.g. Potassium
Bromide Oral Solution, Veterinary; Sodium Bromide Injection, Veterinary; Sodium Bromide Oral
Solution, Veterinary; Pergolide Oral Suspension, Veterinary; Methylene Blue Injection,
Veterinary
BIOLOGICS
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Proteins and Polysaccharides
[DRUG] [ROUTE OF ADMINISTRATION] [DOSAGE FORM] e.g. Oxytocin Injection,
Gonadorelin for Injection, Lypressin Nasal Solution, Heparin Sodium Injection
Vaccines
[DISEASE] Vaccine [TYPE] e.g. Anthrax Vaccine Adsorbed, Mumps Virus Vaccine Live,
Poliovirus Vaccine Inactivated, Rabies Vaccine
Antivenins
Antivenin (LATIN BINOMIAL OR GENUS) [TYPE] e.g. Antivenin (Crotalidae) Polyvalent,
Antivenin (Latrodectus mactans), Antivenin (Micrurus fulvius)
Cell, Gene, and Tissue Therapies
[PRIMARY CHARACTERISTIC] [SPECIES] [ORIGIN] [OTHER CHARACTERISTICS] [OTHER
MODIFIERS] e.g. Construct Human Fibroblasts in Polyglatin Scaffold, Construct Human
Fibroblasts in Bilayer Synthetic Scaffold, Construct Human Keratinocytes and Fibroblasts in
Bovine Collagen Scaffold, Scaffold Porcine Small Intestinal Submucosa, Scaffold Human
Dermis, Scaffold Bovine Tendon Collagen Cylindrical
EXCIPIENTS
Synthetic or Semisynthetic Substances
[CHEMICAL OR COMMON NAME] e.g. Xylitol, Cellulose Acetate, Diethyl Phthalate
Substances from Natural Sources
[SOURCE] {FORM} e.g. Carnauba Wax, Palm Oil, Cocoa Butter, Potato Starch
Modified Natural Substances
[MODIFIER] {SOURCE} [EXCIPIENT] e.g. Microcrystalline Wax, Hydrogenated Coconut Oil,
Purified Siliceous Earth, Pregelatinized Starch, Activated Charcoal
Manufactured Mixtures
{MODIFIER} {SOURCE} [EXCIPIENT] e.g. Microcrystalline Cellulose and
Carboxymethylcellulose Sodium
Synthetic Polymers
[MONOMER(S)] {MODIFIER} {FORM} e.g. Methacrylic Acid Copolymer, Carbomer
Interpolymer, Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Historical Compounding Aids
[COMMON NAME] e.g. Stronger Rose Water, Hydrophilic Ointment, Hydrophilic Petrolatum,
White Ointment, White Petrolatum, Yellow Ointment, Cherry Juice, Chocolate Syrup, Sweet
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Orange Peel Tincture, Aromatic Elixir
Modern Compounding Aids
[PREPARATION] [FORM] {MODIFIER} e.g. Vehicle for Oral Suspension; Vehicle for Oral
Solution; Vehicle for Oral Solution, Sugar Free; Polyethylene Glycol Ointment; Suspension
Structured Vehicle; Sugar-free Suspension Structured Vehicle
DIETARY SUPPLEMENTS
Raw Materials
The compendial name of a botanical material usually is based on the Standard Common Name
(SCN) in English ([1 CFR 101.4(h)]. SCNs are published in Herbs of Commerce by the
American Herbal Products Association. If the SCN is not available, the Latin binomial name is
used.
{SCN} {LATIN BINOMIAL} {PLANT PART} e.g. Horse Chestnut, Echinacea Purpurea Aerial
Parts, Echinacea Purpurea Root
Dietary Ingredients
[PROCESS] {SCN} {LATIN BINOMIAL} {PLANT PART} e.g. Powdered Goldenseal, Powdered
Asian Ginseng Extract, Powdered Ashwagandha Root
In-process Materials
[PROCESS] {SCN} {LATIN BINOMIAL} {PLANT PART} [FORM] e.g. Powdered Turmeric
Extract, Powdered Soy Isoflavones Extract, Powdered Decaffeinated Green Tea Extract,
Native Guggul Extract, Purified Guggul Extract, Powdered Echinacea pallida Extract, Tomato
Extract Containing Lycopene, Grape Seeds Oligomeric Proanthocyanidins, Capsicum Oleoresin
Dietary Supplements
[DIETARY INGREDIENT] [FORM] e.g. Glucosamine, Chondroitin Sulfate Sodium, and
Methylsulfonylmethane Tablets, Garlic Delayed-Release Tablets, Vitamin A Oral Liquid
Preparation, Milk Thistle Capsules, Fish Oil Containing Omega-3 Acids Capsules, Oil- and
Water-Soluble Vitamins with Minerals Oral Solution, Cod Liver Oil Capsules
USP36

1 The term “generic” has been widely used in place of the more accurate and descriptive term “nonproprietary”
with reference to drug nomenclature.
2USP Dictionary of USAN and International Drug Names is obtainable on order from U.S. Pharmacopeia,
C ustomer Service Department, 12601 Twinbrook Parkway, Rockville, MD 20852.
3 F.D.&C . Act, Sec. 508 [358].
4 53 Fed. Reg. 5369 (1988) amending 21 C FR § 299.4.
1 The term “generic” has been widely used in place of the more accurate and descriptive term
“nonproprietary” with reference to drug nomenclature.
2 A compilation of the U.S. Adopted Names (USAN) published from the start of the USAN program in 1961, as
well as other names for drugs, both current and retrospective is provided in the USP Dictionary of USAN and
International Drug Names.
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3 53 Fed. Reg. 5369 (1988) amending 21 C FR } 299.4.
4 The USP Dictionary of USAN and International Drug Names serves as a book of names useful for identifying
and distinguishing all kinds of names for drugs, whether public, proprietary, chemical, or code-designated
names. The dictionary is obtainable on order from U.S. Pharmacopeia, C ustomer Service Department, 12601
Twinbrook Parkway, Rockville, MD 20852.
5 The name of the Expert C ommittee has been changed over the years. Previous names have included:
Nomenclature Expert C ommittee, Nomenclature and Labeling Expert C ommittee. It is presently the
Nomenclature, Safety, and Labeling Expert C ommittee.
6 53 Fed. Reg. 5369 (1988) amending 21 C FR } 299.4.
7 When curly brackets are used, it indicates that the term may not be applicable. For example, in the case of
emulsions, if no route of administration is given, emulsions are topical by default. All other routes of
administration shall be specified.
8 Ibid., sometimes route of administration may not be applicable for certain dosage forms; for example all
capsules are oral. For other products the route of administration shall be specified.

BRIEFING
-Cyclodextrin. It is proposed to add this new reagent used to prepare the Buffer in the
test for Organic Impurities in the new monograph for Sertraline Hydrochloride Oral Solution,
published elsewhere in this issue of PF.
(SM4: H. Ramanathan.)

Correspondence Number—C96811

Comment deadline: March 31, 2012
Add the following:
-Cyclodextrin ( -Schardinger dextrin; Cycloheptaamylose), C42 H70 O35 ·xH2 O—1134.98
(anhydrous) [68168-23-0]—Use a suitable hydrate grade. USP36
BRIEFING
5-Methoxy-1H-benzimidazole-2-thiol. It is proposed to add this new reagent used to
prepare the Peak identification solution in the test for Organic Impurities in the monograph for
Omeprazole Delayed-Release Capsules.
(HDQ: M. Marques.)

Correspondence Number—C101207

Comment deadline: March 31, 2012
Add the following:
5-Methoxy-1H-benzimidazole-2-thiol (5-Methoxy-2-benzimidazolethiol), C8 H8 N2 OS
—180.23 [37052-78-1]—Use a suitable grade with a content of NLT 99.0%. USP36
BRIEFING
Pentafluoropropanoic Acid. It is proposed to add this new reagent used to prepare the
Mobile phase in the test for Content of Gentamicins in the monograph for Gentamicin Sulfate,
published elsewhere in this issue of PF.
(HDQ: M. Marques.)

Correspondence Number—C103135

Comment deadline: March 31, 2012
Add the following:
Pentafluoropropanoic Acid (Pentafluoropropionic Acid), C3 HF 5 O2 —164.03 [422-64-0]—
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Use a suitable grade with a content of NLT 97%.

USP36

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, USP 34 page 985, page 5260 of the
Second Supplement, and PF 37(6) [Nov.–Dec. 2011].
(HDQ.)
Correspondence Number—C99997; C97831; C87442; C99021
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Amlodipine and Benazepril Hydrochloride Capsules W

USP36

Add the following:
Didanosine Delayed-Release Capsules

W

USP36

Add the following:
Tadalafil Tablets

T

Add the following:
Trospium Chloride Tablets

T, LR

USP36

USP36

BRIEFING
Description and Relative Solubility of USP and NF Articles, USP 34 page 994, page 5270
of the Second Supplement, page 1343 of PF 35(5) [July–Aug. 2009], page 271 of PF 36(1)
[Jan.–Feb. 2010], page 578 of PF 36(2) [Mar.–Apr. 2010], page 1396 of PF 36(5) [Sept.–Oct.
2010], page 1782 of PF 36(6) [Nov.–Dec. 2010], and PF 37(1) [Jan.–Feb. 2011], PF 37(3)
[May–Jun. 2011], PF 37(4) [July–Aug. 2011], PF 37(5) [Sept.–Oct. 2011], and PF 37(6) [Nov.–
Dec. 2011].
(HDQ.)
Correspondence Number—C108581; C107868; C97938; C110601; C110858; C89835
Change to read:
Benzaldehyde: Colorless, strongly refractive liquid. having an odor resembling that of bitter
almond oil, and having a burning, aromatic taste
NF31
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Is affected by light. Slightly soluble in water. Miscible with alcohol, with ether, and with fixed
and volatile oils.
The specific gravity is 1.041–1.046 at 25 (see Specific Gravity
index is 1.544–1.546 at 20 (see Refractive Index

831 ).

841 ), and the refractive

NF31

NF category: Flavors and perfumes.
Add the following:
Caprylic Acid: Clear, colorless or slightly yellowish, oily liquid. Very soluble in acetone and in
alcohol; very slightly soluble in water. It dissolves in dilute solutions of alkali hydroxides. NF
category: Emulsifying and/or solubilizing agent. NF31
Change to read:
Clopidogrel Bisulfate: White to off-white powder. Freely soluble in water and in methanol;
practically insoluble in ether.
Freely soluble at pH 1; practically insoluble at neutral pH. USP36
Add the following:
Fexofenadine Hydrochloride: White to off-white powder. Freely soluble in methanol; slightly
soluble in water; very slightly soluble in acetone. USP36
Change to read:
Rosiglitazone Maleate: White to off-white solid. Soluble in alcohol and in a buffered aqueous
solution with a pH of 2.3.
USP36

Sparingly soluble in alcohol; slightly soluble in methylene chloride; practically insoluble to very
slightly soluble in water.
Add the following:
Tadalafil: White or almost white powder. Freely soluble in dimethyl sulfoxide; slightly soluble in
methylene chloride; practically insoluble in water. USP36
BRIEFING
Gymnema; Powdered Gymnema; Native Gymnema Extract; and Purified Gymnema
Extract. Because there are currently no USP monographs for these dietary supplements,
new monographs are being proposed. The liquid chromatographic procedure in the test for
Content of Gymnemic Acids is based on analyses performed with the Phenomenex Luna C18
or Merck Lichrospher RP-18e brands of column containing 5-µm packing L1. The typical
retention times for deacylgymnemic acid and gymnemagenin are about 4.7 and 9.4 min,
respectively.
(DSB: M. Sharaf.)
Correspondence Number—C105137

Comment deadline: March 31, 2012
Add the following:
Gymnema
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DEFINITION
Gymnema consists of the dried leaves of Gymnema sylvestre (Retz.) R. Br. ex Schult. (Fam.
Asclepiadaceae). It contains NLT 1.0% of gymnemic acids, calculated as gymnemagenin on the
dried basis.
IDENTIFICATION
• A. Meets the requirements for Specific Tests, Botanic Characteristics
• B. HPLC
Analysis: Proceed as directed in the test for Content of Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample solution shows a major peak at a
retention time corresponding to that of the gymnemagenin peak in the chromatogram of
Standard solution A. Identify other peaks in the Sample solution chromatogram by
comparison with the chromatogram of Standard solution B and the Reference
Chromatogram provided with the lot of USP Native Gymnema Extract RS being used. The
Sample solution chromatogram shows an additional peak corresponding to deacylgymnemic
acid.
COMPOSITION
• Content of Gymnemic Acids
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
20
45
55
25
40
60
30
40
60
35
75
25
40
75
25
Solvent: 50% ethanol in water
Potassium hydroxide solution: 12% potassium hydroxide in water
Hydrochloric acid solution: 4 N hydrochloric acid
Standard solution A: 0.3 mg/mL of USP Gymnemagenin RS in methanol
Standard solution B: Transfer about 0.25 g of USP Native Gymnema Extract RS to a 100mL round-bottom flask fitted with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux on a water bath for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water bath for 2 h, and
cool to room temperature. Adjust the solution with Potassium hydroxide solution to a pH
of 7.5–8.5, transfer to a 50-mL volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter having a 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.
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Sample solution: Transfer about 0.75 g of Gymnema, finely powdered and accurately
weighed, to a 100-mL round-bottom flask fitted with a reflux condenser. Add 25 mL of
Solvent and 2 mL of Potassium hydroxide solution, reflux on a water bath for 1 h, and cool
to room temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water bath for
2 h, and cool to room temperature. Adjust the solution with Potassium hydroxide solution
to a pH of 7.5–8.5, filter into a 100-mL volumetric flask, dilute with Solvent to volume, and
mix. Before injection, pass through a membrane filter having a 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 210 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; 5-µm, 100

, packing L1

Column temperature: 25 ± 1
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the Reference Chromatogram provided with the lot of USP Native Gymnema Extract RS
being used.
Tailing factor: NMT 1.5 for the gymnemagenin peak, Standard solution A
Relative standard deviation: NMT 2.0% for the gymnemagenin peak, Standard
solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the Reference
Chromatogram provided with the lot of USP Native Gymnema Extract RS being used,
identify the retention times of the peaks corresponding to deacylgymnemic acid and
gymnemagenin from the Sample solution.
Calculate the percentage of gymnemic acids, calculated as gymnemagenin, in the portion
of Gymnema taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of gymnemagenin from the Sample solution
rS= peak area of gymnemagenin from Standard solution A
C=
S concentration of USP gymnemagenin RS in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Gymnema used to prepare the Sample solution (mg)
Acceptance criteria: NLT 1.0% on the dried basis
CONTAMINANTS
• Heavy Metals, Method III

231 : NMT 20 µg/g

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis

561 : Meets
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the requirements
• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: Leaves opposite; petiolate; simple, elliptic or ovate, acute apex, margin
entire, acute to acuminate at base; reticulate venation; pubescent on both surfaces, the
dorsal surface is more pubescent; about 2–6 cm long, 1–4 cm broad; upper surface is
yellowish-brown, lower surface is dark green; bitter taste, when chewed has the property
of paralyzing the sense of taste for a few hours for both sweet and bitter substances and
in particular sweet substances. Pharmacopeial article consists of dry, brittle, and green to
yellowish-green leaves.
Microscopic
Transverse section of petiole: Horse-shoe shaped. Trichomes present profusely all over
the periphery, and are uniseriate, multicellular and thick walled. A layer of epidermis,
thick walled cells; 4–5 layers of collenchymatous cortex; and inner parenchyma. The
vascular bundles occur as an arc in the middle, three in number—two small lateral, and
one large median. The median bundle consists of xylem elements arranged in radial rows,
surrounded by phloem. Xylem consists of vessel elements, tracheids, and fibers. Rosette
crystals are present in the collenchyma and parenchyma cells, with more in the cells
toward the center. The starch grains are polygonal, simple or compound, in two to many
in groups, hilum indistinct.
Transverse section of lamina: Upper and lower epidermal cells, thin wall, covered with
thin striated cuticle. Trichomes are present on both surfaces, uniseriate, uni- to
tricellular, and thick walled. A single layer of palisade below the upper epidermis occupies
one-third of the thickness of the lamina, followed by 3–5 layers of parenchyma cells with
large intercellular spaces.
Transverse section of midrib: Upper and lower epidermal cells, thin wall, covered with
thin striated cuticle. Trichomes are present, uniseriate, uni- to tricellular, and thick
walled, followed by 4–5 layers of compact parenchyma cells on both sides of the midrib;
collateral vascular bundles are present, forming an arc shape.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method I
• Articles of Botanical Origin, Water-Soluble Extractives, Method I
• Loss on Drying 731
Sample: 1.0 g of finely powdered Gymnema
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of finely powdered Gymnema
Acceptance criteria: NMT 15%

561 : NLT 20%
561 : NLT 20%

PF 38(1): Jan.-Feb. 2012

60

• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 1.0 g of finely powdered Gymnema
Acceptance criteria: NMT 2.0%

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture. Store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant contained in the article.
• USP Reference Standards 11
USP Gymnemagenin RS
USP Native Gymnema Extract RS
USP36

BRIEFING
Native Gymnema Extract. See briefing under Gymnema.
(DSB: M. Sharaf.)
Correspondence Number—C105139

Comment deadline: March 31, 2012
Add the following:
Native Gymnema Extract
DEFINITION
Native Gymnema Extract is prepared from Gymnema using hydroalcoholic mixtures. The ratio of
plant material to extract is about 8:1. It contains NLT 5.0% of gymnemic acids, calculated as
gymnemagenin on the dried basis.
IDENTIFICATION
• A. HPLC
Analysis: Proceed as directed in the test for Content of Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample solution shows a major peak at a
retention time corresponding to that of gymnemagenin in the chromatogram of Standard
solution A. Identify other peaks in the Sample solution chromatogram by comparison with
the chromatogram of Standard solution B and the Reference Chromatogram provided with
the lot of USP Native Gymnema Extract RS being used. The Sample solution chromatogram
shows an additional peak corresponding to deacylgymnemic acid.
COMPOSITION
• Content of Gymnemic Acids
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
20
45
55
25
40
60
30
40
60
35
75
25
40
75
25
Solvent: 50% ethanol in water
Potassium hydroxide solution: 12% potassium hydroxide in water
Hydrochloric acid solution: 4 N hydrochloric acid
Standard solution A: 0.3 mg/mL of USP Gymnemagenin RS in methanol
Standard solution B: Transfer about 0.25 g of USP Native Gymnema Extract RS to a 100mL round-bottom flask fitted with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux on a water bath for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water bath for 2 h, and
cool to room temperature. Adjust the solution with Potassium hydroxide solution to a pH
of 7.5–8.5, transfer to a 50-mL volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter having a 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.
Sample solution: Transfer an amount of Native Gymnema Extract equivalent to about 30
mg of gymnemic acids to a 100-mL round-bottom flask fitted with a reflux condenser. Add
25 mL of Solvent and 2 mL of Potassium hydroxide solution, reflux on a water bath for 1 h,
and cool to room temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water
bath for 2 h, and cool to room temperature. Adjust the solution with Potassium hydroxide
solution to a pH of 7.5–8.5, transfer to a 100-mL volumetric flask, dilute with Solvent to
volume, and mix. Before injection, pass through a membrane filter having a 0.45-µm or
finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 210 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; 5-µm, 100

, packing L1

Column temperature: 25 ± 1
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the Reference Chromatogram provided with the lot of USP Native Gymnema Extract RS
being used.
Tailing factor: NMT 1.5 for the gymnemagenin peak, Standard solution A
Relative standard deviation: NMT 2.0% determined from the gymnemagenin peak in
repeated injections, Standard solution A
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Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the Reference
Chromatogram provided with the lot of USP Native Gymnema Extract RS being used,
identify the retention times of the peaks corresponding to deacylgymnemic acid and
gymnemagenin from the Sample solution.
Calculate the percentage of gymnemic acids, calculated as gymnemagenin, in the portion
of Native Gymnema Extract taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of gymnemagenin from the Sample solution
rS= peak area of gymnemagenin from Standard solution A
C=
S concentration of USP Gymnemagenin RS in Standard solution A (mg/mL)
C=
U concentration of Native Gymnema Extract in the Sample solution (mg/mL)
Acceptance criteria: NLT 5.0% on the dried basis
CONTAMINANTS
• Heavy Metals, Method III

231 : NMT 20 µg/g

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Loss on Drying 731
Sample: 1.0 g of Native Gymnema Extract
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Native Gymnema Extract
Acceptance criteria: NMT 8%
• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 1.0 g of Native Gymnema Extract
Acceptance criteria: NMT 2.0%

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture. Store at controlled room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived. It meets other labeling requirements under
Botanical Extracts

565 .
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• USP Reference Standards 11
USP Gymnemagenin RS
USP Native Gymnema Extract RS
USP36

BRIEFING
Powdered Gymnema. See briefing under Gymnema.
(DSB: M. Sharaf.)
Correspondence Number—C105138

Comment deadline: March 31, 2012
Add the following:
Powdered Gymnema
DEFINITION
Powdered Gymnema is Gymnema reduced to powder or very fine powder. It contains NLT 1.0%
of gymnemic acids, calculated as gymnemagenin on the dried basis.
IDENTIFICATION
• A. Meets the requirements for Specific Tests, Botanic Characteristics
• B. HPLC
Analysis: Proceed as directed in the test for Content of Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample solution shows a major peak at a
retention time corresponding to that of gymnemagenin in the chromatogram of Standard
solution A. Identify other peaks in the Sample solution chromatogram by comparison with
the chromatogram of Standard solution B and the Reference Chromatogram provided with
the lot of USP Native Gymnema Extract RS being used. The Sample solution chromatogram
shows an additional peak corresponding to deacylgymnemic acid.
COMPOSITION
• Content of Gymnemic Acids
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
20
45
55
25
40
60
30
40
60
35
75
25
40
75
25
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Solvent: 50% ethanol in water
Potassium hydroxide solution: 12% potassium hydroxide in water
Hydrochloric acid solution: 4 N hydrochloric acid
Standard solution A: 0.3 mg/mL of USP Gymnemagenin RS in methanol
Standard solution B: Transfer about 0.25 g of USP Native Gymnema Extract RS to a 100mL round-bottom flask fitted with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux on a water bath for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water bath for 2 h, and
cool to room temperature. Adjust the solution with Potassium hydroxide solution to a pH
of 7.5–8.5, transfer to a 50-mL volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter having a 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.
Sample solution: Transfer about 0.75 g of Powdered Gymnema, accurately weighed, to a
100-mL round-bottom flask fitted with a reflux condenser. Add 25 mL of Solvent and 2 mL
of Potassium hydroxide solution, reflux on a water bath for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water bath for 2 h, and
cool to room temperature. Adjust the solution with Potassium hydroxide solution to a pH
of 7.5–8.5, filter into a 100-mL volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter having a 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 210 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; 5-µm, 100

, packing L1

Column temperature: 25 ± 1
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the Reference Chromatogram provided with the lot of USP Native Gymnema Extract RS
being used.
Tailing factor: NMT 1.5 for the gymnemagenin peak, Standard solution A
Relative standard deviation: NMT 2.0% for the gymnemagenin peak, Standard
solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the Reference
Chromatogram provided with the lot of USP Native Gymnema Extract RS being used,
identify the retention times of the peaks corresponding to deacylgymnemic acid and
gymnemagenin from the Sample solution.
Calculate the percentage of gymnemic acids, calculated as gymnemagenin, in the portion
of Powdered Gymnema taken:
Result = (rU/rS) × CS × (V/W) × 100
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Result = (rU/rS) × CS × (V/W) × 100

rU= peak area of gymnemagenin from the Sample solution
rS= peak area of gymnemagenin from Standard solution A
C=
S concentration of USP Gymnemagenin RS in Standard solution A (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Gymnema used to prepare the Sample solution (mg)
Acceptance criteria: NLT 1.0% on the dried basis
CONTAMINANTS
• Heavy Metals, Method III

231 : NMT 20 µg/g

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of specified microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanic Characteristics
Microscopic
Under a microscope, it shows fragments of upper and lower epidermal cells, polygonal, thin
and straight walls, covered with striated cuticle, anomocytic stomata; trichomes are
present on both surfaces, uniseriate, uni- to tricellular, and thick walled; fragments of
collenchyma and parenchyma cells, some containing rosettes of calcium oxalate; starch
grains, polygonal, simple or compound, hilum indistinct; fragments of reticulate and spiral
vessels, and tracheids.
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method I
• Articles of Botanical Origin, Water-Soluble Extractives, Method I

561 : NLT 20%
561 : NLT 20%

• Loss on Drying 731
Sample: 1.0 g of Powdered Gymnema
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 7.0%
• Articles of Botanical Origin, Total Ash
Sample: 1.0 g of Powdered Gymnema
Acceptance criteria: NMT 15%

561

• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 1.0 g of Powdered Gymnema
Acceptance criteria: NMT 2.0%

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture. Store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
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plant used to prepare the article.
• USP Reference Standards 11
USP Gymnemagenin RS
USP Native Gymnema Extract RS
USP36

BRIEFING
Purified Gymnema Extract. See briefing under Gymnema.
(DSB: M. Sharaf.)
Correspondence Number—C105768

Comment deadline: March 31, 2012
Add the following:
Purified Gymnema Extract
DEFINITION
Purified Gymnema Extract is prepared from Native Gymnema Extract by precipitation using dilute
hydrochloric acid solution. The ratio of plant material to extract is about 25:1. It contains NLT
90.0% and NMT 110.0% of the labeled amount of gymnemic acids, calculated as gymnemagenin
on the dried basis. It may contain suitable added substances as carriers.
IDENTIFICATION
• A. HPLC
Analysis: Proceed as directed in the test for Content of Gymnemic Acids.
Acceptance criteria: The chromatogram of the Sample solution shows a major peak at a
retention time corresponding to that of gymnemagenin in the chromatogram of Standard
solution A. Identify other peaks in the Sample solution chromatogram by comparison with
the chromatogram of Standard solution B and the Reference Chromatogram provided with
the lot of USP Native Gymnema Extract RS being used. The Sample solution chromatogram
shows an additional peak corresponding to deacylgymnemic acid.
COMPOSITION
• Content of Gymnemic Acids
Solution A: Dissolve 0.14 g of anhydrous potassium dihydrogen phosphate in 900 mL of
water, and add 0.5 mL of phosphoric acid. Dilute with water to 1000 mL, mix, filter, and
degas.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
20
45
55
25
40
60
30
40
60
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35
40

75
75

25
25

Solvent: 50% ethanol in water
Potassium hydroxide solution: 12% potassium hydroxide in water
Hydrochloric acid solution: 4 N hydrochloric acid
Standard solution A: 0.3 mg/mL of USP Gymnemagenin RS in methanol
Standard solution B: Transfer about 0.25 g of USP Native Gymnema Extract RS to a 100mL round-bottom flask fitted with a reflux condenser. Add 25 mL of Solvent and 2 mL of
Potassium hydroxide solution, reflux on a water bath for 1 h, and cool to room
temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water bath for 2 h, and
cool to room temperature. Adjust the solution with Potassium hydroxide solution to a pH
of 7.5–8.5, transfer to a 50-mL volumetric flask, dilute with Solvent to volume, and mix.
Before injection, pass through a membrane filter having a 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.
Sample solution: Transfer an amount of Purified Gymnema Extract equivalent to about 30
mg of gymnemic acids to a 100-mL round-bottom flask fitted with a reflux condenser. Add
25 mL of Solvent and 2 mL of Potassium hydroxide solution, reflux on a water bath for 1 h,
and cool to room temperature. Add 5.5 mL of Hydrochloric acid solution, reflux on a water
bath for 2 h, and cool to room temperature. Adjust the solution with Potassium hydroxide
solution to a pH of 7.5–8.5, transfer to a 100-mL volumetric flask, dilute with Solvent to
volume, and mix. Before injection, pass through a membrane filter having a 0.45-µm or
finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 210 nm
Column: 4.6 mm × 25 cm; 5-µm, 100

, packing L1

Column temperature: 25 ± 1
Flow rate: 1.6 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the Reference Chromatogram provided with the lot of USP Native Gymnema Extract RS
being used.
Tailing factor: NMT 1.5 for the gymnemagenin peak, Standard solution A
Relative standard deviation: NMT 2.0% for the gymnemagenin peak, Standard
solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the Reference
Chromatogram provided with the lot of USP Native Gymnema Extract RS being used,
identify the retention times of the peaks corresponding to deacylgymnemic acid and
gymnemagenin in the Sample solution chromatogram.
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Calculate the percentage (P) of gymnemic acids, calculated as gymnemagenin, in the
portion of Purified Gymnema Extract taken:
P = (rU/rS) × (CS/CU) × 100
rU= peak area of gymnemagenin from the Sample solution
rS= peak area of gymnemagenin from Standard solution A
C=
S concentration of USP gymnemagenin RS in Standard solution A (mg/mL)
C=
U concentration of Purified Gymnema Extract in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of gymnemic acids in the portion of
Purified Gymnema Extract taken:
Result = (P/L) × 100
P= content of gymnemic acids as determined above (%)
L= labeled amount of gymnemic acids (%)
Acceptance criteria: 90%–110% of the labeled amount
CONTAMINANTS
• Heavy Metals, Method III

231 : NMT 20 µg/g

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Loss on Drying 731
Sample: 1.0 g of Purified Gymnema Extract
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 5.0%
• Articles of Botanical Origin, Total Ash 561
Sample: 1.0 g of Purified Gymnema Extract
Acceptance criteria: NMT 8%
• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 1.0 g of Purified Gymnema Extract
Acceptance criteria: NMT 2.0%

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture. Store at controlled room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived. Label it to indicate the content of gymnemic
acids, in percentage. It meets other labeling requirements under Botanical Extracts

565
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.
• USP Reference Standards 11
USP Gymnemagenin RS
USP Native Gymnema Extract RS
USP36

BRIEFING
Excipients, USP and NF Excipients, Listed by Category, NF 29 page 1415, page 5355 of
the Second Supplement, and PF 37(6) [Nov.–Dec. 2011]. It is proposed to add Caprylic Acid to
the Emulsifying and/or Solubilizing Agent category to complement the proposed new monograph
for Caprylic Acid , which appears elsewhere in this issue of PF.
(EM1; EM2.)

Correspondence Number—C107868

In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.
Change to read:
Emulsifying and/or Solubilizing Agent
Caprylic Acid

NF31

BRIEFING
Benzaldehyde, NF 29 page 1446. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Update the chemical names.
2.
Update the Definition.
3.
Add an Identification test based on the IR method.
4.
In the Assay, replace the titration test with an HPLC procedure. The procedure is based
on analyses performed with the Waters YMC ODS-A C-18 brand of L1 column;
benzaldehyde elutes at approximately 12.8 min.
5.
In Impurities, add a GC test for Limit of Ethylbenzene, Cyclohexylmethanol, Benzyl
Alcohol, and Benzoic Acid. The procedure is based on analyses performed with the
Restek Stabilwax brand of G16 column. The retention times of ethylbenzene,
benzaldehyde, cyclohexylmethanol, benzyl alcohol, and benzoic acid are 8.2, 18.1,
18.7, 26.2, and 36.9 min, respectively.
6.
Delete the tests for Specific Gravity and Refractive Index, and add the data to
Description and Solubility for Benzaldehyde.
7.
In Specific Tests, add a test for Water Determination.
8.
In Additional Requirements, update Packaging and Storage.
(EXC: H. Wang.)
Correspondence Number—C108581
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Comment deadline: March 31, 2012
Benzaldehyde
Change to read:

C7 H6 O

106.12

Benzaldehyde
Benzoic aldehyde;
Phenyl formaldehyde

NF31

[100-52-7].
DEFINITION
Change to read:
Benzaldehyde contains NLT 98.0% and NMT 100.5%
NMT 102.0% NF31
of benzaldehyde (C7 H6 O).
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197F

NF31

ASSAY
Change to read:
• Procedure
Solution A: Dissolve 34.7 g of hydroxylamine hydrochloride in 160 mL of water, and dilute
with alcohol to 1000 mL.
Sample solution: Transfer 1 mL of Benzaldehyde to a tared, glass-stoppered weighing
bottle. Loosen the stopper, and transfer the weighing bottle and contents to a 250-mL
conical flask containing 25 mL of Solution A. Rinse down the sides of the flask with 50 mL
of Solution A. Allow to stand for 10 min, and add 1 mL of bromophenol blue TS.
Analysis: Titrate the liberated hydrochloric acid with 1 N sodium hydroxide VS to a light
green endpoint. Perform a blank determination (see Titrimetry, Residual Titrations

541
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). Each mL of 1 N sodium hydroxide is equivalent to 106.1 mg of C7 H6 O.
Acceptance criteria: 98.0%–100.5%
Solvent A: Acetonitrile and glacial acetic acid (1000:1, v/v)
Solvent B: Glacial acetic acid and water (1:1000, v/v)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
18
82
20
60
40
30
60
40
System suitability solution: 0.1 mg/mL of USP Benzoic Acid RS and 0.06 mg/mL of USP
Methylparaben RS in acetonitrile
Standard solution: 0.15 mg/mL of USP Benzaldehyde RS in acetonitrile
Sample solution: 0.15 mg/mL of Benzaldehyde in acetonitrile
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 235 nm

621 , System Suitability.)

Detector temperature: 25
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between benzoic acid and methylparaben, System suitability
solution
Tailing factor: NMT 2.0 for benzoic acid and methylparaben, System suitability
solution
Relative standard deviation: NMT 2.0% for benzaldehyde, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of benzaldehyde (C7 H6 O) in the portion of Benzaldehyde
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzaldehyde from the Sample solution
rS= peak response of benzaldehyde from the Standard solution
C=
S concentration of USP Benzaldehyde RS in the Standard solution (mg/mL)
C=
U concentration of Benzaldehyde in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% NF31
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IMPURITIES
• Limit of Hydrocyanic Acid
Sample solution: Shake 0.5 mL of Benzaldehyde with 5 mL of water, add 0.5 mL of 1 N
sodium hydroxide and 0.1 mL of ferrous sulfate TS, and warm the mixture gently.
Acceptance criteria: Upon the addition of a slight excess of hydrochloric acid, no
greenish-blue color or blue precipitate is produced within 15 min.
• Limit of Nitrobenzene
Sample solution: Dissolve 1 mL of Benzaldehyde in 20 mL of alcohol, and mix with 10 mL of
water.
Analysis: Add 1-g portions of zinc and 1-mL portions of 2 N sulfuric acid, as needed, to
maintain a brisk evolution of hydrogen for 1 h. Filter, evaporate the liquid to 20 mL, and
boil 10 mL of the concentrated liquid with 1 drop of potassium dichromate TS.
Acceptance criteria: No purplish color is produced.
• Chlorinated Compounds
Analysis: Wind a strip of 20-mesh copper gauze 1.5 cm wide and 5 cm long around the end
of a copper wire. Heat the gauze in the nonluminous flame of a Bunsen burner until it
glows without coloring the flame green. Permit the gauze to cool, and heat several times
until a thick coat of oxide has formed. With a medicine dropper, apply 2 drops of
Benzaldehyde to the cooled gauze, ignite, and permit it to burn freely in the air. Again
cool the gauze, add 2 more drops of Benzaldehyde, and burn as before. Repeat this
process until a total of 6 drops have been added and ignited. Then hold the gauze in the
outer edge of the Bunsen flame, adjusted to a height of 4 cm.
Acceptance criteria: Not even a transient green color is imparted to the flame.
Add the following:
• Limit of Ethylbenzene, Cyclohexylmethanol, Benzyl Alcohol, and Benzoic Acid
Sample solution: Neat Benzaldehyde
Standard solution: 0.1% of USP Ethylbenzene RS, 0.1% of USP Cyclohexylmethanol RS,
0.2% of USP Benzoic Acid RS, and 0.2% of USP Benzyl Alcohol RS in the Sample solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused silica capillary, coated with a 0.5-µm layer of phase G16
Temperature
Detector: 310
Injection port: 200
Column: See Table 2.
Table 2
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
5
220
35
Carrier gas: Helium
Flow rate: 1.2 mL/min
Injection volume: 0.1 µL
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Injection type: Splitless injection
System suitability
Sample: Standard solution
[Note—For relative retention times, see Table 3. ]
Table 3
Relative
Retention
Component
Time
Ethylbenzene
0.45
Benzaldehyde
1.00
Cyclohexylmethanol
1.03
Benzyl alcohol
1.45
Benzoic acid
2.04
System suitability requirements
Resolution: NLT 3.0 between benzaldehyde and cyclohexylmethanol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Benzaldehyde taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria
Each individual impurity: NMT 1.0%
Total impurities: NMT 2.0%
NF31

SPECIFIC TESTS
Delete the following:
• Specific Gravity

841 : 1.041–1.046 at 25

NF31

Delete the following:
• Refractive Index

831 : 1.544–1.546 at 20

NF31

Add the following:
• Water Determination, Method I

921 : NMT 1.5%

NF31

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-filled, tight, light-resistant containers.
Store at room temperature, and avoid exposure to excessive heat. NF31
Add the following:
• USP Reference Standards

11
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USP
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Benzaldehyde RS
Benzoic Acid RS
Benzyl Alcohol RS
Cyclohexylmethanol RS
Ethylbenzene RS
Methylparaben RS

NF31

BRIEFING
Caprylic Acid. Because there is no existing NF monograph for this excipient, a new monograph
is proposed based on validated methods of analysis. The test in the Assay is based on a GC
method of analyses performed with the Restek Stabilwax-DA brand of 0.25-mm × 30-m
capillary column bonded with a 0.25-µm layer of G25. The typical retention time for caprylic
acid is 17.8 min. Interested parties are encouraged to comment on the proposal.
(EXC: H. Wang.)
Correspondence Number—C107868

Comment deadline: March 31, 2012
Add the following:
Caprylic Acid

C8 H16 O2

144.21

Octanoic acid;
1-Heptanecarboxylic acid

[124-07-2].

DEFINITION
Caprylic Acid contains NLT 99.0% of caprylic acid (C8 H16 O2 ), calculated on the anhydrous
basis.
IDENTIFICATION
• A. Infrared Absorption 197F
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Standard solution: 10 mg/mL of USP Caprylic Acid RS in ethyl acetate
Sample solution: 10 mg/mL of Caprylic Acid in ethyl acetate
System suitability solution: 10 µg/mL of Caprylic Acid in ethyl acetate, prepared from the
Sample solution
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-cm fused silica capillary column bonded with a 0.25-µm layer of
phase G25
Temperature
Detector: 250
Injection port: 250
Column: See Table 1.
Table 1
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
100
—
100
1
100
5
220
10
Carrier gas: Helium
Flow rate: 1.5 mL/min
Injection volume: 1 µL
Injection type: Split injection. The split ratio is about 1:100.
System suitability
Samples: Standard solution and System suitability solution
Suitability requirement
Relative standard deviation: NMT 2.0%, Standard solution
Signal-to-noise ratio: NLT 5 for the major peak, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of caprylic acid (C8 H16 O2 ) in the portion of Caprylic Acid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of caprylic acid from the Sample solution
rS= peak response of caprylic acid from the Standard solution
C=
S concentration of USP Caprylic Acid RS in the Standard solution (mg/mL)
C=
U concentration of Caprylic Acid in the Sample solution (mg/mL)
Acceptance criteria: NLT 99.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals 231
Sample solution: 12 mL of a 100 mg/mL solution of Caprylic Acid in alcohol
Standard solution 1: 1 mL of Standard Lead Solution (10 µg/mL of Pb), prepared as
directed in the chapter, and 9 mL of alcohol
Standard solution 2: 10 mL of Standard solution 1 and 2 mL of Sample solution
Blank solution: 10 mL of alcohol and 2 mL of Sample solution
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Analysis
Samples: Sample solution, Standard solution 2, and Blank solution
To each of the Samples, add 2 mL of pH 3.5 Acetate Buffer prepared as directed in the
chapter. Mix, and add to 1.2 mL of thioacetamide–glycerin base TS. Examine the solutions
after 2 min.
System suitability
Samples: Standard solution 2 and Blank solution
Suitability requirements: The Standard solution shows a slight brown color compared to
the Blank solution.
Acceptance criteria: The brown color in the Sample solution is not more intense than that
in Standard solution 2, corresponding to NMT 10 µg/g of heavy metals.
• Limit of Related Linear and Branched Alkyl Carboxylic Acids, Related Esters, Cyclic
Esters and Ketone
Standard solution, System suitability solution, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Caprylic Acid taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity in the Sample solution
r=
T sum of all the peaks except the peak due to solvent and peaks below the Disregard limit
(see Table 2) in the Sample solution
Acceptance criteria: See Table 2.
Table 2
Impurity
Percentage (%)
Each individual
NMT 0.3
Total
NMT 0.5
Disregard limit: 0.5 times the area of the major peak from the System suitability solution,
corresponding to 0.05%
SPECIFIC TESTS
• Bacterial Endotoxins Test 85 : The level of bacterial endotoxins is such that the
requirement in the relevant dosage form monograph(s) in which Caprylic Acid is used can
be met. Where the label states that Caprylic Acid must be subjected to further processing
during the preparation of injectable dosage forms, the level of bacterial endotoxins is such
that the requirement in the relevant dosage form monograph(s) in which Caprylic Acid is
used can be met.
• Fats and Fixed Oils, Peroxide Value
• Water Determination, Method Ia

401 : NMT 10.0
921 : NMT 0.7%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
• Labeling: Where Caprylic Acid must be subjected to further processing during the
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preparation of injectable dosage forms to ensure acceptable levels of bacterial endotoxins,
it is so labeled.
• USP Reference Standards
USP Caprylic Acid RS
USP Endotoxin RS

11

NF31

BRIEFING
Caprylocaproyl Polyoxylglycerides, NF 29 page 1463. The following changes are proposed:
1.
Replace the current procedure in the test for Limit of Free Ethylene Oxide and Dioxane
with that in the general test chapter Ethylene Oxide and Dioxane 228 , Method I.
2.
Update the Labeling section to reflect an additional manufacturing process.
3.
Correspondingly, in Table 2 and Table 3, add a column for the nominal value of ethylene
oxide units per molecule.
(EXC: H. Wang.)
Correspondence Number—C104618

Comment deadline: March 31, 2012
Caprylocaproyl Polyoxylglycerides
Former Title: Caprylocaproyl Macrogolglycerides
DEFINITION
Caprylocaproyl Polyoxylglycerides is a mixture of monoesters, diesters, and triesters of glycerol
and monoesters and diesters of polyethylene glycols. The polyethylene glycols used have a
mean molecular weight between 200 and 400. It is produced by partial alcoholysis of mediumchain triglycerides with polyethylene glycol, by esterification of glycerol and polyethylene glycol
with caprylic acid and capric acid, or as a mixture of glycerol esters and ethylene oxide
condensate with caprylic acid and capric acid. It may contain free polyethylene glycols.
IDENTIFICATION
• A. Infrared Absorption 197F
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: 50 mg/mL of USP Caprylocaproyl Polyoxylglycerides RS in methylene
chloride
Sample solution: 50 mg/mL of Caprylocaproyl Polyoxylglycerides in methylene chloride
Application volume: 50 µL
Developing solvent system: Ether and hexanes (7:3)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Then spray the plate with Spray reagent, and locate
the spots on the plate by examination under UV light at a wavelength of 365 nm.
Acceptance criteria: The RF values of the principal spots of the Sample solution
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correspond to those of the Standard solution.
• C. It meets the requirements of the test for Fats and Fixed Oils
Composition.

401 , Fatty Acid

IMPURITIES
• Heavy Metals, Method II

231 : NMT 10 ppm

• Articles of Botanical Origin, Total Ash 561 : NMT 0.1%
• Alkaline Impurities
Sample: 5.0 g of Caprylocaproyl Polyoxylglycerides
Analysis: To the Sample add 10 mL of alcohol and 0.05 mL of bromophenol blue TS, and
mix well. Titrate with 0.01 N hydrochloric acid VS to change the color to yellow.
Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric acid is required.
Change to read:
• Limit of Free Ethylene Oxide and Dioxane
[Caution—Ethylene oxide is toxic and flammable. Prepare all solutions in a well-ventilated hood.
The operator must protect hands and face by wearing polyethylene protective gloves and
an appropriate face mask. Store all solutions in hermetic containers, and refrigerate at a
temperature between 4 and 8 . ]
[Note—Perform all determinations three times. ]
Magnesium chloride solution: 500 mg/mL of magnesium chloride in alcohol
Ethylene oxide stock solution: Into a dry, clean test tube, cooled in a mixture of sodium
chloride and crushed ice (1:3), introduce a slow current of ethylene oxide gas, allowing
condensation onto the inner wall of the test tube. Using a glass syringe, previously
cooled to 10 , transfer about 300 µL of liquid ethylene oxide, equivalent to 0.25 g, to
50 mL of polyethylene glycol 200. Determine the absorbed quantity of ethylene oxide by
weighing before and after absorption. Dilute with polyethylene glycol 200 to 100.0 mL.
Transfer 10.0 mL of Magnesium chloride solution to a volumetric flask. Add 20.0 mL of 0.1
M alcoholic hydrochloric acid VS. Insert the stopper, shake to obtain a saturated
solution, and allow to equilibrate overnight. Transfer 5.00 mL of Ethylene oxide stock
solution to the flask, and allow to stand for 30 min. Titrate with 0.1 M alcoholic
potassium hydroxide VS. Perform a blank titration, using the same quantity of
polyethylene glycol 200 instead of Ethylene oxide stock solution, and note the difference
in volumes required. Each mL of the difference in volumes of 0.1 M alcoholic potassium
hydroxide VS consumed is equivalent to 4.404 mg of ethylene oxide. Calculate the
concentration of ethylene oxide, in mg/g, in the Ethylene oxide stock solution.
Ethylene oxide solution: Dilute a volume of Ethylene oxide stock solution with
polyethylene glycol 200 to obtain a solution containing 50 µg/g of ethylene oxide. Mix the
resulting solution and water (1:4) to obtain a solution having a known concentration of
10 µg/mL of ethylene oxide. [Note—Prepare immediately before use. ]
Dioxane solution: 0.5 mg/mL of dioxane
Standard solution 1: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial,
and add 1.0 mL of N,N-dimethylacetamide, 0.1 mL of Ethylene oxide solution, and 0.1 mL
of Dioxane solution. Close the vial, and mix to obtain a homogenous solution. Allow to
stand at 90 for 45 min.
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Standard solution 2: Transfer 0.1 mL of Ethylene oxide solution to a 10-mL vial. Add 0.1
mL of a freshly prepared solution of acetaldehyde, containing 10 mg/L of acetaldehyde,
and add 0.1 mL of Dioxane solution. Close the vial, and mix to obtain a homogenous
solution.
Sample solution: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial, and
add 1.0 mL of N,N-dimethylacetamide and 0.2 mL of water. Close the vial, and mix to
obtain a homogenous solution. Allow to stand at 90 for 45 min.
Chromatographic system
[Note—Headspace apparatus that automatically transfers a measured amount of
headspace may be used. ]
Mode: GC, headspace analysis
Detector: Flame ionization
Column: 0.32-mm × 30-m glass or quartz capillary column bonded with a 1.0-µm layer
of phase G1
Temperature
Injector: 150
Detector: 250
Column: See the temperature program table below.
Initial
Final
Hold Time at
Temperature Ramp
Temperature
Final Temperature
( )
( /min)
( )
(min)
50
—
50
5
50
5
180
—
180
30
230
5
Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 mL
System suitability
Sample: Gaseous phase of Standard solution 2
[Note—The relative retention times for acetaldehyde and ethylene oxide are about 0.94
and 1.0, respectively. ]
Suitability requirements
[Note—Record the peak responses as directed for Procedure, adjusting the sensitivity of
the system so that the peak heights of the two principal peaks in the chromatogram
are NLT 15% of the full scale of the recorder. ]
Resolution: NLT 2.0 between acetaldehyde and ethylene oxide
Relative standard deviation: NMT 15.0%
Analysis
Samples: Using a heated, gas-tight gas chromatographic syringe, separately inject the
gaseous headspace of Standard solution 1 and the Sample solution. The mean areas of
the ethylene oxide and dioxane peaks in the chromatogram from the Sample solution
are NMT half the mean areas of the corresponding peaks in the chromatogram from
Standard solution 1, equivalent to 1 µg/g of ethylene oxide and 50 µg/g of dioxane.
Calculate the concentration of ethylene oxide, in µg/g, in the Sample taken:
Result = (C × rU)/[(rS × MU )

(rU × MS)]
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C= concentration of ethylene oxide in Standard solution 1 (µg/mL)
rU= peak response from the Sample solution
rS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Calculate the concentration of dioxane, in µg/g, in the Sample taken:
Result = (CD × dU)/[5 × (dS × MU

dU × MS)]

CD= concentration of dioxane in Standard solution 1 (µg)
dU= peak response from the Sample solution
dS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g
Analysis: Proceed as directed in Ethylene Oxide and Dioxane
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g

228 , Method I.

NF31

• Limit of Free Glycerol
Sample: 1.20 g
Blank: 25 mL of methylene chloride
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, and dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 M sodium thiosulfate
Analysis: Dissolve the Sample in 25 mL of methylene chloride, heating if necessary. Cool,
and add 100 mL of water and 25.0 mL of Periodic acetic acid solution. Shake, and allow to
stand for 30 min. Add 40 mL of Potassium iodide solution, and allow to stand for 1 min.
Add 1 mL of starch TS, and titrate the liberated iodine with Titrant. Perform a blank
determination.
Calculate the percentage of free glycerol in the portion of Caprylocaproyl
Polyoxylglycerides taken:
Result = [(VT

VB) × N × E × F/W] × 100

V=
T Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
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E= equivalency factor for glycerol, 23 mg/mEq
F= unit conversion factor, 10 3 g/mg
W= Sample weight taken for the titration (g)
Acceptance criteria: NMT 5.0%
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value

401 : NMT 2.0, determined on a 2.0-g specimen

• Fats and Fixed Oils, Fatty Acid Composition 401 : Caprylocaproyl Polyoxylglycerides
exhibits the composition profile of fatty acids shown in Table 1, as determined in the
section Fatty Acid Composition under Fats and Fixed Oils
Carbon-Chain
Length

401 .

Table 1
Number of
Percentage
Double Bonds
(%)

6
8
10

0
0
0

2.0
50.0–80.0
20.0–50.0

12

0

3.0

14

0

1.0

Change to read:
• Fats and Fixed Oils, Hydroxyl Value 401 : The hydroxyl value is within the range
specified in Table 2 for the labeled type, when determined on a 1.0-g specimen.
Table 2
Type of
Polyethylene Hydroxyl
Glycol
Value
200
80–120
300
140–180
400
170–205
Table 2
Ethylene Oxide
Type of
Units per Molecule
PolyethyleneHydroxyl
(Nominal Value)
Glycol
Value
4
200
80–120
6
300
140–180
8
400
170–205
NF31

• Fats and Fixed Oils, Iodine Value
• Fats and Fixed Oils, Peroxide Value
Change to read:

401 : NMT 2.0
401 : NMT 6.0, determined on a 2.0-g specimen
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• Fats and Fixed Oils, Saponification Value 401 : The saponification value is within the
range specified in Table 3 for the labeled type, determined on a 2.0-g specimen.
Table 3
Type of
Polyethylene Saponification
Glycol
Value
200
265–285
300
170–190
400
85–105

Ethylene Oxide
Units per Molecule
(Nominal Value)
4
6
8

Table 3
Type of
Polyethylene Saponification
Glycol
Value
200
265–285
300
170–190
400
85–105

NF31

• Water Determination, Method I 921 : NMT 1.0%, determined on a 1.0-g specimen. Use
as the solvent anhydrous pyridine or a mixture of methylene chloride and anhydrous
methanol (7:3).
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture.
Store at controlled room temperature.
Change to read:
• Labeling: Label it to indicate the type and the average nominal molecular weight of
polyethylene glycol used,
or to indicate the number of ethylene oxide units per molecule (nominal value), NF31
as part of the official title.
• USP Reference Standards 11
USP Caprylocaproyl Polyoxylglycerides RS
BRIEFING
Myristic Acid, NF 30 page 1873. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Add a chemical structure and two more chemical names.
2.
Add an Identification section with two tests. Test A is based on IR identification. Test B
is based on the major peak retention time agreement with USP Myristic Acid RS; this
result is obtained from the test for Fats and Fixed Oils, Fatty Acid Composition in the
Assay.
3.
In the Impurities section, add a test for Limit of Mineral Acids.
4.
In the Specific Tests section, delete the test for Fats and Fixed Oils, Saponification
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Value.
5.
In the Specific Tests section, add a test for Fats and Fixed Oils, Peroxide Value.
(EXC: H. Wang.)
Correspondence Number—C108580

Comment deadline: March 31, 2012
Myristic Acid
Change to read:

NF31

C14 H28 O2

228.37

Tetradecanoic acid;
1-Tetradecanoic acid;
1-Tridecanecarboxylic acid
NF31

[544-63-8].
DEFINITION
Myristic Acid is obtained from coconut oil and other fats. It contains NLT 97.0% of myristic acid
(C14 H28 O2 ).
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197F
Sample: Undried specimen
Acceptance criteria: Meets the requirements

NF31

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Fats and Fixed Oils, Fatty Acid Composition
in the Assay. NF31
ASSAY
• Fats and Fixed Oils, Fatty Acid Composition 401
System suitability solution: Prepare as directed in the chapter, except that only stearic
acid and palmitic acid are used.
Sample solution: Prepare as directed for the Test Solution in the chapter.
Standard solution: Prepare as directed for the Sample solution, using 100 mg of USP
Myristic Acid RS instead of the substance to be examined.
Chromatographic system: Prepare as directed in the chapter.
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Injection size: 1 µL
System suitability
(See Chromatography 621 , System Suitability.)
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between methyl stearate and methyl palmitate
Analysis
Samples: Standard solution and Sample solution
Identify the methyl myristate peak from the Sample solution by comparing the retention
times of the peaks with those from the Standard solution. Measure the responses for all
the peaks from the Sample solution, excluding the solvent peak.
Calculate the percentage of myristic acid (C14 H28 O2 ) in the portion of Myristic Acid taken:
Result = (A/B) × 100
A= peak response for methyl myristate from the Sample solution
B= sum of all the peak responses in the Sample solution except the solvent peak
Acceptance criteria: NLT 97.0%
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Limit of Lead
[Note—Select reagents with as low a lead content as practicable, and store all solutions in
high-density polyethylene containers. Rinse all plastic and glassware thoroughly with warm
8 N nitric acid followed by deionized water. ]
Standard stock solution: Dissolve 160 mg of lead nitrate in 100 mL of water containing 1
mL of nitric acid. Dilute with water to 1000 mL.
Standard solutions: [Note—Prepare these solutions on the day of use. ] Transfer 10.0 mL
of Standard stock solution to a 100-mL volumetric flask, and dilute with water to volume.
Each mL of this solution contains the equivalent of about 10 µg of lead. Dilute accurately
measured volumes of the diluted Standard stock solution with water to obtain solutions
with known concentrations of 1, 2, and 5 µg/mL of lead.
Sample solution: Transfer 5 g of Myristic Acid to an evaporating dish. Add 5 mL of a 25%
sulfuric acid solution, and distribute the sulfuric acid uniformly through the sample. Within
a hood, place the dish on a steam bath to evaporate most of the water. Place the dish on
a burner, and slowly pre-ash the sample by expelling most of the sulfuric acid. Place the
dish in a muffle furnace that has been set at 525 , and ash the sample until the residue
appears free from carbon. Prepare a blank by ashing 5 mL of a 25% sulfuric acid solution.
Cool, and cautiously wash down the inside of each evaporation dish with water. Treat
both the sample and the blank as follows. Add 5 mL of 1 N hydrochloric acid. Place each
dish on a steam bath, and evaporate to dryness. To each dish add 1.0 mL of 3 N
hydrochloric acid and about 5 mL of water, and heat briefly on a steam bath to dissolve
any residue. Transfer each solution quantitatively to a 10-mL volumetric flask, and dilute
with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: Atomic absorption spectrophotometry
Analytical wavelength: 283.3 nm at the lead emission line
Lamp: Lead electrodeless discharge
Flame: Air–acetylene with a suitable burner head
Slit width: 0.7 nm
Blank: Water. [Note—Perform a blank determination following the manufacturer's
operating instructions. ]
Analysis
Samples: Standard solutions, Sample solution, and Blank
Determine the corrected absorbance values by subtracting the absorbance of the Blank
from the absorbance of each of the Standard solutions and from the absorbance of the
Sample solution. Prepare a standard curve by plotting the corrected absorbance values of
the Standard solutions versus their corresponding concentration, in µg/mL. From the
calibration curve, determine the lead concentration in the Sample solution.
Calculate the lead content, in ppm, in the portion of Myristic Acid taken:
Result = (C/WS) × V
C= measured concentration of lead in the Sample solution from the standard curve (µg/mL)
W=
S weight of Myristic Acid taken (g)
V= final volume of the Sample solution, 10 mL
Acceptance criteria: NMT 2 ppm
Add the following:
• Limit of Mineral Acids
Sample: 5 g of melted Myristic Acid
Analysis: Shake the Sample with an equal volume of hot water for 2 min, cool, and filter.
Acceptance criteria: The filtrate is not reddened by the addition of 1 drop of methyl
orange TS. NF31
SPECIFIC TESTS
• Congealing Temperature

651 : 48 –55.5

• Fats and Fixed Oils, Acid Value
• Fats and Fixed Oils, Iodine Value

401 : 242–249
401 : NMT 1.0

Delete the following:
• Fats and Fixed Oils, Saponification Value

401 : 242–251

NF31

Add the following:
• Fats and Fixed Oils, Peroxide Value

401 : NMT 10.0

• Fats and Fixed Oils, Unsaponifiable Matter
• Water Determination, Method I

NF31

401 : NMT 1%

921 : NMT 0.2%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. No storage requirements
specified.
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11
BRIEFING

Oleic Acid, NF 29 page 1596. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Update the monograph Definition.
2.
Add an Identification test B, in which the gas chromatographic peak of oleic acid is in
agreement with that of USP Oleic Acid RS, based on a newly added Assay.
3.
Add an Assay in which the procedure is based on gas chromatography (GC) analyses
performed with the Restek Stabilwax-DA brand of G25 column with flame-ionization
detection. The typical retention time for oleic acid is about 19.2 min.
4.
Add a test for Content of Fatty Acids under Specific Tests.
5.
Delete the test for Specific Gravity.
6.
Delete the test for Neutral Fat or Mineral Oil.
7.
Revise the specification for Iodine Value from “85–95” to “85–105”.
8.
Add a test for Peroxide Value.
9.
Add a test for Water.
10.
Update the Packaging and Storage section.
(EXC: H. Wang.)
Correspondence Number—C108246

Comment deadline: March 31, 2012
Oleic Acid

C18 H34 O2

282.46

9-Octadecenoic acid, (Z)-;
Oleic acid
[112-80-1].
DEFINITION
Change to read:
Oleic Acid is manufactured from fats and oils derived from edible sources, animal or vegetable,
and consists chiefly of (Z)-9-octadecenoic acid [CH3 (CH2 )7 CH:CH(CH2 )7 COOH].
It contains NLT 65.0% of (Z)-9-octadecenoic acid [CH3 (CH2 )7 CH:CH(CH2 )7 COOH]. NF31
It may contain suitable stabilizers.
[Note—Oleic Acid labeled solely for external use is exempt from the requirement that it be
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prepared from edible sources. ]
IDENTIFICATION
• A. Infrared Absorption 197F
Sample: Undried specimen
Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. NF31
ASSAY
Add the following:
• Procedure
Standard solution: 1.7 mg/mL of USP Oleic Acid RS in tetrahydrofuran
Sample solution: 1.7 mg/mL of Oleic Acid in tetrahydrofuran
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m capillary column; 0.25-µm layer of phase G25 (or G35)
Temperature
Detector: 280
Injection port: 280
Column: See Table 1.
Table 1
Initial
Temperature
Final
Temperature
Ramp
Temperature
( )
( /min)
( )
120
—
120
120
10
250
Carrier gas: Helium
Flow rate: 7.0 mL/min
Injection volume: 1.0 µL
Injection type: Splitless
System suitability
Sample: Standard solution
[Note—The retention time for oleic acid is about 19.2 min. ]
System suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution

Hold Time
at Final
Temperature
(min)
5
20

Calculate the percentage of oleic acid in the portion of the sample taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response for oleic acid from the Sample solution
rS= peak response for oleic acid from the Standard solution
C=
S concentration of USP Oleic acid RS in the Standard solution (mg/mL)
C=
U concentration of Oleic Acid in the Sample solution (mg/mL)
Acceptance criteria: NLT 65.0% NF31
IMPURITIES
• Residue on Ignition 281
Sample: 10 mL
Acceptance criteria: NMT 1 mg (about 0.01%)
SPECIFIC TESTS
Delete the following:
• Specific Gravity

841 : 0.889–0.895

NF31

Add the following:
• Content of Fatty Acids
Oleic Acid exhibits the composition profiles of fatty acids shown in Table 2 below, as
determined in Fats and Fixed Oils 401 , Fatty Acid Composition.
Test solution: Prepare as directed in the chapter, but omitting the initial hydrolysis.
Carbon-Chain
Length

Table 2
Number of
Double Bonds

Percentage
(%)

14

0

5.0

16

0

16.0

16

1

8.0

18

0

6.0

18

1

65.0

18

2

18.0

18

3

4.0

20, 22a

0

4.0

a The sum of these fatty acids should be NMT 4.0%.
NF31

• Congealing Temperature

651 : 3 –10 for Oleic Acid derived from animal sources; 10 –

16 for Oleic Acid derived from vegetable sources
• Fats and Fixed Oils, Acid Value
Change to read:

401 : 196–204, 2 g being used
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• Fats and Fixed Oils, Iodine Value
85–105 NF31

401 : 85–95

Add the following:
• Fats and Fixed Oils, Peroxide Value

401 : NMT 10.0

NF31

Add the following:
• Water Determination, Method I
• Mineral Acids
Sample: 5 mL

921 : NMT 0.4%

NF31

Analysis: Shake the Sample with an equal volume of water at a temperature of about 25
for 2 min, allow the liquids to separate, and pass the water layer through a paper filter
previously moistened with water.
Acceptance criteria: The filtrate is not reddened by the addition of 1 drop of methyl
orange TS.
Delete the following:
• Neutral Fat or Mineral Oil
Sample: 1 mL
Analysis: Boil the Sample with 500 mg of sodium carbonate and 30 mL of water in a 250-mL
flask.
Acceptance criteria: The resulting solution, while hot, is clear or, at most, opalescent.
NF31

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Preserve in well-closed containers, protected from light. Store at room temperature, and avoid
exposure to excessive heat. NF31
• Labeling: If it is for external use only, the labeling so indicates. Label it to indicate whether
it is derived from animal or vegetable sources. Indicate the names and quantity of any
added stabilizers.
• USP Reference Standards
USP Oleic Acid RS

11
BRIEFING

Adenosine, USP 34 page 1768. In an effort to modernize the monograph, the following changes
are proposed:
1.
Include a second identification test based on retention time agreement to strengthen
the monograph.
2.
Delete the Limit of Ammonia test because it requires the use of mercury salt.
3.
Delete the Limit of Chloride and Limit of Sulfate tests. These are inorganic counter ions
and can be measured by the Residue on Ignition test.
4.
Include a table containing specified impurities along with their relative retention times to
aid in peak identification. In addition, propose a limit for any unspecified impurity
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based on ICH guidelines.
5.
Delete the Melting Range or Temperature test as the monograph already includes a
specific test for Organic impurities based on HPLC.
6.
Delete the test for Acidity or Alkalinity as this test does not provide any additional
indication of the quality of the article.
(SM4: R. Ravichandran.)
Correspondence Number—C109557

Comment deadline: March 31, 2012
Adenosine

C10 H13 N5 O4

267.24

6-Amino-9- -d-ribofuranosyl-9H-purine;
9- -d-Ribofuranosyladenine

[58-61-7].

DEFINITION
Adenosine contains NLT 99.0% and NMT 101.0% of adenosine (C10 H13 N5 O4 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Add the following:
• B. The retention time of the major peak of the Diluted sample solution corresponds to the
retention time of adenosine in the System suitability solution, as obtained in the test for
Organic Impurities. USP36
ASSAY
• Adenosine
Sample: 200 mg of Adenosine previously dried at 105 for 2 h
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Blank: 50 mL of glacial acetic acid
Analysis: Dissolve the Sample in 50 mL of glacial acetic acid, and titrate with 0.1 N
perchloric acid VS.
Calculate the percentage of adenosine (C10 H13 N5 O4 ) in the portion of Adenosine taken:
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Result = [(VS

VB) × N × F × 100]/W

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= normality of the Titrant (mEq/mL)
F= equivalency factor, 267.25 mg/mEq
W= Sample weight (mg)
Acceptance criteria: 99.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Delete the following:
• Limit of Ammonia
Sample solution: Suspend 0.5 g in 10 mL of water. Stir for 30 s, and pass through a
coarse filter. Dilute the filtrate with water to 15 mL, and use the filtrate.
Standard solution: 0.4 µg/mL of ammonium chloride in water
Analysis: To the Sample solution and the Standard solution add 0.3 mL of alkaline
mercuric–potassium iodide TS, cap the test tubes, and allow to stand for 5 min.
Acceptance criteria: The Sample solution does not exhibit a more intense yellow color than
that of the Standard solution (NMT 4 ppm of ammonia). USP36
Delete the following:
• Limit of Chloride
Sample solution: Suspend 0.2 g in 10 mL of water. Stir for 30 s, pass through a coarse
filter, and use the filtrate.
Standard solution: 2.3 µg/mL of sodium chloride in water
Analysis: To the Sample solution and 10 mL of the Standard solution add 1 mL of nitric acid
and 1 mL of silver nitrate TS, and dilute each solution with water to 40 mL. Allow the
solutions to stand for 5 min, protected from light.
Acceptance criteria: When viewed against a dark background, the Sample solution is not
more turbid than the Standard solution (NMT 0.007% chloride). USP36
Delete the following:
• Limit of Sulfate
Sample solution: Suspend 0.75 g in 15 mL of water. Stir for 30 s, pass through a coarse
filter, and use the filtrate.
Standard solution: Add 0.15 mL of 0.020 N sulfuric acid to 15 mL of water.
Analysis: To the Sample solution and the Standard solution add 2 mL of barium chloride TS
and 1 mL of 3 N hydrochloric acid, dilute each solution with water to 30 mL, and mix. Allow
the solutions to stand for 5 min.
Acceptance criteria: The Sample solution is not more turbid than the Standard solution
(NMT 0.02% sulfate). USP36
Change to read:
• Organic Impurities
Solution A: 6.8 g/L of potassium hydrogen sulfate and 3.4 g/L of tetrabutylammonium
hydrogen sulfate in water. Adjust with 2 N potassium hydroxide to a pH of 6.5.
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Solution B: 0.1 g/L of sodium azide solution
Mobile phase: Solution A and Solution B (60:40)
System suitability solution: 0.2 mg/mL each of Adenosine
USP Adenosine RS USP36
and inosine in Mobile phase
Sample solution: 1 mg/mL of Adenosine in Mobile phase
Diluted sample solution: 0.2 mg/mL of Adenosine in Mobile phase

USP36

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 2 times the retention time of adenosine
System suitability
Sample: System suitability solution
[
Note—See Table 1 for relative retention times. ] USP36
Suitability requirements
Resolution: NLT 9.0 between adenosine and inosine
Tailing factor: NMT 2.5
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution and
Diluted sample solution. [Note—The Diluted sample solution is for Identification test B. ]
USP36

Calculate the percentage of each impurity in the portion of Adenosine taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the responses for all peaks from the Sample solution
Acceptance criteria:
Individual impurities: NMT 0.1% each of guanosine, inosine, and uridine, and NMT 0.2% of
adenine
Total impurities: NMT 0.5%
See Table 1.
Table 1

Name
Uridine

Relative
Acceptance
Retention
Criteria
Time
NMT (%)
0.24
0.1
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Inosine
Adenine
Guanosine
Adenosine
Any individual unspecified impurity
Total Impurities

0.37
0.38
0.44
1.0
—
—

0.1
0.2
0.1
—
0.10
0.5

USP36

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 233 –238

USP36

• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL in sodium hydroxide solution (1 in 20), from a sample
previously dried at 105 for 2 h
Acceptance criteria:

68 to

72

Delete the following:
• Acidity or Alkalinity: Suspend 1 g in 20 mL of carbon dioxide-free water. Stir for 30 s, and
pass through a coarse filter. To each of two 10-mL portions of the filtrate add 0.1 mL of
bromocresol purple TS.
Acceptance criteria: NMT 0.3 mL of 0.01 N sodium hydroxide is required to produce a blueviolet color in one portion. NMT 0.1 mL of 0.01 N hydrochloric acid is required to produce a
yellow color in the other portion. USP36
• Loss on Drying 731 :
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards
USP Adenosine RS

11
BRIEFING

Adenosine Injection, USP 34 page 1769. On the basis of comments received, the following
revisions are proposed. In the Assay and in the test for Organic Impurities, it is proposed to
(1) delete the System Sensitivity solution because it is used only to establish the run time
and (2) to include the relative retention times for inosine and adenosine to facilitate peak
identification during the system suitability evaluation.
(SM4: R. Ravichandran.)
Correspondence Number—C109441

Comment deadline: March 31, 2012
Adenosine Injection
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DEFINITION
Adenosine Injection is a sterile solution of Adenosine in Water for Injection. It may contain
Sodium Chloride. It contains NLT 90.0% and NMT 110.0% of the labeled amount of adenosine
(C10 H13 N5 O4 ).
IDENTIFICATION
• The retention time of the adenosine peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 2.0 g of monobasic potassium phosphate in 800 mL of water. Add 5
mL of 1.0 M tetrabutylammonium dihydrogen phosphate, dilute with water to 980 mL, and
mix. Add 20 mL of acetonitrile.
System suitability solution: 0.03 mg/mL each of USP Adenosine RS and inosine dissolved
in warm water (50 to 55 ), and diluted with water
Standard solution: 0.03 mg/mL of USP Adenosine RS dissolved in warm water (50 to 55
), and diluted with water to volume. Before addition of the warm water, if sodium chloride
is present in the Injection, add 0.01 mL of a solution of sodium chloride (0.9 in 100) per
mL of the anticipated final volume of the Standard solution.
System sensitivity solution: 0.45 µg/mL of USP Adenosine RS and 0.45 µg/mL of inosine,
both from Standard solution, in water
USP36

Sample solution: Nominally 0.03 mg/mL of adenosine, from a suitable volume of Injection
in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2.5 mL/min
Injection volume: 10 µL
Run time: 2.5 times the retention time of adenosine
System suitability
Samples: System suitability solution and Standard solution
[
Note—The relative retention times of inosine and adenosine are 0.43 and 1.0,
respectively. ] USP36
Suitability requirements
Resolution: NLT 6.0 between adenosine and inosine, System suitability solution
Tailing factor: NMT 2.0 for the adenosine peak, System suitability solution
Relative standard deviation: NMT 1.5%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of adenosine (C10 H13 N5 O4 ) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Adenosine RS in the Standard solution (mg/mL)
C=
U nominal concentration of adenosine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase, System suitability solution, Standard solution, System sensitivity
solution,
USP36

Chromatographic system, and System suitability: Proceed as directed in the Assay.
Sample solution: Nominally 0.3 mg/mL of adenosine from a volume of Injection, in water
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the volume of Injection taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of the responses of all of the peaks
Acceptance criteria
Any individual impurity: NMT 1.0%
Total impurities: NMT 1.5%
SPECIFIC TESTS
• pH

791 : 4.5–7.5

• Particulate Matter in Injections
injections.

788 : It meets the requirements for small-volume

• Bacterial Endotoxins Test 85 : When the product is used for rapid intravenous injection,
it contains NMT 11.62 USP Endotoxin Units/mg of adenosine. When the product is used for
continuous peripheral intravenous infusion, it contains NMT 5.95 USP Endotoxin Units/mg of
adenosine.
• Other Requirements: It meets the requirements under Injections
ADDITIONAL REQUIREMENTS

1 .
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• Packaging and Storage: Preserve in tight, single-dose containers, preferably of Type I
glass, and store at controlled room temperature.
• USP Reference Standards
USP Adenosine RS
USP Endotoxin RS

11

BRIEFING
Alfuzosin Hydrochloride Extended-Release Tablets, page 889 of PF 36(4) [July–Aug. 2010].
On the basis of comments received, it is proposed to revise the monograph as follows:
1.
Add Infrared Absorption 197A as an alternative procedure for Identification test A to
provide flexibility in performing the test.
2.
Add a filtration step to the Sample preparation procedure in the Assay.
3.
Add a resolution requirement between the impurity D and impurity E peaks in the test
for Organic Impurities to ensure adequate separation between the peaks. The
Reference Standard, USP Alfuzosin System Suitability Mixture A RS, is added to
perform the System suitability test.
4.
Add Dissolution Test 2 for a second product approved by the FDA. The chromatographic
procedure in the test was validated with the Inertsil C8 brand of packing L7, from
which alfuzosin elutes at about 5 min.
(SM4: D. Vicchio.)
Correspondence Number—C97232; C101628

Comment deadline: March 31, 2012
Add the following:
Alfuzosin Hydrochloride Extended-Release Tablets
DEFINITION
Alfuzosin Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of alfuzosin hydrochloride (C19 H27 N5 O4 ·HCl).
IDENTIFICATION
• A. Infrared Absorption 197 [Note—Methods described under Infrared Absorption

197K

or 197A may be used. ]
Sample: Grind 2 Tablets and add 10 mL of water. [Note—When analyzing multi-layer
Tablets, isolate the layer containing alfuzosin hydrochloride using a suitable tool. ] Add
10 mL of strong ammonia solution. Extract with 10 mL of methylene chloride and separate
the organic layer. Repeat the extraction successively with 10 mL, then with 5 mL of
methylene chloride. Wash the combined organic layers with 10 mL of water. Dry the
organic solution. Take 2.0 mL of the solution and mix with 200 mg of finely ground
potassium bromide. Evaporate the methylene chloride at 60 , then at 105 for 30 min.
Make a disc. [Note—A phase separation filter has been shown to be suitable for drying
the organic extract. ]
Sample: Grind 4 Tablets, and add 20 mL of water. [Note—When analyzing multi-layer
Tablets, isolate the layer containing alfuzosin hydrochloride using a suitable tool. ] Add
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20 mL of strong ammonia solution. Extract with 20 mL of methylene chloride, and
separate the organic layer. Repeat the extraction successively with 20 mL, then with 10
mL of methylene chloride. Wash the combined organic layers with 20 mL of water. Dry
the organic solution using a phase separation filter. Take 2.0 mL of the dried organic
solution, and mix with 200 mg of finely ground potassium bromide. Evaporate the
methylene chloride at 60 , then at 105 for 30 min. Make a disc. Alternatively, evaporate
methylene chloride from the dried organic solution at 60 , then at 105 for 30 min.
Perform the IR spectrum.
Acceptance criteria: The maxima of the spectrum obtained from the Sample correspond in
position and relative intensity to those obtained from USP Alfuzosin Hydrochloride RS,
treated in the same manner as the Sample, beginning with “Add 20 mL of water.”
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 5.0 mL of perchloric acid in 900 mL of water. Adjust with 2 M sodium hydroxide
to a pH of 3.5, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile, tetrahydrofuran, and Solution A (20:1:80)
Diluent: 0.01 N hydrochloric acid
Standard stock solution: 0.15 mg/mL of USP Alfuzosin Hydrochloride RS in methanol
Standard solution: 0.03 mg/mL of USP Alfuzosin Hydrochloride RS in Diluent from the
Standard stock solution
Sample stock solution: Place a suitable number of Tablets into a suitable volumetric flask
to obtain a solution having a concentration of 0.16 mg/mL of alfuzosin hydrochloride. Add
80% of the flask volume of methanol, and stir for at least 1 h using a magnetic stirrer. Add
10% of the flask volume of Diluent, mix, and allow it to cool to room temperature. Dilute
the resulting suspension with methanol to volume, stir, and allow to settle for 30 min.
Sample solution: 0.03 mg/mL of alfuzosin hydrochloride in Diluent from the Sample stock
solution supernatant. Pass through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.5 for alfuzosin
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alfuzosin hydrochloride (C19 H27 N5 O4 ·HCl) in the portion of
Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Alfuzosin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: 0.01 N hydrochloric acid; 500 mL
Apparatus 2: 100 rpm, with Tablet holder (see Figure 1)

Figure 1. 37.5-mm (l) × 20-mm (d) stainless steel cylinders are used as sample holders.
The cylinders contain screw caps drilled with seven 4.5-mm holes. Seven 4.5-mm holes
are drilled in the bottom, and 12 longitudinal series of five 5-mm holes are drilled on the
cylinders, alternatively starting and ending with one 1.7-mm hole.
Times: 1, 6, 12, and 20 h
Sample solution: Pass a portion of the solution under test through a suitable filter.
Standard solution: L/500 (mg/mL) of USP Alfuzosin Hydrochloride RS in Medium, where L
is the Tablet label claim in mg
Detector: UV 330 nm
Blank: Medium
Path length: 1 cm
Tolerances: See Table 1.
Table 1
Level Time
Amount Dissolved
(h)
L1
Each Tablet:
1
10%–20%
6
40%–55%
12
65%–85%
20
NLT 85%
L2
Average of 12 Tablets complies with L1 and each Tablet:
1
9%–22%
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6
12
20

36%–61%
59%–94%
NLT 77%
L3
Average of 24 Tablets complies with L1, NMT 2 Tablets outside L2, and all
Tablets within:
1
8%–24%
6
32%–66%
12
52%–102%
20
NLT 68%
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 2: 100 rpm
Times: 1, 3, 12, and 24 h
Buffer: Dilute 5.0 mL of perchloric acid in 900 mL of water, adjust with diluted sodium
hydroxide (0.1 g/mL) to a pH of 3.5 ± 0.5, and dilute with water to 1 L.
Mobile phase: Acetonitrile and Buffer (25:75)
Standard stock solution: 0.28 mg/mL of USP Alfuzosin Hydrochloride RS, prepared as
follows. In a 200-mL volumetric flask dissolve 55.5 mg of USP Alfuzosin Hydrochloride
RS in 5 mL of methanol, sonicate to dissolve, and dilute with Medium to volume.
Standard solution: 0.011 mg/mL of USP Alfuzosin Hydrochloride RS in Medium from the
Standard stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 244 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Capacity factor: NLT 3000 theoretical plates
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of alfuzosin hydrochloride (C19 H27 N5 O4 ·HCl) in the
sample withdrawn from the vessel at each time point (i):
Result i = (rU/rS) × CS
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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C=
S concentration of the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of alfuzosin hydrochloride
(C19 H27 N5 O4 ·HCl) dissolved at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × V] + [C1 × Vs ]} × (1/L) × 100
Result 3 = {[C3 × V] + [(C2+ C1) × Vs ]} × (1/L) × 100
Result 4 = {[C4 × V] + [(C3 + C2+ C1) × Vs ]} × (1/L) × 100
C=
i concentration of alfuzosin hydrochloride in the portion of sample withdrawn at the
specified time point (mg/mL)
V= volume of medium, 900 mL
L= label claim (mg/Tablet)
V=
s volume of the Sample solution withdrawn at each time point and replaced with
Medium (mL)
Tolerances: See Table 2.
Time point
(i)
1
2
3
4
• Uniformity of Dosage Units

Table 2
Time
(h)
1
3
12
24

Amount
Dissolved
NMT 20%
15%–35%
50%–70%
NLT 80%

905 : Meets the requirements

IMPURITIES
• Organic Impurities
Solution A, Mobile phase, Diluent, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: 0.4 mg/mL of USP Alfuzosin System Suitability Mixture RS in
methanol
System suitability stock solution: 0.4 mg/mL of USP Alfuzosin System Suitability Mixture
A RS in methanol
System suitability solution: 0.03 mg/mL of USP Alfuzosin System Suitability Mixture A RS
in Diluent from the System suitability stock solution
Standard stock solution: 0.15 mg/mL of USP Alfuzosin Hydrochloride RS in methanol
Standard solution: 0.03 mg/mL of USP Alfuzosin Hydrochloride RS in Diluent from the
Standard stock solution
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.0 between alfuzosin and impurity A, and NLT 1.0 between impurity D
and impurity E, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response for alfuzosin from the Sample solution
C=
S concentration of USP Alfuzosin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of alfuzosin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 3.
Individual Impurities: See Table 2.
Table 2Table 3
Name

Relative
Retention
Time
0.46
0.50
1.0
1.18
—
—

Acceptance
Criteria,
NMT (%)
0.40
0.30
—
—d
0.20
0.80

Impurity Da
Impurity Eb
Alfuzosin
Impurity Ac
Any individual unspecified impurity
Total impurities
a N-(4-Amino-6,7-dimethoxyquinazolin-2-yl)-N-methylpropane-1,3-diamine.
b N-[3-[(4-Amino-6,7-dimethoxyquinazolin-2-yl)(methyl)amino]propyl]formamide.
c N-[3-[(4-Amino-6,7-dimethoxyquinazolin-2-yl)(methyl)amino]propyl]furan-2carboxamide.
d Impurity A, a component of USP Alfuzosin System Suitability Mixture RSUSP Alfuzosin
System Suitability Mixture A RS, is not a specified impurity.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Protect from light and moisture. Store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Alfuzosin Hydrochloride RS
• USP Alfuzosin System Suitability Mixture RS —Alfuzosin hydrochloride containing
approximately 0.4% of each of the following impurities:
Impurity A: [N-{3-[(4-amino-6,7-dimethoxyquinazolin-2-yl)(methyl)amino]propyl}furan-2carboxamide] (C19 H23 N5 O4
385.42)
Impurity D: [N-(4-amino-6,7-dimethoxyquinazolin-2-yl)-N-methylpropane-1,3diamine] (C14 H21 N5 O2
291.35)
USP Alfuzosin System Suitability Mixture A RS
Impurity A: N-{3-[(4-Amino-6,7-dimethoxyquinazolin-2-yl)(methyl)amino]propyl}furan-
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2-carboxamide.
C19 H23 N5 O4
385.42
Impurity D: N-(4-Amino-6,7-dimethoxyquinazolin-2-yl)-N-methylpropane-1,3diamine.
C14 H21 N5 O2
291.35
Impurity E: N-[3-[(4-Amino-6,7-dimethoxyquinazolin-2-yl)
(methyl)amino]propyl]formamide.
C15 H21 N5 O3
319.36 USP36
BRIEFING
Amitriptyline Hydrochloride, USP 34 page 1870. It is proposed to revise the monograph as
follows:
1.
As part of USP monograph modernization efforts, delete the test for Melting Range or
Temperature because the monograph already contains a very specific IR
identification procedure and also includes a selective HPLC procedure for Organic
Impurities.
2.
In the test for Organic Impurities, include a formula for the calculation of any
unspecified impurity.
3.
Delete the term “hydrochloride” from Table 1 in the test for Organic Impurities because
the peaks are those of free bases and not those of the hydrochloride salts.
(SM4: R. Ravichandran.)
Correspondence Number—C110277

Comment deadline: March 31, 2012
Amitriptyline Hydrochloride

C20 H23 N·HCl

313.86

1-Propanamine, 3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-N,N-dimethyl-,
hydrochloride;
10,11-Dihydro-N,N-dimethyl-5H-dibenzo[a,d]cycloheptene-D5, -propylamine hydrochloride
[549-18-8].
DEFINITION
Amitriptyline Hydrochloride contains NLT 98.0% and NMT 102.0% of amitriptyline hydrochloride
(C20 H23 N·HCl), calculated on the dried basis.
IDENTIFICATION
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• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Diluted phosphoric acid: Phosphoric acid and water (1:10)
Buffer: 1.42 g/L of dibasic sodium phosphate (Na2 HPO4 ) in water, adjusted with diluted
phosphoric acid to a pH of 7.7
Mobile phase: Methanol and Buffer (7:3)
System suitability stock solution A: 1 mg/mL of USP Amitriptyline Related Compound A
RS in methanol
System suitability stock solution B: 0.4 mg/mL of USP Amitriptyline Hydrochloride RS, 0.6
mg/mL each of USP Amitriptyline Related Compound B RS, USP Cyclobenzaprine
Hydrochloride RS, and USP Nortriptyline Hydrochloride RS in Mobile phase
System suitability solution: 1 µg/mL of amitriptyline hydrochloride, 0.5 µg/mL of
amitriptyline related compound A, and 1.5 µg/mL each of amitriptyline related compound B,
cyclobenzaprine hydrochloride, and nortriptyline hydrochloride from suitable volumes of
Standard solution, System suitability stock solution A, and System suitability stock
solution B in Mobile phase
Standard solution: 0.2 mg/mL of USP Amitriptyline Hydrochloride RS in Mobile phase
Sample solution: 0.2 mg/mL of Amitriptyline Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 45
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 40 min
System suitability
Samples: System suitability solution and Standard solution
[Note—For relative retention times, see Table 1. ]
Suitability requirements
Resolution: NLT 1.5 between amitriptyline related compound B and nortriptyline,
System suitability solution
Relative standard deviation: NMT 2.0% for the amitriptyline peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amitriptyline hydrochloride (C20 H23 N·HCl) in the portion of
Amitriptyline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Amitriptyline Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Amitriptyline Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities
Diluted phosphoric acid, Buffer, Mobile phase, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Standard solution: Use the System suitability solution, prepared as directed in the Assay.
Sample solution: 1 mg/mL of Amitriptyline Hydrochloride in Mobile phase
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of the individual amitriptyline related compounds in the portion
of Amitriptyline Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each amitriptyline related compound from the Sample solution
rS= peak response of the corresponding amitriptyline related compound from the Standard
solution
C=
S concentration of the corresponding amitriptyline related compound in the Standard
solution (mg/mL)
C=
U concentration of Amitriptyline Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of each unspecified impurity in the portion of Amitriptyline
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of USP Amitriptyline Hydrochloride RS from the Standard solution
C=
S concentration of USP Amitriptyline Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Amitriptyline Hydrochloride in the Sample solution (mg/mL) USP36
[Note—Discard any peak with a relative retention time less than 0.22. ]
Acceptance criteria: See Table 1.
Table 1

Name
Amitriptyline related compound A

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.35
0.05
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Amitriptyline related compound B
Nortriptyline hydrochloride
USP36

Cyclobenzaprine hydrochloride
USP36

Amitriptyline hydrochloride
USP36

Any individual unspecified impurity
Total impurities

0.52

0.15

0.60

0.15

0.76

0.15
—

1.0
—
—

0.10
1.0

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 195 –199

USP36

• pH 791
Sample: 10 mg/mL in water
Acceptance criteria: 5.0–6.0, in a solution (1 in 100)
• Loss on Drying 731
Analysis: Dry a sample at a pressure not exceeding 5 mm of mercury at 60 to constant
weight
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Amitriptyline Hydrochloride RS
USP Amitriptyline Related Compound A RS
10,11-Dihydro-5H-dibenzo[a,d]cyclohepten-5-one; (also known as
Dibenzosuberone).
C15 H12 O
208.26
USP Amitriptyline Related Compound B RS
5-[3-(Dimethylamino)propyl]-10,11-dihydro-5H-dibenzo[a,d]-cyclohepten-5-ol; (also
known as Amitriptynol).
C20 H25 O
295.42
USP Cyclobenzaprine Hydrochloride RS
USP Nortriptyline Hydrochloride RS
BRIEFING
Amitriptyline Hydrochloride Injection, USP 34 page 1871. It is proposed to delete the
nonspecific identification test based on Identification—Organic Nitrogenous Bases
(SM4: R. Ravichandran.)
Correspondence Number—C110335

Comment deadline: March 31, 2012
Amitriptyline Hydrochloride Injection

181 .

PF 38(1): Jan.-Feb. 2012

106

DEFINITION
Amitriptyline Hydrochloride Injection is a sterile solution of Amitriptyline Hydrochloride in Water
for Injection. It contains NLT 90.0% and NMT 110.0% of the labeled amount of amitriptyline
hydrochloride (C20 H23 N·HCl).
IDENTIFICATION
• A.
Sample solution: Pipet 1 mL of Injection into a 125-mL separator containing 10 mL of
water and 1 mL of 1 N sodium hydroxide, mix, extract with two 10-mL portions of
methylene chloride, and evaporate the extracts on a steam bath just to dryness. Dissolve
the residue in methanol, add 1 mL of 1.2 N hydrochloric acid, and then add methanol to
make 100 mL. Dilute 10 mL of this solution with methanol to 100 mL.
Acceptance criteria: The UV absorption spectrum of this solution exhibits a maximum at
the same wavelength as that of a similar solution of USP Amitriptyline Hydrochloride RS,
concomitantly measured.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Delete the following:
• C. Identification—Organic Nitrogenous Bases 181
Analysis: Pipet a volume of Injection, equivalent to 50 mg of amitriptyline hydrochloride,
into a separator containing 25 mL of water. Proceed as directed in the chapter, beginning
with “In a second separator,” and using water in place of 0.01 N hydrochloric acid in the
Reference Standard solution.
Acceptance criteria: The Sample solution so obtained meets the requirements of the test.
USP36

ASSAY
• Procedure
Buffer: Dissolve 11.04 g of monobasic sodium phosphate in 900 mL of water, adjust with
phosphoric acid to a pH of 2.5 ± 0.5, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Buffer (42:58)
Standard solution: 0.2 mg/mL of USP Amitriptyline Hydrochloride RS in water
Sample solution: Nominally 0.2 mg/mL of amitriptyline hydrochloride from a suitable volume
of the Injection in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 800 theoretical plates
Tailing factor: NMT 2.0
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amitriptyline hydrochloride
(C20 H23 N·HCl) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Amitriptyline Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of amitriptyline hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Pyrogen 151
Sample: Amitriptyline Hydrochloride Injection, diluted with Sodium Chloride Injection
containing 0.9% of sodium chloride to a concentration of 2.5 mg of amitriptyline
hydrochloride/mL
Acceptance criteria: Meets the requirements, for a test dose of 1 mL/kg
• pH

791 : 4.0–6.0

• Other Requirements: Meets the requirements in Injections

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass.
• USP Reference Standards 11
USP Amitriptyline Hydrochloride RS
BRIEFING
Amlodipine and Benazepril Hydrochloride Capsules. Because there is no existing USP
monograph for this drug product, a new monograph is proposed. The liquid chromatographic
procedures in the Assay are performed using the Xterra R18, 5-µm column containing
packing L1, and the test for Impurities is validated using a Discovery HS C18, 5-µm column
containing packing L1. The typical retention times for amlodipine and benazepril are about
14.6 and 12.5 min, respectively, under the conditions for the Assay and about 37 and 30.3,
respectively, under the conditions for Impurities. The liquid chromatographic procedure for
Dissolution is performed using a Hypersil BDS, 3-µm column containing packing L1. The
typical retention times for amlodipine and benazepril are about 8.3 and 5.9 min, respectively,
under the Dissolution conditions.
(SM2: S. Ramakrishna.)
Correspondence Number—C99997

Comment deadline: March 31, 2012
Add the following:
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Amlodipine and Benazepril Hydrochloride Capsules
DEFINITION
Amlodipine and Benazepril Hydrochloride Capsules contain NLT 90.0% and NMT 110.0% of the
labeled amounts of each of amlodipine (C20 H25 N2 O5 Cl) and benazepril hydrochloride
(C24 H28 N2 O5 ·HCl).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer 1: 0.7% (v/v) of triethylamine in water. Adjust with phosphoric acid to a pH of 3.0,
and add 1.2 g of tetrabutyl ammonium hydrogen sulfate per 1 L of Buffer. Pass through a
suitable filter of 0.45-µm pore size.
Buffer 2: 7.0 mL/L of triethylamine in water. Adjust with phosphoric acid to a pH of 3.0.
Pass through a suitable filter of 0.45-µm pore size.
Diluent: Acetonitrile, methanol, and Buffer 2 (20:30:50)
Mobile phase: Acetonitrile, methanol, and Buffer 1 (10:30:70)
Standard solution: Prepare the corresponding solutions in Diluent as directed in Table 1.
Table 1
Strength of Capsule
Concentration of Amlodipine
(Amlodipine (mg)/Benazepril
Besylate/Benazepril Hydrochloride
Hydrochloride (mg))
(mg/mL)
2.5/10
0.18/0.5
5/20
0.18/0.5
5/10
0.18/0.25
10/20
0.36/0.5
Pass through a suitable membrane filter of 0.45-µm pore size.
Sample solution: Transfer the contents of five Capsules into a volumetric flask as given in
Table 2. Add Diluent (about 70% of the volume of the flask) and keep on a rotary shaker
for about 45 min, sonicate for 30 min with occasional shaking, and dilute with Diluent to
volume. Centrifuge a portion of the above solution at 3000 rpm for 10 min, and pass
through a filter of 0.45-µm pore size.
Table 2
Strength of Capsule
(Amlodipine (mg)/Benazepril
Hydrochloride (mg))
2.5/10
5/20
5/10
10/20
Chromatographic system

Volume of
the Flask
(mL)
100
200
200
200

Concentration of
Amlodipine/Benazepril
Hydrochloride
(mg/mL)
0.125/0.5
0.125/0.5
0.125/0.25
0.25/0.5
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
Run time: Two times the retention time of amlodipine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for both amlodipine and benazepril peaks
Relative standard deviation: NMT 2.0% for both amlodipine and benazepril peaks
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of the labeled amount of amlodipine (C20 H25 N2 O5 Cl) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= response of the amlodipine peak from the Sample solution
rS= response of the amlodipine peak from the Standard solution
CS= concentration of amlodipine in the Standard solution (mg/mL)
CU= nominal concentration of amlodipine in the Sample solution (mg/mL)
Mr1
= molecular weight of amlodipine, 408.88
Mr2
= molecular weight of amlodipine besylate, 567.05
Calculate the percentage of the labeled amount of benazepril hydrochloride
(C24 H28 N2 O5 ·HCl), in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= response of the benazepril peak from the Sample solution
rS= response of the benazepril peak from the Standard solution
C=
S concentration of benazepril hydrochloride in the Standard solution (mg/mL)
C=
U nominal concentration of benazepril hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amount of amlodipine free base and
90.0%–110.0% of the labeled amount of benazepril hydrochloride
PERFORMANCE TESTS
• Dissolution, 711
Medium: 0.01 N hydrochloric acid; 500 mL
Apparatus 1: 100 rpm
Time: 30 min
Buffer: 2.72 g/L of potassium dihydrogen phosphate in water. Add 0.2% (v/v) of
triethylamine per L. Adjust with phosphoric acid to a pH of 3.0.
Mobile phase: Acetonitrile, methanol, and Buffer (15:35:50)
Amlodipine besylate standard stock solution: 0.385 mg/mL of USP Amlodipine Besylate
RS in Medium
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Benazepril hydrochloride standard stock solution: 0.225 mg/mL of USP Benazepril
Hydrochloride RS in Medium
Standard solution: Dilute aliquots of the Amlodipine besylate standard stock solution and
Benazepril hydrochloride standard stock solution with Medium as per Table 3.
Table 3
Volume of Amlodipine Besylate
Strength of the Capsule
Standard Stock Solution
(Amlodipine/Benazepril
Volume of Benazepril Hydrochloride
Volume of
Hydrochloride)
Standard Stock Solution
the Flask
(mg/mg)
(mL)
(mL)
2.5/10
1/5
50
5/10
2/5
50
5/20
2/10
50
10/20
2/5
25
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for both amlodipine and benazepril peaks
Relative standard deviation: NMT 2.0% for both amlodipine and benazepril peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amlodipine (C20 H25 N2 O5 Cl) dissolved:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × V × 100
r=
U peak response for amlodipine from the Sample solution
r=
S peak response for amlodipine from the Standard solution
C=S concentration of USP Amlodipine Besylate RS in the Standard solution
L= label claim for amlodipine (mg/Capsule)
M=r1molecular weight of amlodipine, 408.88
M=r2molecular weight of amlodipine besylate, 567.05
V= volume of Medium, 500 mL
Calculate the percentage of the labeled amount of benazepril hydrochloride
(C24 H28 N2 O5 ·HCl) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
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r=
U peak response for benazepril from the Sample solution
r=
S peak response for benazepril from the Standard solution
C=S concentration of benazepril hydrochloride in the Standard solution
L= label claim for benazepril hydrochloride (mg/Capsule)
V= volume of Medium, 500 mL
Tolerances: NLT 80% (Q) of the labeled amounts of amlodipine (C20 H25 N2 O5 Cl) and
benazepril hydrochloride (C24 H28 N2 O5 ·HCl) are dissolved.
• Uniformity of Dosage Units,

905 : Meet the requirements

IMPURITIES
• Procedure
Buffer 1, Buffer 2, and Diluent: Proceed as directed in the Assay.
Solution A: Acetonitrile and Buffer 1 (20:80)
Solution B: Methanol and Buffer 1 (80:20)
Mobile phase: See Table 4.
Table 4
Time
Solution A Solution B
(min)
(%)
(%)
0
85
15
100
30
70
101
85
15
110
85
15
Standard stock solution: 0.36 mg/mL of amlodipine and amlodipine related compound A
and 1 mg/mL each of benazepril hydrochloride and benazepril related compound C solution
in Diluent
Standard solution: 1 µg/mL of amlodipine and amlodipine related compound A and 3 µg/mL
each of benazepril hydrochloride and benazepril related compound C solution in Diluent
Sample solution: 0.25 mg/mL of amlodipine from powdered Capsules (NLT 20). [Note—The
benazepril hydrochloride concentration may vary depending on the ratio of amlodipine to
benazepril hydrochloride in the Capsule. ] Initially add Diluent, about 70% of the volume of
the flask, sonicate for 30 min with intermittent shaking, and dilute with Diluent to volume.
Pass through a membrane filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm × 25–cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.2 mL/min
Injection volume: 40 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for both amlodipine and benazepril peaks
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Resolution: NLT 2.0 between the amlodipine and benazepril peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amlodipine related compound A in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= response of amlodipine related compound A from the Sample solution
rS= response of amlodipine related compound A from theStandard solution
CS= concentration of amlodipine related compound A in the Standard solution (mg/mL)
CU= nominal concentration of amlodipine in the Sample solution (mg/mL)
Mr1
= molecular weight of amlodipine related compound A, 408.88
Mr2
= molecular weight of amlodipine related compound A fumarate, 522.93
Calculate the percentage of benazepril related compound C in the portion of Capsules
taken:
Result = (rU/rS)× (CS/CU) × 100
rU= response of benazepril related compound C from the Sample solution
rS= response of benazepril related compound C from the Standard solution
C=
S concentration of benazepril related compound C in the Standard solution (mg/mL)
C=
U nominal concentration of benazepril hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Capsules taken:
Result = (rU/rT) × 100
r=
U response of each other impurity from the Sample solution
r=
T sum of responses of all peaks from the Sample solution
Acceptance criteria See Table 5.
Table 5

Impurity Name
Benazepril related compound Ca
Amlodipine related compound Ab
Amlodipine
Benazepril
Any other individual unspecified impurity
Total impuritiesc

Relative
Retention Time
0.23
0.44
1.00
1.20
—
—

Acceptance
Criteria,
NMT (%)
0.5
0.15
—
—
0.2
1.0
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[Note—Disregard the peaks at relative retention times of 0.09 and 0.10. ]
a {3-[1-Carboxy-3-phenyl-(1S)-propyl]amino-2,3,4,5-tetrahydro-2-oxo-1H-1-(3S)benzazepine}-1-acetic acid.
b 3-Ethyl 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate].
c Total impurities include the sum of all impurities. The process-related impurities are not
included.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Amlodipine Besylate RS
USP Amlodipine Related Compound A RS
3-Ethyl, 5-methyl [2-(2-aminoethoxymethyl)-4-(2-chlorophenyl)-6-methyl-3,5pyridinedicarboxylate]·fumarate.
C20 H23 ClN2 O5 ·C4 H4 O4
522.93
USP Benazepril Hydrochloride RS
USP Benazepril Related Compound C RS
3-(1-Carboxy-3-phenyl-1(S)-propyl)amino-2,3,4,5-tetrahydro-2-oxo-1H-1-(3S)benzazepine-1-acetic acid.
C22 H24 N2 O5
396.44
USP36

BRIEFING
Amoxapine Tablets, USP 34 page 1881. It is proposed to add a second Identification test
based on an HPLC retention time match. It is also proposed to include a formula for
calculation of the percentage of amoxapine dissolved in the Dissolution test.
(SM4: R. Ravichandran.)
Correspondence Number—C104292

Comment deadline: March 31, 2012
Amoxapine Tablets
DEFINITION
Amoxapine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of amoxapine
(C17 H16 ClN3 O).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Triturate a quantity of finely ground Tablets, equivalent to 50 mg of amoxapine,
with 10 mL of chloroform, and filter. Evaporate the filtrate on a steam bath to dryness
(about 30 min).
Add the following:
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• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP36
ASSAY
• Procedure
Solution A: 1.38 g/L of monobasic sodium phosphate in water
Solution B: 113 g/L of tetramethylammonium chloride in water
Mobile phase: Transfer 20.0 mL of Solution B, 4.0 mL of dilute phosphoric acid (1 in 5),
and 720 mL of acetonitrile to a 2000-mL volumetric flask. Dilute with Solution A to volume.
Standard stock solution: 1 mg/mL of USP Amoxapine RS in acetonitrile. Shake by
mechanical means to dissolve, and then dilute with acetonitrile to volume.
Standard solution: 0.1 mg/mL from the Standard stock solution diluted with Mobile phase
Sample stock solution: Nominally 1 mg/mL of amoxapine from NLT 20 finely powdered
Tablets prepared as follows. Transfer a suitable quantity of the powder to a volumetric
flask. Add 80% of the flask volume of Mobile phase, and shake vigorously by mechanical
means for 20 min. Dilute with Mobile phase to volume, and filter.
Sample solution: 0.1 mg/mL from the Sample stock solution diluted with Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1200 theoretical plates
Tailing factor: NMT 1.8
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amoxapine (C17 H16 ClN3 O) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of amoxapine from the Sample solution
rS= peak response of amoxapine from the Standard solution
C=
S concentration of USP Amoxapine RS in the Standard solution (mg/mL)
C=
U nominal concentration of amoxapine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: Simulated gastric fluid (without enzyme); 900 mL
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Apparatus 2: 50 rpm
Time: 30 min
Standard solution: USP Amoxapine RS having a concentration similar to the expected
Sample solution in Medium
Sample solution: Sample per Dissolution 711
Instrumental conditions
Analytical wavelength: 294 nm
Analysis
Samples: Standard solution and Sample solution

USP36

Determine the percentage of the labeled amount of amoxapine (C17 H16 ClN3 O) dissolved
from UV absorbances of filtered portions of the Sample solution, suitably diluted with
Medium, if necessary. in comparison with a Standard solution having a known
concentration of USP Amoxapine RS
Calculate the percentage of the labeled amount of amoxapine (C17 H16 ClN3 O) dissolved:
(Au/As ) × Cs × V × (1/L) × 100
A=
u absorbance of the Sample solution
A=
s absorbance of the Standard solution
C=
s concentration of the Standard solution (mg/mL)
V= volume of the Medium, 900 mL
L= label claim (mg/Tablet) USP36
Tolerances: NLT 80% (Q) of the labeled amount of amoxapine (C17 H16 ClN3 O) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Amoxapine RS

11
BRIEFING

Betaxolol Hydrochloride, USP 34 page 2033. As part of USP monograph modernization efforts,
it is proposed to make the following changes:
1.
The first chemical name, Betaxolol Hydrochloride, is corrected.
2.
In the Assay, replace the titration procedure that utilizes mercuric acetate with the
stability-indicating HPLC procedure used in the test for Organic Impurities. The
proposed liquid chromatographic procedure is based on analyses performed with the
Waters Spherisorb ODS2, 5-µm brand of L1 column. The typical retention time for
betaxolol is about 7.5 min.
3.
In the Definition, revise the acceptance criteria from “NLT 98.5% and NMT 101.5%” to
“NLT 98.0% and NMT 102.0%”, which is typical for chromatographic procedures.
4.
Delete the test for Melting Range or Temperature because the remaining tests
adequately establish identity, purity, and quality.
5.
Add a storage requirement in the Packaging and Storage section.
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(SM3: F. Mao.)
Correspondence Number—C95950

Comment deadline: March 31, 2012
Betaxolol Hydrochloride
Change to read:

C18 H29 NO3 ·HCl

343.89

2-Propanol, 1-4-2-(cyclopropylmethoxy)ethylphenoxy-3-(1-methylethyl)amino-, hydrocloride,
(±)-.
2-Propanol, 1-[4-[2-(cyclopropylmethoxy)ethyl]phenoxy]-3-[(1-methylethyl)amino]-,
hydrochloride, (±)-;
USP36

(±)-1-[p-[2-(Cyclopropylmethoxy)ethyl]phenoxy]-3-(isopropylamino)-2-propanol
hydrochloride
[63659-19-8].
DEFINITION
Change to read:
Betaxolol Hydrochloride contains NLT 98.5% and NMT 101.5%
NLT 98.0% and NMT 102.0% USP36
of betaxolol hydrochloride (C18 H29 NO3 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride 191
Analysis: Proceed as directed for alkaloidal hydrochlorides.
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Sample: 300 mg of Betaxolol Hydrochloride
Analysis: Dissolve the Sample in 50 mL of glacial acetic acid and add 7 mL of mercuric
acetate TS. Titrate with 0.1 N perchloric acid VS and determine the endpoint
potentiometrically. Perform a blank determination, and make any necessary correction
(see Titrimetry
C18 H29 NO3 ·HCl.

541 ). Each mL of 0.1 N perchloric acid is equivalent to 34.39 mg of
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Buffer: 0.025 M monobasic potassium phosphate containing 0.1% (w/v) of tetrabutyl
ammonium bromide. Adjust with 0.025 M phosphoric acid to a pH of 3.0.
Mobile phase: Acetonitrile and Buffer (15:85)
System suitability solution: 2.0 mg/mL of USP Betaxolol Hydrochloride RS and 1.0
mg/mL of alprenolol hydrochloride in Mobile phase
Standard solution: 2.0 mg/mL of USP Betaxolol Hydrochloride RS in Mobile phase
Sample solution: 2.0 mg/mL of Betaxolol Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 273 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for alprenolol and betaxolol are 0.9 and 1.0,
respectively. ]
Suitability requirements
Resolution: NLT 1.0 between alprenolol and betaxolol
Tailing factor: NMT 2.0 for the alprenolol and betaxolol peaks
Relative standard deviation: NMT 1.0% for the betaxolol peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of betaxolol hydrochloride (C18 H29 NO3 ·HCl) in the portion of
Betaxolol Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Betaxolol Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Betaxolol Hydrochloride in the Sample solution (mg/mL)
USP36

Acceptance criteria: 98.5%–101.5%
98.0%–102.0% USP36
on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 ppm
Change to read:
• Organic Impurities
Buffer: 0.025 M monobasic potassium phosphate containing 0.1% (w/v) of tetrabutyl
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ammonium bromide. Adjust with 0.025 M phosphoric acid to pH of 3.0.
Mobile phase: Acetonitrile and Buffer (15:85)
System suitability solution: 2.0 mg/mL of USP Betaxolol Hydrochloride RS and 1.0 mg/mL
of alprenolol hydrochloride in Mobile phase
Sample solution: 2.0 mg/mL of Betaxolol Hydrochloride in Mobile phase
Buffer, Mobile phase, System suitability solution, Sample solution, and System
suitability: Proceed as directed in the Assay. USP36
Chromatographic system:
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 273 nm
Column: 4.6-mm × 15-cm; 5 µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 5 times the retention time of betaxolol peak
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.0 between alprenolol and betaxolol peaks
Tailing factor: NMT 2.0, alprenolol and betaxolol peaks
Relative standard deviation: NMT 2.0%
Proceed as directed in the Assay, except to use a run time of NLT 5 times the retention
time of betaxolol. USP36
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Betaxolol Hydrochloride taken:
Result = (rU/rT) × 100
r=
U peak response of each individual peak other than the main betaxolol peak
r=
T sum of all the peak responses
Acceptance criteria: NMT 1.0% for the sum of all impurities
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I 741 : 113 –117
• pH 791
Sample solution: 20 mg/mL
Acceptance criteria: 4.5–6.5
• Loss on Drying 731
Analysis: Dry under vacuum at 65 for 2 h.
Acceptance criteria: NMT 1.0%

USP36
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at room temperature. USP36
• USP Reference Standards 11
USP Betaxolol Hydrochloride RS
BRIEFING
Bupropion Hydrochloride, page 4918 of the First Supplement to USP 34. As part of
modernization efforts to update USP monographs, the following revisions are proposed:
1.
In the Assay and in the test for Organic Impurities, describe the Mobile phase
composition so that it sums to 100 parts rather than 101 parts. This proposed
description is easier for the analyst to use.
2.
Add a system suitability resolution requirement for bupropion hydrochloride related
compound B and bupropion in the Assay and in the test for Organic Impurities. The
bupropion peak is very large relative to the bupropion hydrochloride related
compound B peak. This resolution requirement strengthens the public standard.
3.
Add a relative response factor of 2.4 for m-Chlorobenzoic acid and a limit for any
individual unspecified impurity in the test for Limit of m-Chlorobenzioic Acid based
upon comments received and supporting data.
4.
Replace the quantitative use of USP Bupropion Hydrochloride Related Compound B RS in
the test for Organic Impurities with an appropriate relative response factor for
bupropion hydrochloride related compound B. USP Bupropion Hydrochloride Related
Compound B RS is a qualitative reference standard. The proposed value for the
relative response factor is based upon comments received and supporting data.
5.
Add storage conditions to the Packaging and Storage section.
(SM4: R. Ravichandran, H. Joyce.)
Correspondence Number—C106969

Comment deadline: March 31, 2012
Bupropion Hydrochloride

C13 H18 ClNO·HCl

276.20

1-Propanone, 1-(3-chlorophenyl)-2-[(1,1-dimethylethyl)amino]-, hydrochloride, (±)-;
(±)-2-(tert-Butylamino)-3¢-chloropropiophenone hydrochloride
[31677-93-7].
DEFINITION
Bupropion Hydrochloride contains NLT 98.0% and NMT 102.0% of bupropion hydrochloride
(C13 H18 ClNO·HCl), calculated on the anhydrous basis.
IDENTIFICATION
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• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride 191
Sample solution: 1 mg/mL of Bupropion Hydrochloride
Acceptance criteria: Meets the requirements for the silver nitrate precipitate test
ASSAY
Change to read:
• Procedure
Diluent: Methanol and water (1:1)
Buffer: 3.4 g/L of monobasic potassium phosphate in water. Adjust with 1 N sodium
hydroxide to a pH of 7.0. 1S (USP34)
Mobile phase: Methanol, tetrahydrofuran, and
Buffer (39:11:51)
(39:11:50) USP36
1S (USP34)

Standard solution: 1 mg/mL of USP Bupropion Hydrochloride RS and 2 µg/mL each of
USP Bupropion Hydrochloride Related Compound A RS and USP Bupropion Hydrochloride
Related Compound B RS in Diluent 1S (USP34)
Sample solution: 1 mg/mL of Bupropion Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 3.9-mm × 15-cm; 5-µm packing L7
Flow rate: 1.1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for bupropion hydrochloride related compound A,
bupropion, hydrochloride,
USP36

and bupropion hydrochloride related compound B are about 0.92, 1.0, and 1.14,
respectively. ]
Suitability requirements
Resolution: NLT 1.3 between bupropion hydrochloride related compound A and
bupropion hydrochloride
; NLT 1.3 between bupropion and bupropion hydrochloride related compound B

USP36

Relative standard deviation: NMT 2.0% determined from bupropion; hydrochloride;
USP36
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NMT 5.0% determined from bupropion hydrochloride related compound B
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bupropion hydrochloride (C13 H18 ClNO·HCl) in the portion of
Bupropion Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Bupropion Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
Change to read:
• Limit of m-Chlorobenzoic Acid
Mobile phase: Acetonitrile, trifluoroacetic acid, and water (35: 0.1: 65)
System suitability solution: 1.0 mg/mL of USP Bupropion Hydrochloride RS and 4 µg/mL
of m-chlorobenzoic acid in Mobile phase
Sample solution: 2 mg/mL of Bupropion Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 2.7 times the retention time of m-chlorobenzoic acid
System suitability
Sample: System suitability solution [Note—The relative retention times for bupropion
hydrochloride
USP36

and m-chlorobenzoic acid are 1.0 and 2.0, respectively. ]
Suitability requirements
Resolution: NLT 10.0 between the bupropion and m-chlorobenzoic acid peaks
USP36

Relative standard deviation: NMT 5.0% for the m-chlorobenzoic acid peak
Analysis
Sample: Sample solution
Calculate the percentage of m-chlorobenzoic acid in the portion of Bupropion
Hydrochloride taken:
Result = (rU/rT) × 100
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Result = (rU/rT) × (1/F) × 100

USP36

rU = peak response of m-chlorobenzoic acid from the Sample solution
rT = sum of the responses of all the peaks from the Sample solution
F= relative response factor for m-chlorobenzoic acid, 2.4 USP36
Acceptance criteria
m-Chlorobenzoic acid: NMT 0.2%
1S (USP34)

Change to read:
• Procedure 2
Organic Impurities
Diluent,
Buffer,

USP36

1S (USP34)

Mobile phase, Standard solution, Sample solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Bupropion Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response for bupropion hydrochloride
USP36

from the Standard solution
C=
S concentration of USP Bupropion Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Bupropion Hydrochloride in the Sample solution (mg/mL)
F= relative response factor for each impurity relative to bupropion
(see Table 1) USP36
Calculate the percentage of bupropion hydrochloride related compound B in the portion of
Bupropion Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of bupropion hydrochloride related compound B from the Sample solution
rS= peak response of bupropion hydrochloride related compound B from the Standard
solution
C=
S concentration of USP Bupropion Hydrochloride Related Compound B RS in the Standard
solution (mg/mL)
C=
U concentration of Bupropion Hydrochloride in the Sample solution (mg/mL) 1S (USP34)
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USP36

Acceptance criteria:
See Table 1. USP36
Individual impurities: See Impurity Table 1.
Total impurities: The limits of impurities are specified in the accompanying table: NMT 0.3%
of total unidentified impurities is found; and NMT 1.0% of total impurities is found, the results
of Procedure 1 and Procedure 2 being added.
USP36

Table 1

Name
2-(tert-Butylamino)propiophenone hydrochloride
1-(3-Chlorophenyl)-1,2-propanedione
2-(tert-Butylamino)-2¢-chloropropiophenone
hydrochloride
3¢-Chloropropiophenone
Bupropion hydrochloride related compound A
Bupropion

Relative
Retention
Time
0.38
0.58
0.71
0.78
0.92
1.0

Bupropion hydrochloride related compound B
2-Bromo-3¢-chloropropiophenone
2-(tert-Butylamino)-3¢,4¢-chloropropiophenone
hydrochloride
2-(tert-Butylamino)-3¢,5¢-chloropropiophenone
hydrochloride
Any individual impurity
Total impuritiesa

1S (USP34)

—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.5
0.5
1.0
0.2

1.14
1.63

0.45
1.2
1.4
—
—
0.81 USP36
0.88

2.30

1.1

0.2

2.74

0.69

0.2
0.1

1S (USP34)

—

1.0
—

0.1
0.1
0.2
—
0.2
1S (USP34)

0.1

1S (USP34)

1.0

USP36

1S (USP34)

a Sum of all impurities found in the test for Limit of m-Chlorobenzoic Acid and in the test for
Organic Impurities.
USP36

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Store at room temperature. USP36
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• USP Reference Standards 11
USP Bupropion Hydrochloride RS
USP Bupropion Hydrochloride Related Compound A RS
2-(tert-Butylamino)-4¢-chloropropiophenone hydrochloride.
C13 H18 ClNO·HCl
276.20
USP Bupropion Hydrochloride Related Compound B RS
2-(tert-Butylamino)-3¢-bromopropiophenone hydrochloride.
C13 H18 BrNO·HCl
320.66
BRIEFING
Calcium Pantothenate Tablets, USP 34 page 2141. On the basis of monograph modernization
it is proposed to replace the Assay procedure based on nitrogen determination with a more
specific HPLC procedure to avoid adulteration with other substances rich in nitrogen
(melamine). The proposed HPLC procedure for the Assay is based on analyses performed
with the Phenomenex Gemini C18, 4.6-mm × 25-cm; 5-µm L1 column. The typical retention
times for pantothenate and panthenol are 3.6 and 4.0 min, respectively.
(DS: N. Davydova.)
Correspondence Number—C101821

Comment deadline: March 31, 2012
Calcium Pantothenate Tablets
DEFINITION
Calcium Pantothenate Tablets contain NLT 95.0% and NMT 115.0% of the labeled amount of
the dextrorotatory isomer of calcium pantothenate (C18 H32 CaN2 O10 ).
IDENTIFICATION
• A. Identification Tests—General, Calcium 191
Sample solution: Digest a quantity of powdered Tablets, equivalent to 150 mg of calcium
pantothenate, with 15 mL of 1 N sodium hydroxide, and filter.
Acceptance criteria: Meet the requirements
• B.
Sample solution: 5 mL of the filtrate obtained in Identification test A
Analysis: Add 5 mL of 1 N hydrochloric acid and 2 drops of ferric chloride TS to the Sample
solution.
Acceptance criteria: A strong yellow color is produced.
ASSAY
Change to read:
• Calcium Pantothenate Assay
Calcium Pantothenate USP36

91

Assay preparation: Weigh and finely powder NLT 20 Tablets. Weigh a portion of the
powder, equivalent to 25 mg of calcium pantothenate, and transfer, with the aid of
about 50 mL of water, to a 1000-mL volumetric flask. Add 2 mL of 1 N acetic acid and
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100 mL of sodium acetate solution (1 in 60), then dilute with water to volume. Make
further accurate dilutions, with water, to a concentration between 0.01 and 0.04 µg/mL
of calcium pantothenate.
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
System suitability solution: 0.5 mg/mL of USP Calcium Pantothenate RS and 0.1
mg/mL of USP Racemic Panthenol RS in water
Standard solution: 0.5 mg/mL of USP Calcium Pantothenate RS in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 50 mg of calcium pantothenate, to a 100-mL volumetric flask. Add 5 mL
of methanol, and swirl the flask to disperse. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between pantothenate and panthenol
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
USP36

Acceptance criteria: 95.0%–115.0%
OTHER COMPONENTS
• Content of Calcium
Sample: A portion of the powder from NLT 20 finely powdered Tablets, equivalent to 500
mg of calcium pantothenate
Blank: Proceed as directed in the Analysis, without the Sample.
Titrimetric system
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(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Indicator: Hydroxy naphthol blue, 300 mg
Endpoint detection: Visual
Analysis: Transfer the Sample to a a suitable crucible. Ignite, gently at first, until free
from carbon. Cool the crucible. Add 10 mL of water, and dissolve the residue by adding
sufficient 3 N hydrochloric acid, dropwise, to completely dissolve. Transfer the solution to
a suitable container, and dilute with water to 150 mL. Add 15 mL of 1 N sodium hydroxide,
then add the Indicator. Titrate with Titrant to a distinct blue endpoint. Perform a blank
determination.
Calculate the percentage of calcium in the content of calcium pantothenate, as
determined by the Assay, in the portion of Tablets taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=S Titrant volume consumed by the Sample (mL)
V=B Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mM/mL)
F= equivalency factor, 40.08 mg/mM
W
= weight of calcium pantothenate in the Sample taken, as determined by the Assay (mg)
Acceptance criteria: 7.9%–9.7% of the weight of calcium pantothenate (C18 H32 CaN2 O10 )
in the Tablets, as determined by the Assay
PERFORMANCE TESTS
• Dissolution, Procedure for a Pooled Sample 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Mobile phase: Phosphoric acid and water (1:1000)
Standard solution: A known concentration of USP Calcium Pantothenate RS in Medium
Sample solution: A filtered portion of the solution under test, suitably diluted with Medium
if necessary, having a concentration of C18 H32 CaN2 O10 similar to that of the Standard
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) dissolved:
Result = (rU/rS) × [CS × D × (V/L)] × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
D=
S dilution factor for the Sample solution
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 )
is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label the Tablets to indicate the content of dextrorotatory calcium pantothenate.
Change to read:
• USP Reference Standards 11
USP Calcium Pantothenate RS
USP Racemic Panthenol RS USP36
BRIEFING
Clopidogrel Bisulfate, USP 34 page 2401. On the basis of comments received and supporting
data, it is proposed to make the following changes:
1.
Revise the Assay to include a titration based method to harmonize with the EP
monograph, and the Definition is revised accordingly.
2.
Delete Identification test B because the Assay is not a chromatographic procedure.
3.
Revise the test for Organic Impurities to include an achiral method for improved
detection and quantitation of the specified and unspecifed impurities. The proposed
achiral liquid chromatographic procedure is based on analyses performed using a 5µm symmetry column containing packing L1 (Luna C18 and Kromasil C18 are also
suitable). The typical retention time for clopidogrel is about 25 min.
4.
Add a chiral method for Limit of Clopidogrel Related Compound C with increased
sensitivity. The proposed chiral liquid chromatographic procedure is based on
analyses performed using a 10-µm Chiralcel column containing packing L32. The
typical retention time for clopidogrel is about 17 min.
5.
Flexible storage conditions are proposed to indicate that manufacturers can store the
material as per their labeling instructions. The possible storage conditions are listed.
(SM2: S. Ramakrishna.)
Correspondence Number—C90765; C100678
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Comment deadline: March 31, 2012
Clopidogrel Bisulfate

C16 H16 ClNO2 S·H2 SO4

419.90

Thieno[3,2-c]pyridine-5(4H)-acetic acid, -(2-chlorophenyl)-6,7-dihydro-, methyl ester, (S)-,
sulfate (1:1);
Methyl (+)-(S)- -(o-chlorophenyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-acetate, sulfate
(1:1)
[120202-66-6].
DEFINITION
Change to read:
Clopidogrel Bisulfate contains NLT 97.0% and NMT 101.5%
NLT 99.0% and NMT 101.0% USP36
of C16 H16 ClNO2 S·H2 SO4 , calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP36
Change to read:
• C.
B. USP36
Identification Tests—General, Sulfate

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
[Note—For all clopidogrel related compounds, the concentrations are expressed as bisulfate
salts. Use bisulfate salt equivalents stated on USP Reference Standards labels to calculate
the concentrations as appropriate. ]
Buffer: 1.36 g/L of monobasic potassium phosphate in water
Mobile phase: Acetonitrile and Buffer (25:75)
System suitability stock solution: 100 µg/mL of USP Clopidogrel Bisulfate RS and 200
µg/mL of USP Clopidogrel Related Compound B RS in methanol.
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System suitability solution: 25 µg/mL of USP Clopidogrel Bisulfate RS and 50 µg/mL of
USP Clopidogrel Related Compound B RS in Mobile phase from System suitability stock
solution
Standard stock solution: 1.0 mg/mL of USP Clopidogrel Bisulfate RS in methanol
Standard solution: 0.1 mg/mL in Mobile phase from the Standard stock solution.
Sample stock solution: 1 mg/mL of Clopidogrel Bisulfate in methanol
Sample solution: 0.1 mg/mL in Mobile phase, from Sample stock solution.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; packing L57
Flow rate: 1mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the two enantiomers of clopidogrel related
compound B and for clopidogrel are 0.8, 1.2, and 1.0, respectively. ]
Suitability requirements
Resolution: Greater than 2.5 between clopidogrel and the first enantiomer of
clopidogrel related compound B, System suitability solution
Relative standard deviation: NMT 1.0% from clopidogrel bisulfate, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clopidogrel bisulfate (C16 H16 ClNO2 S· H2 SO4 ) in the portion of
sample taken:
Result = (ru/rs ) × (Cs /Cu) × 100
ru= peak response from the Sample solution
rs= peak response from the Standard solution
C=
s concentration of the Standard solution (mg/mL)
C=
u concentration of Sample solution (mg/mL)
Acceptance criteria: 97.0%–101.5% on the dried basis
Sample solution: Dissolve 0.160 g in 50 mL of a mixture of acetone, methanol, and
water (10:10:30).
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 M sodium hydroxide
Endpoint detection: Potentiometric
Analysis: 1 mL of 0.1 M sodium hydroxide is equivalent to 20.99 mg of clopidogrel
bisulfate (C16 H16 ClNO2 S·H2 SO4 ). [Note—A precipitate may be formed during the
titration. ]
Acceptance criteria: 99.0%–101.0% on the dried basis USP36
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IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
[Note—For all clopidogrel related compounds, the concentrations are expressed as bisulfate
salts. Use bisulfate salt equivalents stated on USP Reference Standards labels to calculate
the concentrations as appropriate. ]
Solution A, Mobile phase, and System suitability solution: Proceed as directed in the
Assay.
Standard stock solution: 20 µg/mL of USP Clopidogrel Bisulfate RS, 40 µg/mL of USP
Clopidogrel Related Compound A RS, 120 µg/mL of USP Clopidogrel Related Compound B
RS, and 200 µg/mL of USP Clopidogrel Related Compound C RS in methanol
Standard solution: 0.5 µg/mL of Clopidogrel Bisulfate, 1 µg/mL of Clopidogrel Related
Compound A, 3 µg/mL of Clopidogrel Related Compound B, and 5 µg/mL of Clopidogrel
Related Compound C from the Standard stock solution in Mobile phase.
Sample solution: Transfer about 100 mg of Clopidogrel Bisulfate to a 200-mL volumetric
flask, dissolve in 5 mL of methanol, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; packing L57
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for clopidogrel related compound A, the two
enantiomers of clopidogrel related compound B, clopidogrel, and clopidogrel related
compound C are 0.5, 0.8, 1.2, 1.0, and 2.0, respectively. ]
Suitability requirements
Resolution: Greater than 2.5 between clopidogrel and the first enantiomer of
clopidogrel related compound B, System suitability solution
Relative standard deviation: NMT 15% for each peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clopidogrel related compound A and clopidogrel related
compound C in the portion of C16 H16 ClNO2 S·H2 SO4 taken:
Result = (rU/rS) × (CS1/CU) × 100
rU= relevant clopidogrel related compound peak response from the Sample solution
rS= relevant clopidogrel related compound peak response from the Standard solution
CS1
= concentration of the relevant clopidogrel related compound in the Standard solution
(mg/mL)
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CU= concentration of the Sample solution (mg/mL)
Calculate the percentage of the first enantiomer of clopidogrel related compound B in the
portion of C16 H16 ClNO2 ·H2 SO4 taken:
Result = (rU/rS) × (CS2/CU) × F × 100
rU= first enantiomer of clopidogrel related compound B peak response from the Sample
solution
rS= first enantiomer of clopidogrel related compound B peak response from the Standard
solution
CS2
= concentration of clopidogrel related compound B in the Standard solution (mg/mL)
CU= concentration of Sample solution (mg/mL)
F = correction factor for the content of the first enantiomer in the clopidogrel related
compound B, 0.5
Calculate the percentage of any impurity other than clopidogrel related compounds A, B,
and C in the portion of C16 H16 ClNO2 ·H2 SO4 taken:
Result = (rU/rS) × (CS3/CU) × 100
rU= peak response of any other impurity from the Sample solution
rS= clopidogrel peak response from the Standard solution
CS3
= concentration of clopidogrel bisulfate in the Standard solution (mg/mL)
CU= concentration of the Sample solution (mg/mL)
[Note—Disregard any peak observed in the blank. ]
Acceptance criteria
Individual impurities: See Impurity Table 1.
Total impurities: NMT 1.5%
Impurity Table 1
Acceptance
Criteria,
Name
NMT (%)
Clopidogrel related compound A
0.2
First enantiomer of clopidogrel related compound B 0.3
Clopidogrel related compound C
1.0
Any other impurity
0.1
Buffer: 0.96 g/L sodium 1-pentanesulfonate. Adjust with phosphoric acid to a pH of 2.5.
Solution A: Acetonitrile
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Buffer Solution A Solution B
(min)
(%)
(%)
(%)
0
85
10
5
3
85
10
5
48
30
65
5
68
30
65
5
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Diluent: Acetonitrile and Buffer (60:40)
System suitability solution: 6.5 mg/mL of Clopidogrel Bisulfate and 0.01 mg/mL of
clopidogrel related compound B in Diluent
Standard solution: 6.5 µg/ of USP Clopidogrel Bisulfate RS in Diluent
Sample solution: 6.5 mg/mL of Clopidogrel Bisulfate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution [Note—The relative retention times for clopidogrel
related compound A, clopidogrel, and clopidogrel related compound B are given in
Table 2. ]
Suitability requirements
Peak-to-valley ratio (HP /HV): NLT 10 where Hp is the height above the baseline of
the peak due to clopidogrel related compound B and HV is the height above the
baseline of the lowest point of the curve separating clopidogrel related compound B
and clopidogrel, System suitability solution.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clopidogrel related compound A, clopidogrel related
compound B, and any other individual impurity in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of clopidogrel related compound A, clopidogrel related compound B, or
any other impurity from the Sample solution
rS= peak response of clopidogrel from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Clopidogrel related compound Aa
Clopidogrel
Clopidogrel related compound Bb
Any other impurityc
Total impurities

Relative
Retention
Time
0.4
1.0
1.1
—
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.3
0.10
0.5
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a (+)-(S)-(o-Chlorophenyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-acetic acid.
b Methyl (+/ )-(o-chlorophenyl)-4,5-dihydrothieno[2,3-c]pyridine-6(7H)-acetate.
c Disregard any peak less than 0.05%.
USP36

Add the following:
• Limit of Clopidogrel Related Compound C
Mobile phase: Heptane and dehydrated alcohol (85:15)
Standard solution: 0.02 mg/mL each of USP Clopidogrel Bisulfate RS, USP Clopidogrel
Related Compound B RS, and USP Clopidogrel Related Compound C RS prepared as follows.
Dissolve a quantity of USP Clopidogrel Bisulfate RS, USP Clopidogrel Related Compound B
RS, and USP Clopidogrel Related Compound C RS in dehydrated alcohol (about 50% of the
volume of the flask), and dilute with heptane to volume.
Sample solution: 2 mg/mL of Clopidogrel Bisulfate prepared as follows. Transfer 100 mg of
Clopidogrel Bisulfate to a 50-mL volumetric flask, dissolve in 25 mL of dehydrated alcohol,
and dilute with heptane to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 10-µm packing L32
Flow rate: 0.8 mL/min
Injection volume: 10 µL
Run time: 1.25 times the retention time of clopidogrel
System suitability
Sample: Standard solution
[Note—The relative retention times for clopidogrel related compound B, clopidogrel, and
clopidogrel related compound C are 0.7, 1.0, and 0.6, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between clopidogrel related compound C and clopidogrel related
compound B
Signal-to-noise ratio: NLT 20 for clopidogrel related compound C peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of clopidogrel related compound C in the portion of the sample
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of clopidogrel related compound C from Sample solution
rS= peak response of clopidogrel related compound C from Standard solution
C=
S concentration of the clopidogrel related compound C in Standard solution (mg/mL)
C=
U concentration of Clopidogrel Bisulfate in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.5% USP36
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SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers. and store at controlled room
temperature
Store as per labeling instructions. Possible storage conditions could include the following, in
presence of stability data supporting the condition: Store in a refrigerator between 2 and
8 . Store at controlled room temperature.

USP36

• USP Reference Standards 11
USP Clopidogrel Bisulfate RS
USP Clopidogrel Related Compound A RS
(+)-(S)-(o-Chlorophenyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-acetic acid,
hydrochloride.
C15 H14 ClNO2 S·HCl
307.8
USP Clopidogrel Related Compound B RS
Methyl (+/ )-(o-chlorophenyl)-4,5-dihydrothieno[2,3-c]pyridine-6(7H)-acetate,
hydrochloride.
C16 H17 Cl2 NO2 S
419.90
USP Clopidogrel Related Compound C RS
Methyl (-)-(R)-(o-chlorophenyl)-6,7-dihydrothieno[3,2-c]pyridine-5(4H)-acetate,
hydrogen sulfate.
C16 H16 ClNO2 S·H2 SO4
419.90
BRIEFING
Didanosine Delayed-Release Capsules. Because there is no existing USP monograph for this
dosage form, a new monograph based on validated methods of analyses is proposed. The
HPLC procedures in the Assay and test for Organic Impurities are based on analyses
performed with a Supelco LC-18-DB (base-deactivated) brand of L1 column. The typical
retention times for didanosine peak in the Assay and test for Organic Impurities is 11 min.
The chromatographic procedure in the Dissolution test was validated using a Waters
Symmetry Shield RP-8 brand of packing L7. Using this column the retention times are about
0.9 min for didanosine related compound A and about 2 min for didanosine.
(SM1: A. Martin-Esker, B. Davani, R. Tirumalai.)
Correspondence Number—C97831

Comment deadline: March 31, 2012
Add the following:
Didanosine Delayed-Release Capsules
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DEFINITION
Didanosine Delayed-Release Capsules contain NLT 90.0% and NMT 110.0% of the labeled
amount of didanosine (C10 H12 N4 O3 ).
IDENTIFICATION
• A. The retention time of major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Infrared Absorption 197
[Use either methods described under Infrared Absorption 197A or 197K .]
Sample: Empty the contents of a suitable number of Capsules, and grind to a fine powder
ASSAY
• Procedure
Buffer: 0.77 g/L of ammonium acetate in water and pass through a suitable membrane filter
of 0.45-µm pore size
Mobile phase: Acetonitrile and Buffer (35:965)
Diluent: 34.8 g/L of dibasic potassium phosphate and adjust with phosphoric acid to a pH
of 7.5. Use within two weeks of preparation.
Standard solution: 0.1 mg/mL of USP Didanosine RS in water
Sample stock solution: Nominally prepare a solution at 0.6 mg/mL to 2.0 mg/mL of
didanosine as follows. Mix a composite of the Capsule contents from NLT 20 Capsules in a
suitable container, weigh 1 Capsule fill weight, transfer to a suitable size volumetric flask,
and add 50% of the final volume of Diluent. Stir, shake or sonicate to dissolve. Cool to
room temperature, and dilute with Diluent to final volume.
Sample solution: Nominally 0.1 mg/mL of didanosine in Diluent from the Sample stock
solution and use within 24 h
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of didanosine (C10 H12 N4 O3 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of didanosine from the Sample solution
rS= peak response of didanosine from the Standard solution
C=
S concentration of USP Didanosine RS in the Standard solution (mg/mL)
C=
U nominal concentration of didanosine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711 : Proceed as directed for Method B under Procedure, Apparatus 1,
Apparatus 2, and Delayed-Release Dosage Forms.
Acid stage medium: 0.1 N hydrochloric acid; 1000 mL
Buffer 1: 76 g/L of tribasic sodium phosphate in water
Buffer stage medium: 0.1 N hydrochloric acid and 0.2 M tribasic sodium phosphate (3:1).
Adjust with phosphoric acid or 10 N sodium hydroxide to a pH of 6.8; 1000 mL
Buffer 2: 1.36 g/L of monobasic potassium phosphate in water
Apparatus 1: 100 rpm
Time
Acid stage: 2 h
Buffer stage: 45 min
Mobile phase: Acetonitrile and Buffer 2 (2:98)
Sample solution: Run the Acid stage. After the time specified, withdraw a portion of the
solution under test, and pass it through a suitable filter. To the filtrate, add a volume of
10 N sodium hydroxide equivalent to 1% of the filtrate volume. Raise the basket. Discard
the Acid stage medium from the vessels. Rinse the vessel with water. Add the Buffer
stage medium pre-warmed to the vessel. After the time specified, withdraw a portion of
the solution under test and pass it through a suitable filter. Store the acid stage and
buffer stage filtrates at 5 .
Standard stock solution: 0.8 mg/mL of USP Didanosine RS in water
Didanosine related compound A standard stock solution: 0.1 mg/mL of USP Didanosine
Related Compound A RS in water
Standard solution: Accurately transfer portions of the Standard stock solution and the
Didanosine related compound A standard stock solution to a volumetric flask, and dilute
with water to volume to obtain a didanosine final concentration of L/1000 mg/mL where L
is the Capsule label claim in mg and 0.01 mg/mL of didanosine related compound A.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 3.9-mm × 5-cm; 5-µm, packing L7
Flow rate: 1 mL/min
Sample temperature: 5
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for both the didanosine and didanosine related compound A
peaks
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Relative standard deviation: NMT 2.0% for the didanosine peak and NMT 5.0% for
the didanosine related compound A peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of didanosine as calculated based on response of didanosine
related compound A released in the Acid stage:
Result = (rU/rS) × (CS/L) × D × (Mr1/Mr2) × V × 100
Calculate the percentage of didanosine released in the Buffer stage:
Result = (rU/rS) × (CS/L) × D × V × 100
rU= peak response from the Sample solution. [Note—During the Acid stage, didanosine is
converted to Didanosine related compound A so the peak response is the
hypoxanthine peak. ]
rS= peak response from the Standard solution. [Note—During the Acid stage, didanosine
is converted to Didanosine related compound A so the peak response is the
hypoxanthine peak. ]
CS= concentration of didanosine in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
D = dilution factor of the Sample solution, if applicable
Mr1
= molecular weight of didanosine, 236.2
Mr2
= molecular weight of didanosine related compound A, 136.11
V = volume of medium, 1000 mL
Tolerances
Acid stage: NMT 10% (Q) of the labeled amount of didanosine (C10 H12 N4 O3 ) is dissolved
in 2 h.
Buffer stage: NLT 80% (Q) of the labeled amount of didanosine (C10 H12 N4 O3 ) is
dissolved in 45 min.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer, Mobile phase, Diluent, Sample stock solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 0.1 mg/mL of USP Didanosine RS and 5 µg/mL of USP
Didanosine Related Compound A RS in water
Standard solution: 5 µg/mL of USP Didanosine Related Compound A RS in water
System suitability
Sample: System suitability solution
Suitability requirements
Tailing factor: NMT 1.5 for the didanosine peak
Relative standard deviation: NMT 2.0% for the didanosine peak and NMT 5.0% for
the didanosine related compound A peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of didanosine related compound A in the portion of Capsules
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taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of didanosine related compound A from the Sample solution
rS= peak response of didanosine related compound A from the Standard solution
C=
S concentration of USP Didanosine Related Compound A RS in the Standard solution,
(mg/mL)
C=
U nominal concentration of didanosine in the Sample solution, (mg/mL)
Calculate the percentage of any unspecified impurities in the portion of Capsules taken:
Result = (rX/rSUM)× 100
rX = peak response of each impurity from the Sample solution
rSUM
= peak response of all peaks from the Sample solution
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Didanosine related compound Aa
0.21
2
Didanosine
1.0
—
Any unspecified impurities
—
0.2
Total unspecified impurities
—
0.5
Total impurities
—
2.5
a Hypoxanthine
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is not more than 102 cfu/g. The total yeasts and molds count
is not more than 102 cfu/g.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Didanosine RS
USP Didanosine Related Compound A RS
6-Hydroxypurine (Hypoxanthine).
C5 H4 N4 O
136.11
USP36

BRIEFING
Escitalopram Oxalate, page 4957 of the First Supplement to USP 34. It is proposed to include
oxalic acid in Table 2 because the oxalate counterion in the drug substance elutes as oxalic
acid at a retention time of about 2.8 min. The oxalic acid peak may be misinterpreted as an
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unspecified impurity. The revised table includes oxalic acid with its appropriate relative
retention time along with an explanatory footnote to disregard this peak when determining
conformance.
(SM4: R. Ravichandran.)
Correspondence Number—C109933

Comment deadline: March 31, 2012
Add the following:
Escitalopram Oxalate

C20 H21 FN2 O·C2 H2 O4

414.43

S-(+)-5-Isobenzofurancarbonitrile, 1-[3-(dimethylamino)propyl]-1-(4-fluorophenyl)-1,3dihydro-, oxalate;
S-(+)-1-[3-(Dimethylamino)propyl]-1-(p-fluorophenyl)-5-phthalancarbonitrile oxalate
[219861-08-2].
DEFINITION
Escitalopram Oxalate contains NLT 98.0% and NMT 102.0% of C20 H21 FN2 O·C2 H2 O4 , calculated
on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 3.4 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid or
sodium hydroxide solution to a pH of 3.0 prior to final dilution.
Solution A: Acetonitrile and Buffer (10:90)
Solution B: Acetonitrile and Buffer (65:35)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
35
65
35
45
0
100
45.1
0
100

Flow Rate
(mL/min)
1
1
1
2
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60
0
100
2
60.1
95
5
1
68
95
5
1
[Note—The gradient was established on an HPLC system with a dwell volume of
approximately 1.6 mL. The injection time can be adjusted relative to the start of a run to
accommodate changes in dwell volume from one HPLC system to another to achieve the
separation described. ]
System suitability solution: 2 µg/mL each of USP Escitalopram Oxalate RS and USP
Citalopram Related Compound D RS in Solution A
Standard solution: 0.5 mg/mL of USP Escitalopram Oxalate RS in Solution A
Sample solution: 0.5 mg/mL of Escitalopram Oxalate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 45
Flow rate: See Table 1.
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between escitalopram and citalopram related compound D, System
suitability solution
Tailing factor: 0.8–3, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of escitalopram oxalate (C20 H21 FN2 O·C2 H2 O4 ) in the portion of
Escitalopram Oxalate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Enantiomeric Purity
Buffer: Dissolve 6.8 g of monobasic potassium phosphate in 250 mL of water, add 150 mL
of 0.2 N sodium hydroxide, adjust with phosphoric acid or sodium hydroxide solution to a
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pH of 7.0, and dilute with water to 1 L.
Mobile phase: Acetonitrile and Buffer (3:17)
System suitability solution: 125 µg/mL each of USP R-Citalopram Oxalate RS and USP
Escitalopram Oxalate RS in Mobile phase
Sample solution: 125 µg/mL of Escitalopram Oxalate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L57
Column temperature: 30
Flow rate: 0.6 mL/min
Injection volume: 15 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.3 between R-citalopram and escitalopram
Tailing factor: 0.8–2.5 for escitalopram
Analysis
Sample: Sample solution
Calculate the percentage of R-citalopram oxalate in the portion of Escitalopram Oxalate
taken:
Result = (rU/rS) × 100
r=
U peak response of R-citalopram from the Sample solution
r=
S peak response of escitalopram from the Sample solution
Acceptance criteria: NMT 3.0%
Change to read:
• Organic Impurities
Buffer, Solution A, Solution B, Mobile phase, System suitability solution, Standard
solution, Sample solution, and Chromatographic system: Proceed as directed in the
Assay.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between escitalopram and citalopram related compound D, System
suitability solution
Tailing factor: 0.8–3, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Escitalopram Oxalate taken:
Result = (rU/rS) × (1/F) × 100
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r=
U peak response of each impurity from the Sample solution
r=
S peak response of escitalopram from the Sample solution
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
0.075
—
— USP36
Oxalic acid*
a
5-Dimethylaminobutyryl citalopram 0.40 0.34 0.2 Citalopram related compound Ab 0.50 0.79 0.1
Citalopram related compound Bc (3-hydroxycitalopram) 0.74 1.0 0.1 Citalopram related
compound Cd (3-oxocitalopram) 0.90 0.79 0.1 Citalopram related compound De (desmethyl
citalopram) 0.97 1.0 0.1 Escitalopram 1.0 — — Citalopram related compound Ef (citalopram Noxide) 1.1 1.0 0.1 Individual unspecified impurity — 1.0 0.1 Total impurities — — 0.5
* Included for identification only. This peak is due to the oxalate counterion and hence is not
an impurity.
USP36

a 1-(3-Dimethylaminopropyl)-1-(4¢-fluorophenyl)-5-(4-dimethylaminobutyryl)-1,3dihydroisobenzofuran.
b 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carboxamide.
c 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-dihydroisobenzofuran-5carbonitrile.
d 3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone.
e 1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-carbonitrile.
f 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carbonitrile-Noxide.
SPECIFIC TESTS
• Water Determination, Method Ia

921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP R-Citalopram Oxalate RS
(R)-1-[3-(Dimethylamino)propyl]-1-(p-fluorophenyl)-5-phthalancarbonitrile oxalate.
C20 H21 FN2 O·C2 H2 O4
414.43
USP Citalopram Related Compound D RS
1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-carbonitrile
hydrochloride.
C19 H19 FN2 O·HCl
346.83
USP Escitalopram Oxalate RS
1S (USP34)

BRIEFING
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Galantamine Hydrobromide, USP 34 page 2945. On the basis of comments received, it is
proposed to revise the composition of the System suitability solution in Enantiomeric Purity,
Procedure 2. The current monograph uses a high concentration of USP Galantamine
Hydrobromide RS and a low concentration of USP Galantamine Racemic RS. Such a
combination does not allow the measurement of resolution as there are some additional
peaks that are present in the chromatogram between the R and S enantiomers. USP
received data to support the use of only galantamine hydrobromide racemic mixture for
system suitability evaluation. Based on that data, it is proposed to use a racemic mixture of
galantamine at a concentration of 2.4 µg/mL. In addition, the reference to the general
chapter Capillary Electrophoresis 727 , System Suitability has been deleted from
Enantiomeric Purity, Procedure 1, because this chapter has been omitted from USP–NF in
USP 34.
(SM4: R. Ravichandran.)
Correspondence Number—C107270

Comment deadline: March 31, 2012
Galantamine Hydrobromide

C17 H21 NO3 ·HBr

368.27

6H-Benzofuro[3a,3,2-ef][2]benzazepin-6-ol, 4a,5,9,10,11,12-hexahydro-3-methoxy-11-methyl, hydrobromide, (4aS,6R,8aS)-;
(4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol hydrobromide
[1953-04-4].
DEFINITION
Galantamine Hydrobromide contains NLT 98.0% and NMT 102.0% of galantamine hydrobromide
(C17 H21 NO3 ·HBr), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
[Note—Specimens are to be prepared using undried USP Galantamine Hydrobromide RS and the
test article. ]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
System suitability solution, as obtained in the Assay.
• C. Identification Tests—General, Bromide 191
Sample solution: A solution of 7 mg/mL in water
Acceptance criteria: Meets the requirements of the silver nitrate precipitate test
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ASSAY
• Procedure
Diluent: Methanol and water (1:19)
Buffer: 0.79 g/L of dibasic sodium phosphate dihydrate and 2.46 g/L of anhydrous
monobasic sodium phosphate in water
Solution A: Methanol and Buffer (5:95)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
6.0
100
0
20.0
95
5
35.0
85
15
50.0
80
20
51.0
40
60
55.0
40
60
56.0
100
0
60.0
100
0
System suitability solution: 1 mg/mL of USP Galantamine Hydrobromide Related
Compounds Mixture RS in Diluent
Standard solution: 1.0 mg/mL of USP Galantamine Hydrobromide RS in Diluent
Sample solution: 1.0 mg/mL of Galantamine Hydrobromide in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 10-cm; 3.5-µm packing L1
Column temperature: 55
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—For relative retention times, see Table 2. ]
Suitability requirements
Resolution: NLT 4.5 between galantamine and 6 -hexahydrogalantamine, System
suitability solution
Tailing factor: NMT 2.0 for galantamine hydrobromide, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of galantamine hydrobromide (C17 H21 NO3 ·HBr) in the portion of
Galantamine Hydrobromide taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Galantamine Hydrobromide RS in the Standard solution (mg/mL)
C=
U concentration of Galantamine Hydrobromide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Limit of Palladium
[Note—Perform this test only if palladium is a known inorganic impurity of the manufacturing
process. ]
Standard stock solution: 20 mg/L of palladium reference stock solution (NIST traceable)
in water
Aqua regia: Under a hood, carefully mix hydrochloric acid and nitric acid (3:1).
[Note—To obtain each of the required Standard solutions, it is recommended that the required
volume of Standard stock solution be mixed with a volume of Aqua regia equivalent to 5%
of the final volume, followed by water. ]
Standard solution A: 0.2 mg/L of palladium from the Standard stock solution in water
Standard solution B: 1.0 mg/L of palladium from the Standard stock solution in water
Standard solution C: 2.0 mg/L of palladium from the Standard stock solution in water
System suitability solution: Prepare a solution having a known concentration of 1.6 mg/L
of palladium, as directed for Standard solutions.
Sample solution: Weigh 1 g of Galantamine Hydrobromide. Transfer the sample to an
appropriate digestion system, and digest using appropriate acids (e.g., nitric acid or
mixtures of nitric acid and sulfuric acid and mixtures of nitric acid and hydrogen peroxide).
After digestion, heat to dryness. Add 0.5 mL of Aqua regia and 2 mL of water. Warm
gently to dissolve any residue. Allow to cool. Transfer quantitatively to a 10-mL
volumetric flask, and dilute with water to volume.
Digestion blank solution: Prepare this solution following the procedure for the Sample
solution, without the test article.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectroscopy (flame)
Analytical wavelength: 247.6 nm (0.2-nm slit width)
Lamp: Palladium hollow-cathode
Blank solution: Dilute 5 mL of Aqua regia with water to 100 mL.
System suitability
Samples: Standard solution A, Standard solution B, Standard solution C, System
suitability solution, and Blank solution
Using the Standard solutions and Blank solution, construct a calibration curve.
Suitability requirements
Correlation coefficient: NLT 0.99
Recovery: 87.5%–112.5%, System suitability solution. [Note—Recovery is calculated
using the calibration curve. ]
Analysis

PF 38(1): Jan.-Feb. 2012

146

Samples: Sample solution and Digestion blank solution
Calculate the concentration of palladium in the Sample solution, using the calibration curve,
corrected for the Digestion blank solution and the sample weight. Calculate the amount of
palladium in the Galantamine Hydrobromide taken to prepare the Sample solution.
Acceptance criteria: NMT 10 ppm
Change to read:
• Organic Impurities
Diluent, Buffer, Solution A, Solution B, Mobile phase, System suitability solution,
Sample solution, Chromatographic system, and
System suitability USP34
: Prepare as directed in the Assay.
Standard solution: 5.0 µg/mL of USP Galantamine Hydrobromide RS in Diluent
Analysis
Samples: Sample solution and Standard solution
[Note—Ignore the peak due to bromide near the void volume and any peak below 0.05%. ]
Calculate the percentage of each impurity in the portion of Galantamine Hydrobromide
taken, on the dried basis:
Result = (rU/rS) × (CS/CU) × (1/F) × (100/100

L)

rU= peak response of each impurity from the Sample solution
rS= peak response of galantamine from the Standard solution
C=
S concentration of USP Galantamine Hydrobromide RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
F= relative response factor (see Table 2)
L= loss on drying in percent
Acceptance criteria: See Table 2.
Table 2

Name
N-Desmethylgalantaminea
O-Desmethylgalantamineb
6 -Hexahydrogalantamine (also known as
galantamine N-oxide)c
6 -Octahydrogalantamined
Galantamine hydrobromide
6 -Hexahydrogalantamine (also known as
epigalantamine)e
Narwedinef
Tetrahydrogalantamineg
Any unspecified impurity
Total impuritiesh

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.29
0.35

1.2
1.1

0.6
0.20

0.65

0.96

0.20

0.82
1.00

0.81
1.0

0.35
—

1.16
1.64 USP34
2.05
—
—

0.95
1.9 USP34
1.2
1.0
—

0.20
0.15
0.40
0.10
1.0
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a (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol.
b (4aS,6R,8aS)-4a,5,9,10,11,12-Hexahydro-3-hydroxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-ol.
c [4aS-(4a ,6 ,8aR*)]-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol, N-oxide.
d [4aS-(4a ,6 ,8aR*)]-4a,5,7,8,9,10,11,12-Octahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
e [4aS-(4a ,6 ,8aR*)]-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6Hbenzofuro[3a,3,2-ef][2]benzazepin-6-ol.
f (4aS,8aS)-4a,5,9,10,11,12-Hexahydro-3-methoxy-11-methyl-6H-benzofuro[3a,3,2-ef]
[2]benzazepin-6-one.
[Note—This is a process impurity that may be found in galantamine hydrobromide isolated
from a natural source. ] USP34
g [4aS-(4aR*,8aR*)]-9,10,11,12-Tetrahydro-3-methoxy-11-methyl-4aHbenzofuro[3a,3,2-ef][2]benzazepine.
h Do not include the 4R,8R-stereoisomer.
Change to read:
• Enantiomeric Purity
[Note—If Galantamine Hydrobromide is not isolated from a natural source, perform either
Procedure 1 or Procedure 2. ]
Procedure 1
Background electrolyte solution: 8.9 g/L of dibasic sodium phosphate dihydrate in
water. Adjust with phosphoric acid to a pH of 3.0.
Run buffer: 19.6 g/L of -cyclodextrin hydrate in Background electrolyte solution. Pass
the solution through a filter of 0.22-µm pore size.
Standard solution: 5 µg/mL of USP Galantamine Hydrobromide Racemic RS in water. Pass
the solution through a filter of 0.22-µm pore size, discarding the first 8 mL.
Sample solution: 0.5 mg/mL of Galantamine Hydrobromide in water. Pass the solution
through a filter of 0.22-µm pore size, discarding the first 8 mL.
Capillary rinse procedure: Use separate Run buffer vials for the capillary rinse and
sample analysis. Proceed as directed Table 3.
Table 3
Time
Step #
Solution/Gas
(min)
1 0.1 N sodium hydroxide 15
2 Water
10
3 Suitable gas
5
[Note—If a new or dry capillary is being used, rinse with 1 N sodium hydroxide for 30 min,
followed by rinsing with water for 15 min. Dry it with air or nitrogen for 10 min. ]
Electrophorectic system
(See Capillary Electrophoresis
USP36

727 , System Suitability.)
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Mode: CE
Detector: UV 214 nm
Column: 75-µm × 60-cm uncoated fused-silica
Column temperature: 20
Applied voltage: 250 V/cm, positive polarity
Run time: 35 min
System suitability
Sample: Standard solution. [Note—For the purpose of identification, the 4S,8S
stereoisomer elutes at an approximate relative migration time (RMT) of 1.00, and the
4R,8R stereoisomer elutes at an RMT of about 1.05. ]
Suitability requirements
Resolution: NLT 2.5 between the two enantiomers
Relative standard deviation: NMT 10% for the 4R,8R stereoisomer peak
Measure the migration times and peak responses: the migration times for the 4R,8R
stereoisomer in the electropherograms for the Sample solution should not deviate by
more than 5% of the migration time for the same component in the electropherogram
of the Standard solution.
Analysis
Samples: Standard solution and Sample solution
Injection: [Note—Rinse the capillary between injections as follows: water for 5 min,
followed by Run buffer for 5 min. Rinse times are based on a rinse pressure of 1.4
bar. ]
Sample solution: 34.5 mbar for 4 s
Run buffer: 6.9 mbar for 5 s
Calculate the corrected peak responses using the formula:
Result = (r/m)
r= peak response
m= migration time of the peak (min)
Calculate the limit of the 4R,8R isomer, in percent, in the portion of Galantamine
Hydrobromide taken:
Result = (rCU/rCS) × (CS/CU) × P × 100
rCU
= average corrected peak responses for the 4R,8R isomer from the Sample solution
rCS= average corrected peak responses for the 4R,8R isomer from the Standard solution
CS= concentration of USP Galantamine Hydrobromide RS in the Standard solution
(mg/mL)
CU= concentration of Galantamine Hydrobromide in the Sample solution (mg/mL)
P = chiral purity of USP Galantamine Hydrobromide Racemic RS, 0.5
Acceptance criteria: NMT 0.10% of the 4R,8R stereoisomer
Procedure 2
[Note—Use low-actinic glassware and vials. It is recommended that precautions be taken to
protect all solutions from light. ]
Buffer: 8.2 g/L of sodium acetate in water
Mobile phase: Acetonitrile and Buffer (2:98). Adjust with acetic acid to a pH of 6.5.
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System suitability solution: 1.2 mg/mL of USP Galantamine Hydrobromide RS and 3.6
µg/mL of USP Galantamine Hydrobromide Racemic RS in water. [Note—This solution will
contain about 1.8 µg/mL of the 4R,8R stereoisomer. ]
2.4 µg/mL of USP Galantamine Hydrobromide Racemic RS in water. [Note—This solution
will contain about 1.2 µg/mL of the 4R,8R stereoisomer. ] USP36
Sample solution: 1.2 mg/mL of Galantamine Hydrobromide in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.0-mm × 15-cm; 5-µm packing L41. [Note—Alternatively a 2.0-mm × 15.0cm column containing 5-µm L41 packing can be used with a recommended flow rate of
about 0.2 mL/min. ]
Flow rate: 0.8 mL/min
Injection volume: 5 µL
System suitability
Sample: System suitability solution. [Note—The 4R,8R stereoisomer elutes first as the
minor peak followed by the major peak due to galantamine (which is the same as the
4S,8S stereoisomer). ]
Suitability requirements
Resolution: NLT 3.0 between the 4R,8R stereoisomer and galantamine peaks
Relative standard deviation: NMT 5.0% for the 4R,8R stereoisomer peak
Analysis
Sample: Sample solution
Calculate the percentage of 4R,8R stereoisomer in the portion of Galantamine
Hydrobromide taken:
Result = 100 × [r4R,8R/(r4R,8R + r4S,8S)]
r4R,8R
= peak area of the 4R,8R stereoisomer from the Sample solution
r4S,8S
= peak area of the galantamine peak from the Sample solution
Acceptance criteria: NMT 0.10% of the 4R,8R stereoisomer
USP34

SPECIFIC TESTS
• Loss on Drying 731 :
Analysis: Dry a sample at 105 for 4 h.
Acceptance criteria: NMT 0.5%
Add the following:
• Optical Rotation, Specific Rotation 781
[Note—If Galantamine Hydrobromide is isolated from a natural source, perform the test for
Optical Rotation. ]
Sample solution: 20 mg/mL in water
Acceptance criteria:

90 to

ADDITIONAL REQUIREMENTS

100

USP34
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• Packaging and Storage: Store at room temperature. Preserve in well-closed containers.
Add the following:
• Labeling: Label it to state if the source is naturally derived or is synthetic. If the source is
not natural, perform either Procedure 1 or Procedure 2 of the test for Enantiomeric Purity.
If the source is natural, perform the test for Optical Rotation

781 , Specific Rotation.

USP34

• USP Reference Standards 11
USP Galantamine Hydrobromide RS
USP Galantamine Hydrobromide Racemic RS
A 50:50 mixture of 4S,8S and 4R,8R isomers.
USP Galantamine Hydrobromide Related Compounds Mixture RS
Contains galantamine hydrobromide, 6 -hexahydrogalantamine, 6 octahydrogalantamine, 6 -hexahydrogalantamine, and tetrahydrogalantamine.
BRIEFING
Gentamicin Sulfate, USP 34 page 2959. On the basis of comments received, it is proposed to
make the following changes.
The test for Content of Gentamicins is replaced with an HPLC procedure that uses a
pulsed-amperometric detector in place of derivatization using the hazardous reagent,
o-phthalaldehyde. The proposed procedure is based on data obtained using a Gemini
C18 brand of L1 column. The typical retention time for sisomicin is about 16 min.
YMC-Pack Pro C18, Zorbax StableBond C18, TSKgel ODS-80Ts, and Inertsil ODS3
columns were also demonstrated to be suitable for this procedure.
The test for Limit of Methanol is revised to indicate that this test is to be performed if
methanol is used in the manufacturing process.
(SM1: A. Wise.)
Correspondence Number—C103135

Comment deadline: March 31, 2012
Gentamicin Sulfate

Gentamicin sulfate (salt);
Gentamycin sulfate
[1405-41-0].
DEFINITION
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Gentamicin Sulfate is the sulfate salt, or a mixture of such salts, of the antibiotic substances
produced by the growth of Micromonospora purpurea. It has a potency equivalent to NLT 590
µg/mg of gentamicin, calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Sulfate

191

ASSAY
• Procedure
Analysis: Proceed as directed for Gentamicin under Antibiotics—Microbial Assays 81 .
Acceptance criteria: NLT 590 µg/mg of gentamicin, calculated on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 1.0%
Change to read:
• Limit of Methanol
(if present) USP36
Internal standard solution: 0.50% v/v of n-propyl alcohol
Standard solution: 0.25% v/v each of methanol and n-propyl alcohol
Control solution: 250 mg/mL of Gentamicin Sulfate
Sample solution: 250 mg/mL of Gentamicin Sulfate in a mixture of Internal standard
solution and water (1:1).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 1.5-m; packed with support S3
Temperature:
Column: Constant temperature between 120 and 140
Injector: Constant temperature at least 50 higher than the column temperature
Detector: Constant temperature at least 50 higher than the column temperature
Carrier gas: Nitrogen
Flow rate: Constant flow rate between 30–40 mL/min
Injection type: Syringe with a polytef-tipped plunger
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.0 between n-propyl alcohol and methanol
Analysis
Samples: Standard solution, Sample solution, and Control solution
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Chromatograph the Control solution, and examine the chromatogram: if any peak is
observed at a retention time corresponding to that of n-propyl alcohol, use the response
of that peak to correct the n-propyl alcohol peak response of the Sample solution.
Calculate the percentage of methanol in the Gentamicin Sulfate taken:
Result = (RU/RS) × CS /CU × D × F× 100
R=
U peak area response of methanol to n-propyl alcohol (corrected for any peak at the
locus of the n-propyl alcohol peak in the Control solution) from the Sample solution
RS= peak area response of methanol to n-propyl alcohol from the Standard solution
C=
S percentage of methanol in the Standard solution (% v/v)
C=
U concentration of Gentamicin Sulfate in the Sample solution (mg/mL)
D= density of methanol (g/mL)
F= conversion factor (0.001 g/mg)
Acceptance criteria: NMT 1.0%
SPECIFIC TESTS
Change to read:
• Content of Gentamicins
Mobile phase: Mix 700 mL of methanol, 250 mL of water and 50 mL of glacial acetic acid.
Dissolve 5 g of sodium 1-heptanesulfonate in this solution.
Solution A: Dissolve 1.0 g of o-phthalaldehyde in 5 mL of methanol, and add 95 mL of 0.4
M boric acid, previously adjusted with 8 N potassium hydroxide to a pH of 10.4, and 2 mL
of thioglycolic acid. Adjust the resulting solution with 8 N potassium hydroxide to a pH of
10.4.
Standard stock solution: 0.65 mg/mL of USP Gentamicin Sulfate RS
Standard solution: Transfer 10 mL of Standard stock solution to a suitable test tube, add
5 mL of isopropyl alcohol and 4 mL of Solution A, mix, and add isopropyl alcohol to obtain
25 mL of solution. Heat at 60 in a water bath for 15 min, and cool.
Sample stock solution: 0.65 mg/mL of Gentamicin Sulfate
Sample solution: Transfer 10 mL of Sample stock solution to a suitable test tube, add 5
mL of isopropyl alcohol and 4 mL of Solution A, mix, and add isopropyl alcohol to obtain 25
mL of solution. Heat at 60 in a water bath for 15 min, and cool.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 330 nm
Column: 5-mm × 10-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.25 between any two peaks
Capacity factor: Between 2 and 7 for the gentamicin C1 peak
Column efficiency: NLT 1200 theoretical plates for the gentamicin C2 peak
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
[Note—The elution order is gentamicin C1 , gentamicin C1a, gentamicin C2a, and
gentamicin C2 . ]
Calculate the percentage of gentamicin C1 , gentamicin C1a, gentamicin C2a, and gentamicin
C2 in the portion of Gentamicin Sulfate taken:
Result = (rU/rT) × 100
r=
U peak area response corresponding to the particular gentamicin
r=
T sum of the area responses of all four peaks
Acceptance criteria
Content of gentamicin C 1: 25%–50%
Content of gentamicin C 1a : 10%–35%
Sum of the contents of gentamicin C 2a and gentamicin C 2: 25%–55%
Mobile phase: To 900 mL of carbonate-free water, add 7 mL of trifluoroacetic acid, 250
µL of pentafluoropropanoic acid, and 5 mL of 12.5 M sodium hydroxide (carbonate-free).
Allow to equilibrate, and adjust with 0.5 M sodium hydroxide (carbonate-free) to a pH of
2.6. Add 15 mL of acetonitrile, and dilute with carbonate-free water to 1 L. If necessary,
adjust the volume of acetonitrile in the Mobile phase. A total volume of up to 50 mL can
be added per L of Mobile phase.
System suitability solution: 100 µg/mL of USP Gentamicin Sulfate RS and 20 µg/mL of
USP Sisomicin Sulfate RS in Mobile phase
Sample solution: 0.2 mg/mL of Gentamicin Sulfate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Pulsed amperometric electrochemical detector
Indicator electrode: Gold
Reference electrode: Silver–silver chloride
Auxiliary electrode: Stainless steel. [Note—If the cell body is made of stainless steel,
it can be used as the auxiliary electrode. ]
Waveform: See Table 1.
Table 1
Time (s) Potential (V) Integration
0.00
+0.05
—
0.10
+0.05
Begin
0.40
+0.05
End
0.41
+0.75
—
0.55
+0.75
—
0.56
0.15
—
1.00

0.15

Column: 4.6-mm × 25-cm; 5-µm packing L1

—
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Column temperature: 35
Flow rate: 1 mL/min
Post-column reagent: 20 mg/L sodium hydroxide (carbonate-free), degassed and
introduced pulselessly using a 375-µL polymeric mixing coil. [Note—A suitable mixing
coil is the knitted reaction coil, part number 043700, available from Dionex
Corporation (www.dionex.com). ]
Flow rate of post-column reagent: 0.3 mL/min
Injection volume: 20 µL
Run time: 1.2 times the retention time of gentamicin C1
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between gentamicin C2 and gentamicin C2b
Analysis
Sample: Sample solution
Calculate the percentage of gentamicin C1 , gentamicin C1a, gentamicin C2a, and
gentamicin C2 in the portion of Gentamicin Sulfate taken:
Result = (rU/rT) × 100
r=
U peak area response corresponding to the particular gentamicin
r=
T sum of the area responses of the gentamicin C1a, gentamicin C2 , gentamicin C2a and
gentamicin C1 peaks
Acceptance criteria: Identify peaks by the relative retention times in Table 2.

Name
Garaminea,b
Sisomicina,c
Gentamicin C1a
Gentamicin C2
Gentamicin C2a
Gentamicin C2b
Gentamicin C1

Table 2
Relative
Retention
Time
0.35
1.0
1.1
1.8
2.3
2.0
2.9

Acceptance
Criteria,
NMT (%)
—
—
10%–35%
25%–55%d
25%–50%e

a These compounds are listed for information only and are not to be reported in this
test.
b 4-O-[3-Deoxy-4-C-methyl-3-(methylamino)- -l-arabinopyranosyl]-2-deoxy-lstreptamine.
c O-3-Deoxy-4-C-methyl-3-(methylamino)- -l-arabinopyranosyl-(1®4)-O-[2,6diamino-2,3,4,6-tetradeoxy- -d-glycero-hex-4-enopyranosyl-(1®6)]-2-deoxy-dstreptamine.
d The limit is for the sum of gentamicin C2 and gentamicin C2a.
e The limit is for the sum of gentamicin C2b and gentamicin C1 .
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USP36

• Optical Rotation, Specific Rotation
Sample solution: 10 mg/mL

781S

Acceptance criteria: +107 to +121
• pH 791
Sample solution: 40 mg/mL
Acceptance criteria: 3.5–5.5
• Loss on Drying 731
Analysis: Dry it in vacuum at a pressure NMT 5 mm of mercury at 110 for 3 h.
Acceptance criteria: NMT 18.0%
• Sterility Tests 71 : Where the label states that Gentamicin Sulfate is sterile, it meets the
requirements.
• Bacterial Endotoxins Test 85 : Where the label states that Gentamicin Sulfate is sterile
or must be subjected to further processing during the preparation of injectable dosage
forms, it contains NMT 0.71 USP Endotoxin Unit/mg of gentamicin.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
Change to read:
• USP Reference Standards
USP Endotoxin RS
USP Gentamicin Sulfate RS
USP Sisomicin Sulfate RS

11

USP36

BRIEFING
Hyaluronate Sodium. Because there is no existing USP monograph for this drug substance, a
new monograph based on validated methods of analysis is proposed.
(BB: R. Agarwal, T. Sigambris.)
Correspondence Number—C102346

Comment deadline: March 31, 2012
Add the following:
Hyaluronate Sodium
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[9067-32-7].

DEFINITION
Hyaluronate Sodium is the sodium salt of hyaluronic acid, a glycosaminoglycan consisting of dglucuronic acid and N-acetyl-d-glucosamine disaccharide units. It is extracted from cocks’
comb, or obtained by fermentation from Streptococci Lancefield Groups A and C, or by
fermentation of recombinant Bacillus subtilis. If the hyaluronate sodium is sourced from
domestic animals suitable for human consumption, the sourcing must be specified in compliance
with applicable regulatory requirements. The manufacturing process should be validated to
demonstrate clearance and inactivation of relevant infectious and adventitious agents. When
produced by fermentation of Gram-positive bacteria, the process must be shown to reduce or
eliminate pyrogenic or inflammatory components of the bacterial cell wall. It contains NLT
95.0% and NMT 105.0% of hyaluronate sodium [(C14 H20 NNaO11 )n], calculated on the dried
basis. The intrinsic viscosity is NLT 90% and NMT 120% of the label claim.
IDENTIFICATION
• A. Infrared Absorption 197K
[Note—Alternatively,

197A

may be used. ]

Spectral range: 4000–650 cm 1
Acceptance criteria: Meets the requirements
• B. Identification Tests—General, Sodium

191 : Meets the requirements

ASSAY
• Procedure
[Note—Care must be taken while weighing hyaluronate sodium to minimize moisture absorption.
]
Disodium tetraborate solution: 0.95 g of disodium tetraborate decahydrate in 100.0 mL
of concentrated sulphuric acid. Cool in ice water before use.
Carbazole solution: 0.125 g of carbazole in 100.0 mL of anhydrous ethanol
d-Glucuronic acid standard stock solution: Prepare a 1.0 mg/g solution in water of USP
d-Glucuronic Acid RS that has been previously dried to constant mass under vacuum,
using diphosphorus pentoxide as the desiccant.
d-Glucuronic acid standard solutions: Dilute d-Glucuronic acid standard stock solution
with water to prepare five standard solutions with a range of concentrations of 6.5–65
µg/g of d-glucuronic acid.
Hyaluronate sodium system suitability solution: Dissolve 0.043 g of USP Hyaluronate
Sodium RS in water, and dilute with water to 25.0 g. Dilute 5.0 g of this solution with
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water to 100.0 g.
Sample solution: Dissolve 0.043 g of Hyaluronate Sodium in water, and dilute with water
to 25.0 g. Dilute 5.0 g of this solution with water to 100.0 g. Prepare this solution in
triplicate.
System suitability
(See Spectrophotometry and Light-Scattering 851 .)
Suitability requirements: 95.0%–105.0% of USP Hyaluronate Sodium RS is found in the
Hyaluronate sodium system suitability solution.
Analysis
Samples: Sample solutions, d-Glucuronic acid standard solutions, and Hyaluronate
sodium system suitability solution
Place suitable tubes, labeled 1–34, in ice water. Add 1.0 mL of water (blank) to tube 1;
add 1.0 mL of the five d-Glucuronic acid standard solutions in triplicate to tubes 2–16;
add 1.0 mL of Hyaluronate sodium system suitability solution in triplicate to tubes 17–25;
and add 1.0 mL of three preparations of the Sample solution in triplicate to tubes 26–34.
Add to each tube 5.0 mL of freshly prepared Disodium tetraborate solution, cap the
tubes, mix for a minimum of 10 s, and place in a water bath for exactly 15 min. Cool the
tubes in ice water for a minimum of 5 min, and then add 0.20 mL of Carbazole solution.
Cap the tubes, mix well for a minimum of 15 s, and place in a water bath for exactly15
min. Cool the tubes to room temperature, and measure the absorbance at 530 nm against
the blank. Generate a linear calibration curve using the mean absorbances for the dGlucuronic acid standard solutions, and determine the linear regression equation of the
standards by the least-squares method. The correlation coefficient is NLT 0.9900.
Determine the mean concentrations of d-glucuronic acid in the Hyaluronate sodium
system suitability solutions and Sample solutions.
Calculate the percentage of hyaluronate sodium in the Hyaluronate sodium system
suitability solutions and Sample solutions:
Result = {Z × (Cg/CS) × [100/(100

h)]} × (Mr1/Mr2)

Z = percent purity of d-glucuronic acid in d-Glucuronic acid standard stock solution
Cg= mean of concentrations of d-glucuronic acid in the Hyaluronate sodium system
suitability solutions or Sample solutions (mg/g)
CS= mean of concentrations of hyaluronate sodium in the Hyaluronate sodium system
suitability solutions or Sample solutions (mg/g)
h = percent loss of weight (as calculated under Loss on Drying)
Mr1
= relative molecular mass of the disaccharide fragment, 401.3
Mr2
= relative molecular mass of glucuronic acid, 194.1
Acceptance criteria: 95.0%–105.0% on the dried basis
IMPURITIES
• Chloride and Sulfate, Chloride

221 : NMT 0.5%

• Iron 241
Standard solution: Prepare a solution containing 10 ppm of Standard Iron Solution in
concentrated nitric acid.
Sample solution: Dissolve a 1.0-g equivalent of Hyaluronate Sodium in 4.0 mL of
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concentrated nitric acid by heating in a boiling water bath for 30 min. Cool to room
temperature, and dilute with water to 20.0 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption
Lamp: Iron-hollow cathode using a transmission band of 0.2 nm
Flame: Air–acetylene
Analysis: To 5.0-mL aliquots of Sample solution add 0, 1.0, and 2.0 mL of Standard Iron
Solution, and dilute with water to 10.0 mL. Determine the absorbance of the Sample
solution and Standard solutions at 248.3 nm. Plot the absorbances of the Sample solution
and Standard solutions versus their concentrations, and draw the straight line best fitting
the three plotted points. The intercept on the x-axis of the extended line indicates the
iron content in the Sample solution.
Acceptance criteria: NMT 80 ppm
• Heavy Metals 231
Buffer solution: pH 3.5 buffer. Dissolve 25.0 g of ammonium acetate in 25 mL of water,
and add 38.0 mL of 6 N hydrochloric acid. Adjust, if necessary, with 6 N ammonium
hydroxide or 2 N hydrochloric acid to a pH of 3.5. Dilute with water to 100 mL, and mix.
Sample solution: Transfer the weighed quantity of the substance (1 or 2 g) to a suitable
crucible. [Note—Use 1.0 g. If intended for use in the manufacture of parenteral
preparation, use 2.0 g. ] Ignite the substance, preferably in a muffle furnace, at 600 ± 25
overnight until the carbon is completely burned off. Cool, and then add 2 mL of
hydrochloric acid (concentrated). Evaporate to dryness. Add 5 mL of 2 N hydrochloric
acid, and digest in a boiling water bath. Evaporate slowly to dryness. Add 5 mL of hot
water twice, and digest for 2 min. Transfer the solution to a flask using filtration (ashless
filter), and rinse the crucible with water. Adjust with 10 N sodium hydroxide to a pH of
3.0–4.0, taking care that the combined volume does not exceed 15 mL. Transfer the
solution to a 20-mL volumetric flask. Dilute with water to 20 mL. Use 12 mL of this
solution.
Standard solution: Mix 10 mL of a 1-mg/L Standard Lead Solution and 2 mL of the Sample
solution.
Monitor preparation solution: Transfer 2 mL of a 10-mg/L Standard Lead Solution to a
suitable crucible. Evaporate to dryness at 95 . Cool, and transfer the weighed quantity of
the substance (1 or 2 g) to the crucible. [Note—Use 1.0 g. If intended for use in the
manufacture of parenteral preparation, use 2.0 g. ] Ignite the substance, preferably in a
muffle furnace, at 600 ± 25 overnight until the carbon is completely burned off. Cool, and
then add a few mL of hydrochloric acid (concentrated). Evaporate to dryness. Add 5 mL
of 2 N hydrochloric acid, and digest for 15 min in a boiling water bath. Evaporate slowly to
dryness. Add 5 mL of hot water twice, and digest for 2 min. Decant to a flask, and rinse
the crucible with water. Adjust with 10 N sodium hydroxide to a pH of 3.0–4.0, taking care
that the combined volume does not exceed 15 mL. Filter if necessary, and transfer the
solution to a 20-mL volumetric flask. Dilute with water to 20 mL.
Blank solution: Mix 10 mL of water and 2 mL of the Sample solution.
Monitoring solution: Mix 10 mL of the Monitor preparation solution and 2 mL of the
Sample solution.
Analysis: To 12 mL each of Blank solution, Sample solution, Standard solution, and
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Monitoring solution add 2 mL of Buffer solution, then add 1.2 mL of thioacetamide–glycerin
base TS. Mix, allow to stand for 2 min, and view downward over a white surface. The
color of the Sample solution is not darker than that of the Standard solution; the color of
the Blank solution is not darker than that of the Standard solution; and the color of the
Monitoring solution is about the same as the color of the Standard solution.
Acceptance criteria: NMT 20 ppm. For use in parenteral preparations, NMT 10 ppm
• Nucleic Acids
Analysis: To a 0.10-g equivalent of dried Hyaluronate Sodium add 30.0 mL of saline TS.
Mix gently on a shaker until dissolved. [Note—Approximately 16 h. ] Measure the
absorbance at 260 nm using saline TS as the blank.
Acceptance criteria: NMT 0.5 absorbance units
• Protein
Sodium carbonate solution: 4.0 g of anhydrous sodium carbonate in 100 mL of 0.2 M
sodium hydroxide solution
Cupri-tartaric solution: 0.5 g of copper sulfate in 25 mL of water. Separately, dissolve 1.0
g of disodium tartrate, dihydrate in 25 mL of water. Combine the two solutions. To 2 mL of
the combined solution add 100 mL of Sodium carbonate solution.
Folin-Ciocalteu’s phenol working solution: Folin-Ciocalteu’s phenol solution and water
(1:1)
Standard solution: Prepare a 0.5-mg/mL stock solution of bovine serum albumin in water.
Prepare five dilutions of the stock solution with concentrations of 5–50 µg/mL of bovine
serum albumin.
Sample solution A: Prepare a solution equivalent to 10 mg/mL of dried Hyaluronate Sodium
in water.
Sample solution B: Sample solution A and water (1:1)
Analysis: To 2.5 mL each of Standard solution, Sample solution A, Sample solution B, and
a blank add 2.5 mL of freshly prepared Cupri-tartaric solution. Mix, and incubate for 10
min. Add 0.50 mL of freshly prepared Folin-Ciocalteu’s phenol working solution to each test
tube. Mix, allow the tubes to stand for 30 min, and measure the absorbance at 750 nm
against the blank. From the calibration curve obtained with the absorbances of the
Standard solution, determine the concentration of protein in the Sample solutions.
Acceptance criteria: NMT 0.3%. For use in parenteral preparations, NMT 0.1%.
• Sulfated Glycosaminoglycans
Standard solution: Dissolve 0.149 g of anhydrous sodium sulfate with water to a final
volume of 100.0 mL. Further dilute 10.0 mL of this solution with water to 100.0 mL. Add
1.0 mL of the diluted solution to a test tube (150 mm × 16 mm internal diameter), and dry
in a heating block at 90 –95 . Dissolve the dried residue in 1.0 mL of perchloric acid.
Sample solution: Dissolve a 50.0-mg equivalent of dried Hyaluronate Sodium in 1.0 mL of
perchloric acid in a test tube (150 mm × 16 mm internal diameter).
Analysis: Plug each test tube with a piece of glass wool, and place in a heating block or a
silicone oil bath maintained at 180 . Heat until clear and colorless solutions are obtained
(approximately 12 h). Remove the test tubes, and cool to room temperature. To each test
tube add 3.0 mL of a 33.3-g/L barium chloride solution, cap, and shake vigorously. Allow
the test tubes to stand for 30 min. Shake each test tube again, and determine the
absorbance at 660 nm, using water as a blank. Compare the absorbances of the Standard
solution and the Sample solution.
Acceptance criteria: NMT 1%, if the product is extracted from cocks’ comb

PF 38(1): Jan.-Feb. 2012

160

SPECIFIC TESTS
• Intrinsic Viscosity
[Note—Care must be taken while weighing hyaluronate sodium to minimize moisture absorption.
]
Solution A: 9.00 g of sodium chloride and 1.56 g of anhydrous sodium dihydrogen
phosphate in 1000 mL of water
Solution B: Dissolve 9.00 g of sodium chloride and 1.79 g of disodium hydrogen phosphate
in 1000 mL of water.
Buffer: Mix Solution A with Solution B until a pH of 7.0 is achieved. [Note—Approximately 1:
1.9 volumes (Solution A:Solution B). ] Pass through a sintered-glass filter of NMT 4-µm
pore size.
Sample solution A: Weigh 0.200 g of Hyaluronate Sodium (m0p), and dilute with 50.0 g of
Buffer (m0s ). [Note—The weight of the sample may be adjusted after initial measurement
of viscosity of Sample solution A. ] Mix by shaking at 4 for 24 h. Weigh 5.00 g (m1p) of
the solution, and dilute with 100.0 g (m1s ) of Buffer. Mix by shaking at 25 for 20 min.
Pass the solution through a sintered-glass filter of NMT 100-µm pore size, and discard the
first 10 mL.
[Note—For the sample solutions, a 0.45-µm PVDF filter may also be used; discard the first
few drops. ]
Sample solution B: Weigh 30.0 g (m2p) of Sample solution A, and dilute with 10.0 g (m2s )
of Buffer. Mix by shaking at 25 for 20 min. Pass the solution through a sintered-glass
filter of NMT 100-µm pore size, and discard the first 10 mL.
Sample solution C: Weigh 20.0 g (m3p) of Sample solution A, and dilute with 20.0 g (m3s )
of Buffer. Mix by shaking at 25 for 20 min. Pass the solution through a sintered-glass
filter of NMT 100-µm pore size, and discard the first 10 mL.
Sample solution D: Weigh 10.0 g (m4p) of Sample solution A, and dilute with 30.0 g (m4s )
of Buffer. Mix by shaking at 25 for 20 min. Pass the solution through a sintered-glass
filter of NMT 100-µm pore size, and discard the first 10 mL.
Viscometer: Suspended level capillary type
Specifications
Viscometer constant: About 0.005 mm2/s2
Kinematic viscosity: 1–5 mm2/s
Internal diameter
Tube R: 0.53 mm
Tube N: 2.8–3.2 mm with a funnel-shaped lower capillary
Volume of bulb C: 5.6 mL
Analysis: Determine the flow times for the Buffer (t 0), Sample solution A (t 1), Sample
solution B (t 2), Sample solution C (t 3), and Sample solution D (t 4), in triplicate at 25.0 ±
0.1 . The test is not valid unless the flow time t 1 is NLT 1.6 and NMT 1.8 times t 0. If this
is not the case, then adjust the value of m0p and repeat the procedure.
Calculate the relative viscosity (
ri
ri=

,

r1

,

r2

, or

r3

r4

ri)

= [t i

of each solution:
(B/t i2)]/[t 0

(B/t 02)]
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t i = t1, t2, t3, or t4
B = kinetic energy correction factor for the capillary, 30800 s3
Calculate the concentration (C1) of Hyaluronate Sodium in the Sample solution:
C1 = (m0p) × (x/100) × ((100

h)/100) × (1/(m0p + m0s )) × (m1p/(m1p + m1s )) ×

25

x = percent content of hyaluronate sodium as determined in the Assay
h = percent loss on drying (see Loss on Drying)
= density of solution at 25 , 1005 kg/m3
25

Calculate the concentration of Hyaluronate Sodium (C2, C3, and C4) in Sample solution B,
Sample solution C, and Sample solution D, respectively:
C2 = C1 × [m2p/(m2s + m2p)]
C3 = C1 × [m3p/(m3s + m3p)]
C4 = C1 × [m4p/(m4s + m4p)]
Calculate the intrinsic viscosity ( ) by linear least-squares regression analysis:
log[(

r

1)/c] = log[ ] + k × [ ] × c

The decimal antilogarithm of the intercept is the intrinsic viscosity expressed in m3/kg.
Acceptance criteria: 90%–120% of the labeled amount
• Appearance of the Solution
(See Spectrophotometry and Light-Scattering 851 )
Sample solution: A 0.10-g equivalent of dried Hyaluronate Sodium in 30 mL of saline TS
Acceptance criteria: NMT 0.01 absorbance at 600 nm
• Loss on Drying 731
[Note—Use diphosphorus pentoxide as a desiccant. ]
Sample: NLT 0.5 g
Analysis: Dry the Sample at 105 for 6 h.
Acceptance criteria: NMT 20.0%
• pH 791 : 5.0–8.5 for a 5-mg/mL equivalent of dried substance in carbon dioxide-free
water
• Microbial Enumeration Test 61 and Absence of Specified Microorganisms
total aerobic microbial count is NMT 102 cfu/g.

62 : The

• Bacterial Endotoxins 85 : NMT 0.5 USP Endotoxin Unit/mg if intended for use in
parenteral preparations without a further appropriate procedure for the removal of bacterial
endotoxins; NMT 0.05 USP Endotoxin Unit/mg if intended for use in intra-ocular
preparations or intra-articular preparations without a further appropriate procedure for the
removal of bacterial endotoxins.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in an airtight container, protected from light and
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humidity. Store at 2 –8 , unless otherwise specified by the manufacturer.
• Labeling: The label states the origin of the substance. The label states the intended use of
the substance. The label indicates the intrinsic viscosity in m3/kg.
• USP Reference Standards 11
USP Endotoxin RS
USP d-Glucuronic Acid RS
USP Hyaluronate Sodium RS
USP36

BRIEFING
Ketorolac Tromethamine Tablets, USP 34 page 3253. On the basis of comments received,
the following revisions are proposed:
1.
Revise the current Identification test with an HPLC retention time match of the major
peak from the Standard solution and Sample solution in the Assay, to be consistent
with current USP style.
2.
Remove the use of the Internal standard solution in the Assay to simplify the procedure.
3.
Add a test for Organic Impurities to the monograph. The proposed HPLC based method
has been validated using an Alltech Spherisorb ODS I brand of L1 column. The typical
retention time is about 8 min for the ketorolac peak.
(MDCCA: H. Ramanathan, C.M. Anthony.)
Correspondence Number—C42422

Comment deadline: March 31, 2012
Ketorolac Tromethamine Tablets
DEFINITION
Ketorolac Tromethamine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
ketorolac tromethamine (C15 H13 NO3 ·C4 H11 NO3 ).
IDENTIFICATION
Delete the following:
• Procedure
Analysis: Prepare a mixture of the Standard preparation and the Sample preparation (1:1),
and chromatograph the mixture as directed in the Assay.
Acceptance criteria: The chromatogram exhibits two main peaks corresponding to
ketorolac and the Internal standard. USP36
Add the following:
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP36
ASSAY
Change to read:
• Procedure
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Mobile phase: Methanol, water, and glacial acetic acid (55:44:1)
Solvent mixture: Methanol and water (1:1). [Note—Protect all of the solutions from light.
]
Internal standard solution: 0.3 mg/mL of naproxen in methanol
Standard stock solution: 0.24 mg/mL of USP Ketorolac Tromethamine RS in methanol
Standard solution: Transfer 5.0 mL of the Standard stock solution and 5.0 mL of the
Internal standard solution to a 50-mL volumetric flask. Dilute with Solvent mixture to
volume, and mix.
Sample solution: Transfer 10 Tablets to a suitable volumetric flask that will provide a
final concentration of about 0.2 mg/mL of ketorolac tromethamine. Add a quantity of
water equivalent to about 10% of the volume of the flask, and sonicate until the Tablets
are disintegrated. Add a quantity of methanol equivalent to 40% of the volume of the
flask, and sonicate for about 10 min to dissolve the ketorolac tromethamine. Cool to
ambient temperature, dilute with methanol to volume, and mix. Centrifuge or allow to
settle. Transfer 5.0 mL of the clear supernatant and 5.0 mL of the Internal standard
solution to a 50-mL volumetric flask, and dilute with Solvent mixture to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection size: 100 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for ketorolac and naproxen are 0.7 and 1.0,
respectively. ]
Suitability requirements
Resolution: NLT 5.4 between the ketorolac peak and the naproxen peak
Column efficiency: NLT 2700 theoretical plates for the ketorolac peak
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C15 H13 NO3 ·C4 H11 NO3 in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU= internal standard ratio (peak response of ketorolac/peak response of naproxen) of the
Sample solution
R=
S internal standard ratio (peak response of ketorolac/peak response of naproxen) of the
Standard solution
C=
S concentration of USP Ketorolac Tromethamine RS in the Standard solution (mg/mL)
C=
U nominal concentration of ketorolac tromethamine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110%
Mobile phase: Methanol, water, and glacial acetic acid (55:44:1)
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Diluent: Methanol and water (1:1). [Note—Protect all volumetric solutions from light. ]
Standard stock solution: 0.24 mg/mL of USP Ketorolac Tromethamine RS in methanol
Standard solution: 24 µg/mL of USP Ketorolac Tromethamine RS in Diluent from
Standard stock solution
System suitability stock solution: 25 µg/mL each of USP Ketorolac Tromethamine RS,
USP Ketorolac Related Compound A RS, USP Ketorolac Related Compound B RS, USP
Ketorolac Related Compound C RS, and USP Ketorolac Related Compound D RS in
methanol
System suitability solution: 0.25 µg/mL each of USP Ketorolac Tromethamine RS, USP
Ketorolac Related Compound A RS, USP Ketorolac Related Compound B RS, USP
Ketorolac Related Compound C RS, and USP Ketorolac Related Compound D RS in
Standard solution from System suitability stock solution
Sample stock solution: 0.2 mg/mL of ketorolac tromethamine prepared as follows.
Transfer 10 Tablets to a suitable volumetric flask. Add a quantity of water equivalent
to about 10% of the volume of the flask, and sonicate until the Tablets are
disintegrated. Add a quantity of methanol equivalent to 40% of the volume of the flask,
and sonicate for 10 min to dissolve the ketorolac tromethamine. Cool to ambient
temperature, dilute with methanol to volume, and mix. Centrifuge, or allow to settle.
Sample solution: 0.02 mg/mL of ketorolac tromethamine in Diluent from Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 100 µL
Run time: 3.8 times the retention time of ketorolac peak
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times are 0.8 for ketorolac related compound B and 1.0
for the ketorolac peaks. ]
Suitability requirements
Resolution: NLT 1.5 each between the keterolac and ketorolac related compound B
and ketotolac and ketorolac related compound C peaks, System suitability solution
Column efficiency: NLT 2700 theoretical plates, Standard solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ketorolac tromethamine (C15 H13 NO3 ·C4 H11 NO3 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= response of the ketorolac peak from the Sample solution
rS= response of the ketorolac peak from the Standard solution
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C=
S concentration of USP Ketorolac Tromethamine RS in the Standard solution (mg/mL)
C=
U nominal concentration of ketorolac tromethamine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110% USP36

PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 600 mL
Apparatus 2: 50 rpm
Time: 45 min
Standard solution: USP Ketorolac Tromethamine RS in Medium
Sample solutions: Sample per Dissolution 711 . Dilute with Medium to a concentration
that is similar to the Standard solution.
Spectrometric conditions
Mode: UV absorption spectroscopy
Analytical wavelength: 322 nm
Tolerances: NLT 75% (Q) of the labeled amount of ketorolac tromethamine
(C15 H13 NO3 ·C4 H11 NO3 ) is dissolved.
• Uniformity of Dosage Units 905 : Meet the requirements
Procedure for content uniformity
Blank: Methanol
Standard solution: 12 µg/mL of USP Ketorolac Tromethamine RS in methanol
Sample solution: Transfer 1 Tablet to a suitable volumetric flask that will provide a final
concentration of about 0.1 mg/mL of ketorolac tromethamine. Add a quantity of water
equivalent to about 10% of the volume of the flask, and sonicate until the Tablet is
disintegrated. Add a quantity of methanol equivalent to 40% of the volume of the flask,
and sonicate for about 10 min to dissolve the ketorolac tromethamine. Cool to ambient
temperature, dilute with methanol to volume, and mix. Centrifuge or allow to settle.
Transfer 6.0 mL of the clear supernatant to a 50-mL volumetric flask, and dilute with
methanol to volume.
Spectrometric conditions
Mode: UV absorption spectroscopy
Analytical wavelength: UV 322 nm
Calculate the percentage of ketorolac tromethamine (C15 H13 NO3 ·C4 H11 NO3 ) in the portion
of Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Ketorolac Tromethamine RS in the Standard solution (µg/mL)
C=
U concentration of ketorolac tromethamine in the Sample solution (µg/mL)
Acceptance criteria: Meet the requirements
IMPURITIES
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Add the following:
• Organic Impurities
Mobile phase, System suitability solution, and Diluent: Proceed as directed in the
Assay.
Standard solution: Use the System suitability solution, prepared as directed in the Assay.
Sample solution: Proceed as directed for the Sample stock solution in the Assay.
Chromatographic system and System suitability: Proceed as directed in the Assay.
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each known impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= response of each known impurity in the Sample solution
rS= response of each known impurity in the Standard solution
C=
S concentration of each impurity in the Standard solution (mg/mL)
C=
U nominal concentration of ketorolac tromethamine in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U response of each individual impurity peak in the Sample solution
r=
T sum of responses for all the peaks in the Sample solution
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Name
Ketorolac related compound Aa
0.5
0.5
Ketorolac related compound Bb
0.8
0.5
Ketorolac
1.0
—
Ketorolac related compound Cc
1.2
0.5
d
Ketorolac related compound D
2.6
0.5
Total unspecified impurity
—
0.5
Total impurities
—
1.0
a 5-Benzoyl-N-(1,3-dihydroxy-2-(hydroxymethyl)propan-2-yl)-2,3-dihydro-1H-pyrrolizine1-carboxamide.
b 5-Benzoyl-2,3-dihydro-1H-pyrrolizin-1-ol.
c 5-Benzoyl-2,3-dihydro-1H-pyrrolizin-1-one.
d 5-Benzoyl-2,3-dihydro-1H-pyrrolizine.
USP36

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers at controlled room temperature,
protected from light and excessive humidity.
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Change to read:
• USP Reference Standards 11
USP Ketorolac Tromethamine RS
USP Ketorolac Related Compound A RS
5-Benzoyl-N-(1,3-dihydroxy-2-(hydroxymethyl)propan-2-yl)-2,3-dihydro-1Hpyrrolizine-1-carboxamide.
C19 H22 N2 O5 [358.39].
USP Ketorolac Related Compound B RS
5-Benzoyl-2,3-dihydro-1H-pyrrolizin-1-ol.
C14 H13 NO2 [227.26].
USP Ketorolac Related Compound C RS
5-Benzoyl-2,3-dihydro-1H-pyrrolizin-1-one.
C14 H11 NO2 [225.24].
USP Ketorolac Related Compound D RS
5-Benzoyl-2,3-dihydro-1H-pyrrolizine.
C14 H13 NO[211.26]. USP36
BRIEFING
Levodopa, USP 34 page 3294. On the basis of comments received, the following revisions are
proposed:
1.
USP 3-Methoxytyrosine RS has been renamed in the USP Reference Standard Catalog as
USP Levodopa Related Compound B RS. It is proposed to revise the monograph to
reflect this name change.
2.
Per current USP style, update the formula in the test for Organic Impurities to include
the relative response factor in the denominator. As a result, the relative response
factors in Table 1 are revised.
(SM4: H. Ramanathan.)
Correspondence Number—C94332

Comment deadline: March 31, 2012
Levodopa

C9 H11 NO4

197.19

l-Tyrosine, 3-hydroxy-;
( )-3-(3,4-Dihydroxyphenyl)-l-alanine
DEFINITION

[59-92-7].
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Levodopa contains NLT 98.0% and NMT 102.0% of levodopa (C9 H11 NO4 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Standard solution: 40 µg/mL of USP Levodopa RS in 0.1 N hydrochloric acid
Sample solution: 40 µg/mL of Levodopa in 0.1 N hydrochloric acid
Analytical wavelength: 280 nm
Samples: Standard solution and Sample solution
Analysis: Absorptivities do not differ by more than 3.0%, calculated on the dried basis.
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Protect all solutions from light, and maintain them at 10 until they are injected into the
chromatograph.
Diluent: 0.1% trifluoroacetic acid in water
Mobile phase: Tetrahydrofuran and Diluent (3:97)
Standard solution: 0.4 mg/mL of USP Levodopa RS in Diluent
Sample solution: 0.4 mg/mL of Levodopa in Diluent
System suitability solution: 10 µg/mL each of USP Levodopa RS, USP 3-Methoxytyrosine
RS
USP Levodopa Related Compound B RS, USP36
and USP l-Tyrosine RS in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; double-endcapped packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—Refer to Table 1 under Organic Impurities for relative retention times. ]
Suitability requirements
Resolution: NLT 3.0 between levodopa and l-tyrosine
Tailing factor: NMT 2.0 for levodopa
Relative standard deviation: NMT 2.0 for levodopa
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levodopa (C9 H11 NO4 ) in the portion of the sample taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the Sample solution
rS= peak response of the Standard solution
C=
S concentration of USP Levodopa RS in the Standard solution (mg/mL)
C=
U concentration of Levodopa in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Protect all solutions from light, and maintain them at 10 until they are injected into the
chromatograph.
Mobile phase, System suitability solution, Standard solution, Sample solution,
Diluent, Chromatographic system, and System suitability: Proceed as directed in the
Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Levodopa taken:
Result = (rU/rS) × (CS/CU) × F × 100
Result = (rU/rS) × (CS/CU) × (1/F) × 100

USP36

rU= peak area for any impurity in the Sample solution
rS= peak area for Levodopa in the Standard solution
C=
S concentration of USP Levodopa RS in the Standard solution (mg/mL)
C=
U concentration of Levodopa in the Sample solution (mg/mL)
F= relative response factor of each impurity (see Table 1)
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time

Levodopa related compound A
Levodopa

0.9
1.0

l-Tyrosine
3-Methoxytyrosine
Levodopa related compound B

1.3

1-Veratrylglycine

USP36

1.6
2.7

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
2.4
0.41 USP36
0.1
—
—
2.7
0.37 USP36
0.1
1.2
0.83 USP36
0.5
1.3
0.76 USP36
0.1
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Individual unknown impurity
Total impurities

—
—

1.0
—

0.1
1.1

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 500 mg of Levodopa in a 25-mL volumetric flask. Add 10 mL of 1 N
hydrochloric acid to dissolve the solid, add 5 g of methenamine, swirl the contents to
dissolve the methenamine, and add 1 N hydrochloric acid to volume.
Analysis: Allow the Sample solution to stand in the dark at 25 for 3 h, and measure the
rotation.
Acceptance criteria:

160 to

167

• Loss on Drying 731
Analysis: Dry at 105 for 4 h
Acceptance criteria: It loses NMT 0.5% of its weight.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, store in a dry place,
and prevent exposure to excessive heat.
Change to read:
• USP Reference Standards 11
USP Levodopa RS
• USP 3-Methoxytyrosine RS
USP Levodopa Related Compound B RS
3-Methoxytyrosine.
C10 H13 NO4
211.22 USP36
USP l-Tyrosine RS
BRIEFING
Levodopa Capsules, USP 34 page 3295. USP 3-Methoxytyrosine RS has been renamed in the
USP Reference Standard Catalog as USP Levodopa Related Compound B RS. It is proposed to
revise the monograph to reflect this name change.
(SM4: H. Ramanathan.)
Correspondence Number—C94332

Comment deadline: March 31, 2012
Levodopa Capsules
DEFINITION
Levodopa Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of levodopa
(C9 H11 NO4 ).
IDENTIFICATION
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• A. Infrared Absorption 197M
Sample: Shake a quantity of the contents of the Capsules, equivalent to about 500 mg of
levodopa, with 25 mL of 3 N hydrochloric acid, and filter. Adjust the acidity of the filtrate
with 6 N ammonium hydroxide to a pH of 3, added dropwise with stirring, and allow to
stand protected from light for several h. Filter, wash the precipitate with water, and dry
at 105 .
Acceptance criteria: The residue meets the requirements.
ASSAY
• Procedure
Standard solution: 35 µg/mL of USP Levodopa RS in 0.1 N hydrochloric acid
Sample stock solution: 1.75 mg/mL of levodopa in 0.1 N hydrochloric acid, from the
contents of NLT 20 Capsules. Shake the mixture by mechanical means for 5 min, and filter
discarding the first 20 mL of the filtrate.
Sample solution: 35 µg/mL of levodopa in 0.1 N hydrochloric acid from the Sample stock
solution
Blank: 0.1 N hydrochloric acid
Instrumental conditions
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 280 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levodopa (C9 H11 NO4 ) in the portion of
Capsule contents taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Levodopa RS in the Standard solution (µg/mL)
C=
U nominal concentration of levodopa in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about 280 nm
Standard solution: USP Levodopa RS in Medium
Sample solution: Sample per Dissolution 711 . Dilute with Medium to a concentration
that is similar to that of the Standard solution.
Tolerances: NLT 75% (Q) of the labeled amount of levodopa (C9 H11 NO4 ) is dissolved.
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905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
[Note—Use low-actinic glassware for all volumetric solutions. ]
Diluent: Dissolve 100 mg of sodium metabisulfite in 10 mL of 1.2 N hydrochloric acid, and
dilute with acetone to 100 mL.
Standard solution A: 10 µg/mL of USP Levodopa Related Compound A RS and 10 mg/mL of
USP Levodopa RS in Diluent
Standard solution B: 50 µg/mL of USP 3-Methoxytyrosine RS
USP Levodopa Related Compound B RS USP36
in Diluent
Sample solution: Just prior to application, dissolve 100 mg of the residue obtained in the
Identification test in 10.0 mL of Diluent.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: Thin-layer chromatographic plate, coated with a 0.25-mm layer of
microcrystalline cellulose
Predevelop a plate in Developing solvent until the solvent front has moved NLT 18 cm
from the origin. Remove the plate from the chamber, and dry in a current of air for about
10 min.
[Note—The plate may be developed overnight: Solvent overflow during predevelopment is
of no consequence. ]
Application volume: 10 µL
Developing solvent: Butyl alcohol, methanol, glacial acetic acid, and water
(150:15:75:75)
Spray reagent: Just before use, mix 2 volumes of ferric chloride solution (10 mg/mL) with
1 volume of potassium ferricyanide solution (50 mg/mL) to obtain about 100 mL of
solution.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples at separate points about 3 cm from the bottom of the plate. Dry the
spots in a stream of nitrogen, and develop the chromatogram in a suitable low-actinic
chamber equilibrated for 5 min with a freshly mixed portion of Developing solvent until the
solvent front has moved about 15 cm from the line of application. Remove the plate from
the chamber, mark the solvent front, and dry in a current of air for about 10 min. Spray
the plate with Spray reagent. Levodopa related compound A produces a spot at an RF of
about 0.25, and 3-methoxy-tyrosine
levodopa related compound B USP36
at an RF of about 0.5.
Acceptance criteria: No spot at RF 0.25 from the Sample solution is greater in size or
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intensity than the corresponding spot from Standard solution A corresponding to NMT
0.1% levodopa related compound A. No spot at RF 0.5 from the Sample solution is greater
in size or intensity than the corresponding spot from Standard solution B corresponding to
NMT 0.5% of 3-methoxy-tyrosine
levodopa related compound B. USP36
[Note—Disregard the bleached spot, which is an artifact resulting from the development of
sodium metabisulfate from Diluent. It may appear at an RF value of about 0.6. ]
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, in a dry place, and
prevent exposure to excessive heat.
Change to read:
• USP Reference Standards 11
USP Levodopa RS
USP Levodopa Related Compound A RS
3-(3,4,6-Trihydroxyphenyl)alanine.
C9 H11 NO5
213.19
USP 3-Methoxytyrosine RS
USP Levodopa Related Compound B RS
3-Methoxytyrosine.
C10 H13 NO4
211.22 USP36
BRIEFING
Levodopa Tablets, USP 34 page 3295. On the basis of comments received, the following
revisions are proposed:
1.
USP 3-Methoxytyrosine RS has been renamed in the USP Reference Standard Catalog as
USP Levodopa Related Compound B RS. It is proposed to revise the monograph to
reflect this name change.
2.
Per current USP style, update the formula in the test for Organic Impurities to include
the relative response factor in the denominator. As a result, the relative response
factors in Table 1 are revised.
(SM4: H. Ramanathan.)
Correspondence Number—C94332

Comment deadline: March 31, 2012
Levodopa Tablets
DEFINITION
Levodopa Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of levodopa
(C9 H11 NO4 ).
IDENTIFICATION
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• A. Infrared Absorption 197M
Sample: Shake a quantity of powdered Tablets equivalent to 500 mg of levodopa with 25
mL of 3 N hydrochloric acid, and filter. Adjust the acidity of the filtrate with 6 N ammonium
hydroxide, added dropwise with stirring, and allow to stand, protected from light, for
several hours. Filter, wash the precipitate with water, and dry at 105 .
Acceptance criteria: The residue meets the requirements.
ASSAY
Change to read:
• Procedure
Protect all solutions from light, and maintain them at 10 until they are injected into the
chromatograph.
Mobile phase: 0.01 M monobasic potassium phosphate; adjust with phosphoric acid and
acetonitrile (97:3) to a pH of 2.0.
Standard solution: 0.4 mg/mL of USP Levodopa RS in Mobile phase
Sample solution: 0.4 mg/mL of levodopa in Mobile phase, from finely powdered Tablets
(NLT 20). Filter. Sonicate for 5 min.
System suitability solution: 10 µg/mL each of USP Levodopa RS, USP 3-Methoxytyrosine
RS,
USP Levodopa Related Compound B RS, USP36
and USP Levodopa Related Compound A RS in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.0-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for levodopa related compound A, levodopa, and 3methoxytyrosine
levodopa related compound B, USP36
are 0.7, 1.0, and 2.8, respectively. ]
Suitability requirements
Resolution: NLT 3.5 between levodopa related compound A and levodopa
Relative standard deviation: NMT 2.0% for levodopa
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levodopa (C9 H11 NO4 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
C=
S concentration of USP Levodopa RS in the Standard solution (mg/mL)
C=
U nominal concentration of levodopa in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Detector: UV maximum at about 280 nm
Standard solution: USP Levodopa RS in Medium
Sample solution: Sample per Dissolution 711 . Dilute with Medium to a concentration
that is similar to that of the Standard solution.
Tolerances: NLT 75% (Q) of the labeled amount of levodopa (C9 H11 NO4 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Protect all solutions from light, and maintain them at 10 until they are injected into the
chromatograph.
Mobile phase, System suitability solution, Standard solution, Sample solution,
Chromatographic system, and System suitability: Prepare as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
Result = (rU/rS) × (CS/CU) × (1/F) × 100

USP36

rU= peak area for any impurity from the Sample solution
rS= peak area for levodopa from the Standard solution
C=
S concentration of USP Levodopa RS in the Standard solution (mg/mL)
C=
U nominal concentration of levodopa in the Sample solution (mg/mL)
F= relative response factor of the impurity (see Table 1)
Acceptance criteria: See Table 1.

Name
Levodopa related compound A

Table 1
Relative
Retention
Time
0.9

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.2
0.83 USP36
0.1
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Levodopa
3-Methoxytyrosine
Levodopa related compound B

1.0
USP36

5,6-Dihydroxy-indole- 2-carboxylic acid

Unknown impurities
Total impurities

2.8
6.0
—

—

—
1.2
0.83 USP36
0.4
2.5 USP36

1.0
—

—
0.5
0.1
0.1
individual
0.3 total
unknown
1.1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, in a dry place, and
prevent exposure to excessive heat.
Change to read:
• USP Reference Standards 11
USP Levodopa RS
USP Levodopa Related Compound A RS
3-(3,4,6-Trihydroxyphenyl)alanine.
C9 H11 NO5
213.19
USP 3-Methoxytyrosine RS
USP Levodopa Related Compound B RS
3-Methoxytyrosine.
C10 H13 NO4
211.22 USP36
BRIEFING
Levothyroxine Sodium, USP 34 page 3301 and page 4989 of the First Supplement. As part of
USP monograph modernization efforts, it is proposed to replace two nonspecific wet
chemistry Identification tests with an IR spectroscopic procedure. This test is using a new
USP Levothyroxine Sodium RS.
(SM3: E. Gonikberg.)
Correspondence Number—C99748

Comment deadline: March 31, 2012
Levothyroxine Sodium

C15 H10 I4 NNaO4 ·xH2 O (anhydrous)

798.85

l-Tyrosine, O-(4-hydroxy-3,5-diiodophenyl)-3,5-diiodo-, monosodium salt, hydrate;
Monosodium l-thyroxine hydrate
[25416-65-3].
Anhydrous
[55-03-8].
DEFINITION

PF 38(1): Jan.-Feb. 2012

177

Levothyroxine Sodium is the sodium salt of l-3,3¢,5,5¢-tetraiodothyronine. It contains NLT
97.0% and NMT 103.0% of levothyroxine sodium (C15 H10 I4 NNaO4 ), calculated on the anhydrous
basis.
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197 : [Note—Methods described in Infrared Absorption 197K or
197A

may be used. ]

USP36

Sample: 50 mg
Analysis: Ignite the Sample in a platinum dish over a flame.
Acceptance criteria: It decomposes and liberates iodine vapors. [Note—Cool the residue,
and reserve it for use in Identification test D. ]
USP36

Delete the following:
• B.
Acid sodium chloride solution: Alcohol, 1 N sodium hydroxide, hydrochloric acid, and
water (25:10:10:30)
Sample: 0.5 mg
Analysis: Add 7.5 mL of Acid sodium chloride solution and 1 mL of 10 mg/mL sodium nitrite
solution to the Sample. Allow to stand in the dark for 20 min, and add 1.25 mL of
ammonium hydroxide.
Acceptance criteria: A pink color is produced. USP36
Change to read:
• C.
B. USP36
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Change to read:
• D.
C. USP36
Identification Tests—General, Sodium 191
Sample solution: To the residue retained from Identification test A,
Ignite 50 mg in a platinum dish over a flame and cool the residue. USP36
Add a 1 N potassium hydroxide solution dropwise until the residue is dissolved.
Acceptance criteria: The Sample solution meets the requirements of the flame test.
ASSAY
• Procedure
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Mobile phase: Acetonitrile and water (4:6) that contains 0.5 mL of phosphoric acid in each
1000 mL
Solution A: 400 mg of sodium hydroxide in 500 mL of water. Cool and add 500 mL of
methanol.
Levothyroxine stock solution: 0.4 mg/mL of USP Levothyroxine RS in Solution A
Liothyronine stock solution: 0.4 mg/mL of liothyronine from USP Liothyronine RS in
Solution A. Make a 1:100 dilution of this solution using Mobile phase.
Standard solution: 10 µg/mL of levothyroxine from Levothyroxine stock solution and 0.2
µg/mL of liothyronine from Liothyronine stock solution in Mobile phase
Sample solution: Prepare a solution of Levothyroxine Sodium in Mobile phase having a
known concentration of 10 µg/mL. [Note—A small amount of 0.01 M methanolic sodium
hydroxide can be used to facilitate the dissolution of the sample. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; packing L10
Flow rate: 1.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 5.0 between liothyronine and levothyroxine
Relative standard deviation: NMT 2.0% for levothyroxine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levothyroxine sodium (C15 H10 I4 NNaO4 ) in the portion of
Levothyroxine Sodium taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of levothyroxine from the Sample solution
rS= peak response of levothyroxine from the Standard solution
CS= concentration of USP Levothyroxine RS in the Standard solution (µg/mL)
CU= concentration of Levothyroxine Sodium in the Sample solution (µg/mL)
Mr1
= molecular weight of levothyroxine sodium, 798.85
Mr2
= molecular weight of levothyroxine, 776.87
Acceptance criteria: 97.0%–103.0% on the anhydrous basis
IMPURITIES
[Note—On the basis of the synthetic route, perform either Organic Impurities, Procedure 1 or
Organic Impurities, Procedure 2. Procedure 2 is recommended when related compounds listed
in Table 3 may be present. ]
• Organic Impurities, Procedure 1
Diluent: Acetonitrile and water (1:1)
Solution A: Dilute 5 mL of phosphoric acid with Diluent to 100.0 mL.
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Mobile phase: Dissolve 1.0 g of sodium 1-heptanesulfonate in 200 mL of water. Add 200
mL of acetonitrile, 400 mL of methanol, and 1.0 mL of phosphoric acid. Dilute with water
to 1 L.
Standard stock solution 1: Transfer 25 mg of USP Levothyroxine RS to a 100-mL
volumetric flask. Add 50 mL of Diluent and 1 drop of 10 N sodium hydroxide, and sonicate
until dissolved. Add 7 mL of Solution A, and dilute with Diluent to volume.
Standard stock solution 2: Transfer 25 mg of USP Liothyronine RS to a 100-mL volumetric
flask. Add 50 mL of Diluent and 1 drop of 10 N sodium hydroxide, and sonicate until
dissolved. Add 7 mL of Solution A, and dilute with Diluent to volume.
System suitability solution: Transfer 5.0 mL of Standard stock solution 1 and 5.0 mL of
Standard stock solution 2 to a 100-mL volumetric flask. Add 7 mL of Solution A, and dilute
with Diluent to volume.
Standard solution: Pipet 4.0 mL of the System suitability solution into a 100-mL
volumetric flask. Add 7 mL of Solution A, and dilute with Diluent to volume.
Blank solution: Transfer 7 mL of Solution A to a 100-mL volumetric flask, and dilute with
Diluent to volume.
Sample solution: Transfer 25 mg of Levothyroxine Sodium to a 100-mL volumetric flask.
Add 50 mL of Diluent, and sonicate until dissolved. Add 7 mL of Solution A, and dilute with
Diluent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5.0 between levothyroxine and liothyronine, System suitability solution
Relative standard deviation: NMT 2.0% for the levothyroxine peak, Standard solution
Analysis
Samples: Standard solution, Blank solution, and Sample solution
[Note—Record the chromatograms for at least six times the retention time of the
levothyroxine peak. Verify that no peaks elute in the Blank solution at the expected
retention times for levothyroxine and related compounds. ]
Calculate the area percentage of each related compound in the portion of Levothyroxine
Sodium taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of levothyroxine from the Standard solution
CS= concentration of levothyroxine in the Standard solution (mg/mL)
CU= concentration of Levothyroxine Sodium in the Sample solution (mg/mL)
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Mr1
= molecular weight of levothyroxine sodium, 798.85
Mr2
= molecular weight of levothyroxine, 776.87
[Note—The relative response factor for the impurities listed in Table 1 is 1.00. Any
unspecified impurity peaks should be assigned a relative response factor of 1.00. ]
Disregard peaks corresponding to those of the Blank solution, and disregard peaks
corresponding to less than 0.03%.
Acceptance criteria: See Table 1.
Table 1

Name
Liothyronine
-Hydroxy-T4a
Levothyroxine
T4-Hydroxyacetic acidb
N-Formyl-T4c and T4-acetamided
N-Acetyl-T4e
T4-Acetic acidf
T4-Aldehydeg
T4-Benzoic acidh
Individual unspecified impurity
Total impurities
a
b
c
d
e
f
g
h

Relative
Retention
Time
0.65–0.70

Acceptance
Criteria,
NMT (%)
1.0

0.71–0.76
1.0
1.13–1.28
1.47–1.53
1.50–1.86
2.42–2.51
3.17–3.45

0.15
—
0.15
0.15
0.20
0.30
0.15
0.15
0.10
2.0

3.46–3.70
—
—

O-(4-Hydroxy-3,5-diiodophenyl)-3,5-diiodo- -hydroxy-l-tyrosine.
2-Hydroxy-2-(4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetic acid.
N-Formyl-O-(4-hydroxy-3,5-diiodophenyl)-3,5-diiodo-l-tyrosine.
2-(4-(4-Hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl) acetamide.
N-Acetyl-O-(4-hydroxy-3,5-diiodophenyl)-3,5-diiodo-l-tyrosine.
2-(4-(4-Hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetic acid.
4-(4-Hydroxy-3,5-diiodophenoxy)-3,5-diiodobenzaldehyde.
4-(4-Hydroxy-3,5-diiodophenoxy)-3,5-diiodobenzoic acid.

Change to read:
• Organic Impurities, Procedure 2
Solution A: Dissolve 9.7 g of sulfamic acid in 2000 mL of water. Add 1.5 g of sodium
hydroxide, mix to dissolve, and adjust with 2 N sodium hydroxide to a pH of 2.0.
Solution B: Acetonitrile
Diluent 1: Methanol and Solution A (90:10)
Diluent 2: Acetonitrile and Solution A (30:70); mix with Diluent 1 (1:1).
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
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0
10
40
50
53
75

70
70
20
20
70
70

30
30
80
80
30
30

Blank solution: Use Diluent 2.
Standard stock solution: 0.1 mg/mL each of USP Levothyroxine RS and USP Liothyronine
RS in Diluent 1
Standard solution: 0.002 mg/mL of USP Levothyroxine RS and USP Liothyronine RS,
prepared using the Standard stock solution in Diluent 2
Sensitivity solution: 0.0002 mg/mL of USP Levothyroxine RS and USP Liothyronine RS,
prepared using the Standard solution in Diluent 2
Identification solution: Dissolve 5.0 mg of USP Levothyroxine for Peak Identification RS in
4.5 mL of methanol. Add 0.5 mL of Solution A. Further dilute a portion of this solution with
Diluent 2 to obtain a solution containing about 0.2 mg/mL.
Sample solution: Dissolve an amount of Levothyroxine Sodium in Diluent 1 to obtain a
solution having a known concentration of about 1.0 mg/mL. Further dilute a portion of this
solution with Diluent 2 to obtain a solution having a known concentration of about 0.2
mg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.0-mm × 15-cm; 3-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Resolution: NLT 5 between levothyroxine and liothyronine, Standard solution
Signal-to-noise ratio: NLT 5 for each peak from the Sensitivity solution, calculated as
follows:
Result = (2H)/h
H= measured height of the peak
h= amplitude of the average measured baseline noise
Analysis
Samples: Blank solution, Standard solution, Identification solution, and Sample solution
[Note—Identify the components on the basis of their relative retention times as listed in
Table 3. ]
Calculate the percentage of liothyronine sodium in the portion of Levothyroxine Sodium
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of liothyronine from the Sample solution
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rS= peak response of liothyronine from the Standard solution
CS= concentration of liothyronine in the Standard solution (mg/mL)
CU= concentration of Levothyroxine Sodium in the Sample solution (mg/mL)
Mr1
= molecular weight of liothyronine sodium, 672.96
Mr2
= molecular weight of liothyronine, 650.98
Calculate the percentage of any other impurity in the portion of Levothyroxine Sodium
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of any impurity from the Sample solution
rS= peak response of levothyroxine from the Standard solution
CS= concentration of levothyroxine in the Standard solution (mg/mL)
CU= concentration of Levothyroxine Sodium in the Sample solution (mg/mL)
Mr1
= molecular weight of levothyroxine sodium, 798.85
Mr2
= molecular weight of levothyroxine, 776.87
[Note—The relative response factor for the impurities listed in Table 3 is 1.00. Any
unspecified impurity peaks should be assigned a relative response factor of 1.00. ]
Disregard peaks corresponding to those of the Blank solution, and disregard peaks
corresponding to less than 0.03%.
Acceptance criteria: See Table 3.
Table 3
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Relative
Retention
Time
0.65
0.94
0.97
1.0
1.57
1.61

Name
Liothyronine
Monochlorotriiodothyroninea

Acceptance
Criteria,
NMT (%)
1.0
0.15
0.15 (RB 1-O ct-2010)
—
0.15
0.50

Levothyroxine N-methylamideb
Levothyroxine
Triiodothyroacetic acid, or T3-acetic acidc
O-(4-Hydroxy-3,5-diiodophenyl)thyroxine, or T6d
O-Methyl-tetraiodothyroethylamine, or T4-amine
O-methyle
1.76
0.30
T4-Acetic acidf
1.79
0.30
Individual unspecified impurity
—
0.10
Total impurities
—
2.0
a (S)-2-Amino-3-[3-chloro-4-(4-hydroxy-3,5-diiodophenoxy)-5-iodophenyl]
propanoic acid.
b (S)-2-Amino-3-[4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl]-Nmethylpropanamide.
(RB 1-O ct-2010)

c [4-(4-Hydroxy-3-iodophenoxy)-3,5-diiodophenyl]acetic acid.
d (S)-2-Amino-3-[4-[4-(4-hydroxy-3,5-diiodophenoxy)-3,5-diiodophenoxy]-3,5diiodophenyl]propanoic acid.
e 2-[4-(3,5-Diiodo-4-methoxyphenoxy)-3,5-diiodophenyl]ethanamine.
f 2-(4-(4-Hydroxy-3,5-diiodophenoxy)-3,5-diiodophenyl)acetic acid.
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: Equivalent to 30 mg/mL of anhydrous Levothyroxine Sodium in
alcohol and 1 N sodium hydroxide (2:1)
Acceptance criteria:

5 to

• Water Determination, Method I

6
921 : NMT 11.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store as
stated in the labeling instructions.
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, the labeling
states the test with which the article complies.
Change to read:
• USP Reference Standards 11
USP Levothyroxine RS
O-(4-Hydroxy-3,5-diiodophenyl)-3,5-diiodo-l-tyrosine.
C15 H11 I4 NO4
776.87
USP Levothyroxine for Peak Identification RS

PF 38(1): Jan.-Feb. 2012

184

Levothyroxine sodium spiked with liothyronine, triiodothyroacetic acid, and
tetraiodothyroacetic acid.
USP Levothyroxine Sodium RS
USP36
USP Liothyronine RS
O-(4-Hydroxy-3-iodophenyl)-3,5-diiodo-l-tyrosine.
C15 H12 I3 NO4
650.98
BRIEFING
Lithium Oral Solution, USP 34 page 3327. On the basis of comments received, it is proposed
to add a test for Uniformity of Dosage Units to this monograph. The concentration of the
surfactant solution used in the Assay is clarified.
(SM4: H. Ramanathan.)
Correspondence Number—C98016

Comment deadline: March 31, 2012
Lithium Oral Solution
DEFINITION
Lithium Oral Solution is prepared from Lithium Citrate or Lithium Hydroxide to which an excess of
Citric Acid has been added. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
lithium (Li).
IDENTIFICATION
• A. When diluted with an equal volume of 3 N hydrochloric acid, it imparts an intense crimson
color to a nonluminous flame.
• B. Identification Tests—General, Citrate

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Standard stock solution: Transfer about 30 mg of USP Lithium Carbonate RS to a 100-mL
volumetric flask. Add 20 mL of water and 0.5 mL of hydrochloric acid, shake until
dissolved, and dilute with water to volume.
Standard solution: Pipet 20 mL of the Standard stock solution into a 1000-mL volumetric
flask, add 800 mL of water and 20 mL of a suitable surfactant solution
(10 mg/mL, such as Nonoxynol-9), USP36
and dilute with water to volume. Determine the pH of the solution.
Sample stock solution: Nominally 0.06 mg/mL of lithium prepared in water, from a suitable
volume of Oral Solution
Sample solution: Nominally 1.2 µg/mL of lithium from the Sample stock solution prepared
as follows. Pipet 20 mL into a 1000-mL volumetric flask, and then add about 950 mL of
water, 2 mL of 1 N hydrochloric acid, and 20 mL of a surfactant solution
(10 mg/mL, such as Nonoxynol-9). USP36
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Adjust with 1 N hydrochloric acid or 1 N sodium hydroxide to the same pH (±0.1 pH unit)
as that of the Standard solution, and dilute with water to volume.
Instrumental conditions
Mode: Flame photometer. Adjust the instrument with the surfactant solution.
Analytical wavelength: About 671 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lithium (Li) in the portion of Oral
Solution taken:
Result = (rU/rS) × (CS/CU) × (Ar/Mr) × F × 100
rU= photometer reading of the Sample solution
rS= photometer reading of the Standard solution
C=
S concentration of USP Lithium Carbonate RS in the Standard solution (µg/mL)
C=
U nominal concentration of lithium in the Sample solution (µg/mL)
A=
r atomic weight of lithium, 6.94
M=r molecular weight of lithium carbonate, 73.89
F= number of lithium ions/mol of lithium carbonate, 2
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Add the following:
• Uniformity of Dosage Units 905 : Meets the requirements for oral solution packaged in
single-unit containers USP36
SPECIFIC TESTS
• pH

791 : 4.0–5.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Lithium Carbonate RS

11
BRIEFING

Mesoridazine Besylate, USP 34 page 3434. It is proposed to modernize the monograph as
follows:
1.
Replace the titration method in the Assay with a selective HPLC method that has been
validated using a Phenomenex Gemini C18 brand of L1 column. The typical retention
time for mesoridazine is about 12 min.
2.
Replace the nonspecific TLC method in the test for Ordinary Impurities with a selective
HPLC method. The current USP method, in addition to being nonselective, uses
chloroform as one of the solvents which can pose a safety hazard. The proposed
method has been validated using a Phenomenex Gemini C18 brand of L1 column. The
typical retention time for mesoridazine is about 12 min.
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(SM4: H. Ramanathan.)
Correspondence Number—C94170

Comment deadline: March 31, 2012
Mesoridazine Besylate

C21 H26 N2 OS2 ·C6 H6 O3 S

544.75

10H-Phenothiazine, 10-[2-(1-methyl-2-piperidinyl)ethyl]-2-(methylsulfinyl)-, (±)-,
monobenzenesulfonate;
(±)-10-[2-(1-Methyl-2-piperidyl)ethyl]-2-(methylsulfinyl)phenothiazine
monobenzenesulfonate
[32672-69-8].
DEFINITION
Mesoridazine Besylate contains NLT 98.0% and NMT 102.0% of C21 H26 N2 OS2 ·C6 H6 O3 S,
calculated on the dried basis.
Throughout the following procedures, protect samples, the Reference Standard, and solutions
containing them, by conducting the procedures without delay, under subdued light, or using
low-actinic glassware.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U
Analytical wavelength: 263 nm
Sample solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
ASSAY
Change to read:
• Procedure
Sample solution: 150 mg of Mesoridazine Besylate in 70 mL of acetic anhydride
Analysis: Titrate with 0.1 N perchloric acid VS. Perform a blank determination (see
Titrimetry 541 ). Each mL of 0.1 N perchloric acid is equivalent to 27.24 mg of
C21 H26 N2 OS2 ·C6 H6 O3 S.
Acceptance criteria: 98.0%–102.0% on the dried basis
Diluent: Acetonitrile, triethylamine, and water (850:1:150)
Solution A: Acetonitrile, triethylamine, and water (400:2:600)
Solution B: Acetonitrile and triethylamine (1000:2)
Mobile phase: See Table 1.
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Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
2
90
10
20
5
95
21
5
95
23
90
10
25
90
10
Standard solution: 0.2 mg/mL of USP Mesoridazine Besylate RS in Diluent
Sample solution: 0.2 mg/mL of mesoridazine besylate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 264 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mesoridazine besylate (C21 H26 N2 OS2 ·C6 H6 O3 S) in the
portion of Mesoridazine Besylate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of mesoridazine from the Sample solution
rS= peak response of mesoridazine from the Standard solution
C=
S concentration of USP Mesoridazine Besylate RS in the Standard solution (mg/mL)
C=
U concentration of Mesoridazine Besylate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis USP36

IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 µg/g

• Residue on Ignition 281 : NMT 0.2%
• Selenium 291 : The absorbance of the Test Solution, prepared with 100 mg of
Mesoridazine Besylate and 100 mg of magnesium oxide, is NMT one-half that from the
Standard Solution (0.003%).
Delete the following:
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• Procedure: Ordinary Impurities 466
Sample solution: 14.1 mg/mL in methanol (equivalent to 10 mg/mL of mesoridazine)
Standard solution: Methanol
Eluant: Chloroform, isopropyl alcohol, and ammonium hydroxide (87:12:1)
Visualization: 3, followed by spraying with 3% aqueous hydrogen peroxide
Application volume: 10 µL
Limit: 3.0% USP36
Add the following:
• Organic Impurities
Diluent, Solution A, Solution B, and Mobile phase: Proceed as directed in the Assay.
Standard solution: 0.8 µg/mL of USP Mesoridazine Besylate RS in Diluent
Sensitivity solution: 0.2 µg/mL of USP Mesoridazine Besylate RS in Diluent from the
Standard solution
Sample solution: 0.8 mg/mL of Mesoridazine Besylate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal to noise ratio: NLT 3, Sensitivity solution
Calculate the percentage of any individual impurity in the portion of Mesoridazine Besylate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual impurity from the Sample solution
rS= peak response of mesoridazine from the Standard solution
C=
S concentration of USP Mesoridazine Besylate RS in the Standard solution (mg/mL)
C=
U concentration of Mesoridazine Besylate in the Sample solution (mg/mL)
Acceptance criteria
Total impurities: NMT 3.0%
USP36

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 4 h.
Acceptance criteria: NMT 0.5%
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• pH 791
Sample solution: 10 mg/mL of the freshly prepared solution
Acceptance criteria: 4.2–5.7
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Mesoridazine Besylate RS
BRIEFING
Minoxidil Tablets, USP 34 page 3539. As a part of USP's monograph modernization effort, it is
proposed to add a stability-indicating, HPLC-based Organic Impurities procedure. The
proposed LC procedure is validated using the Waters Novopak 3–10-µm column of packing
L1. The typical retention time for minoxidil is about 16.7 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C88329

Comment deadline: March 31, 2012
Minoxidil Tablets
DEFINITION
Minoxidil Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of minoxidil (C9 H15
N5 O).
IDENTIFICATION
• Infrared Absorption
Sample: Transfer a portion of finely powdered Tablets, equivalent to 10 mg of minoxidil, to
a separator. Add 25 mL of water, and extract with three 15-mL portions of chloroform.
Combine the chloroform extracts, and evaporate with the aid of a stream of nitrogen.
Wash the inside of the container with 5 mL of alcohol, add 300 mg of potassium bromide,
and evaporate under vacuum at 50 until dry.
Acceptance criteria: The IR absorption spectrum of the potassium bromide dispersion
prepared from the Sample exhibits maxima at the same wavelengths as that of a similar
preparation of USP Minoxidil RS.
ASSAY
• Procedure
Mobile phase: Methanol, glacial acetic acid, and water (70:1:30). Add 3.0 g/L of docusate
sodium, and adjust with perchloric acid to a pH of 3.0.
Internal standard solution: 0.2 mg/mL of medroxyprogesterone acetate in Mobile phase
Standard solution: Dissolve 0.25 mg of USP Minoxidil RS in 1 mL of Internal standard
solution
Sample solution: Nominally equivalent to 0.25 mg of minoxidil, from finely powdered
Tablets (NLT 10 Tablets), in 1 mL of Internal standard solution. Shake for 5 min, and
centrifuge.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and minoxidil are 0.8 and 1.0,
respectively. ]
Suitability requirements
Resolution: NLT 2.0 between the internal standard and minoxidil peaks
Relative standard deviation: NMT 2.0% from NLT four replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of minoxidil (C9 H15 N5 O) in the portion of
Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of minoxidil to the internal standard from the Sample solution
RS= peak response ratio of minoxidil to the internal standard from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: pH 7.2 Phosphate Buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 900 mL
Apparatus 1: 75 rpm
Time: 15 min
Chromatographic system
Mode: UV
Detector: UV 231 nm for Tablets containing up to 10 mg of minoxidil, and UV 287 nm for
Tablets containing more than 10 mg of minoxidil
Standard solution: USP Minoxidil RS in Medium
Sample solution: Sample per Dissolution 711 . Dilute with Medium to a concentration
that is similar to that of the Standard solution.
Tolerances: NLT 75% (Q) of the labeled amount of minoxidil (C9 H15 N5 O) is dissolved.
• Uniformity of Dosage Units
IMPURITIES
Add the following:
• Organic Impurities

905 : Meet the requirements
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Diluent: Methanol and water (50:50)
Mobile phase: Dissolve 2.0 g of sodium lauryl sulfate in a mixture of methanol, glacial
acetic acid, and water (60:1:40). Adjust with perchloric acid to a pH of 3.0 ± 0.1, and
pass through a suitable filter of 0.45-µm pore size.
Standard solution: 5 µg/mL of USP Minoxidil RS in Diluent
Sample solution: Nominally equivalent to 0.25 mg/mL of minoxidil in Diluent from powdered
tablets (NLT 20). Initially add Diluent to about 60% of the volume of the flask, shake on a
mechanical shaker for 20 min, and then dilute with Diluent to volume. Pass through a
suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 15-cm; 3–10-µm packing L1
Flow rate: 0.5 mL/min
Run time: NLT 3 times the retention time of the main peak
Injection volume: 40 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of each individual impurity in the portion of the Tablets taken:
Result = (rU/rS) × (CU/CS) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of minoxidil from the Standard solution
C=
S concentration of USP Minoxidil RS in the Standard solution (mg/mL)
C=
U nominal concentration of minoxidil the Sample solution (mg/mL)
Acceptance criteria: See Table 1.

Name
Pyrimidine oxide analoga
Minoxidil
Pyrimidine analogb
Deoxominoxidilc
Any other unknown impurity
Total impurities*

Table 1
Relative
Retention
Time

Acceptance Criteria,
NMT (%)

0.19
1.00
0.37
1.45
—
—

—**
—
—**
—**
0.2
2.0
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a
b
c
*

2,4,-Diamin-6-chloro-pyrimidine 3 oxide.
2,4,-Diamin-6-chloro-pyrimidine.
2,4,-Diamin-6-pipridino-pyrimidine.
Total impurities is the sum of all the impurities, including process-related impurities.
Disregard peaks less than 0.05%.
** A process-related impurity that is controlled in the drug substance.
USP36

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Minoxidil RS

11
BRIEFING

Olanzapine, USP 34 page 3708. On the basis of comments and data received, it is proposed to
revise the relative response factor for olanzapine related compound A in the test for Organic
Impurities. The relative retention times for the olanzapine related compound A and
olanzapine peaks are included in the Assay for peak identification purposes.
(SM4: H. Ramanathan.)
Correspondence Number—C92383

Comment deadline: March 31, 2012
Olanzapine

C17 H20 N4 S

312.43

10H-Thieno[2,3-b][1,5]benzodiazepine, 2-methyl-4-(4-methyl-1-piperazinyl)-;
2-Methyl-4-(4-methyl-1-piperazinyl)-10H-thieno [2,3-b][1,5] benzodiazepine
1].

[132539-06-

DEFINITION
Olanzapine contains NLT 98.0% and NMT 102.0% of C17 H20 N4 S, calculated on the anhydrous,
solvent-free basis.
IDENTIFICATION
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• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: Dissolve 6.9 g of monobasic sodium phosphate in 1 L of water, and adjust with
phosphoric acid to a pH of 2.5. To this solution add 12 g of sodium dodecyl sulfate.
Mobile phase: Acetonitrile and Buffer (47:53)
System suitability solution: 0.1 mg/mL of USP Olanzapine RS and 0.01 mg/mL of USP
Olanzapine Related Compound A RS in Mobile phase
Standard solution: 0.1 mg/mL of USP Olanzapine RS in Mobile phase
Sample solution: 0.1 mg/mL of Olanzapine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[
Note—The relative retention times for olanzapine related compound A and olanzapine are
0.8 and 1.0, respectively. ] USP36
Suitability requirements
Resolution: NLT 2.0 between olanzapine related compound A and olanzapine
Tailing factor: 0.8–1.5 for the olanzapine peak
Relative standard deviation: NMT 1.0% for the olanzapine peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of olanzapine (C17 H20 N4 S) in the portion of Olanzapine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Olanzapine RS in the Standard solution (mg/mL)
C=
U concentration of Olanzapine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous, solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
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231 : NMT 10 ppm

Change to read:
• Organic Impurities
Buffer: Dissolve 13 g of sodium dodecyl sulfate in 1500 mL of water. Add 5 mL of
phosphoric acid, and then adjust with a sodium hydroxide solution to a pH of 2.5.
Solution A: Acetonitrile and Buffer (48:52)
Solution B: Acetonitrile and Buffer (70:30)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10
100
0
20
0
100
25
0
100
27
100
0
35
100
0
Edetate disodium solution: 37 mg/L of edetate disodium in Buffer
Diluent: Acetonitrile and Edetate disodium solution (40:60)
System suitability solution: 20 µg/mL of USP Olanzapine RS and 2 µg/mL each of USP
Olanzapine Related Compound A RS and USP Olanzapine Related Compound B RS in Diluent
Standard solution: 2 µg/mL of USP Olanzapine RS in Diluent
Sample solution: 0.4 mg/mL of Olanzapine in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Temperature
Column: 35
Sample: 5
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—Identify the peaks using the relative retention time values in Table 2. ]
Suitability requirements
Resolution: NLT 3.0 between olanzapine related compound A and olanzapine
Tailing factor: NMT 1.5 for the olanzapine peak
Relative standard deviation: NMT 2.0% for the olanzapine peak, from 4 replicate
injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Olanzapine taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of olanzapine from the Standard solution
C=
S concentration of USP Olanzapine RS in the Standard solution (mg/mL)
C=
U concentration of Olanzapine in the Sample solution (mg/mL)
F= relative response factor for each impurity (see Table 2)
Acceptance criteria: See Table 2.

Name
Olanzapine related compound Ba
Olanzapine related compound Ab

Table 2
Relative
Retention
Time
0.3
0.8
1.0
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
2.3
1.0
2.3 USP36
—
—
—

Olanzapine
Any individual unspecified impurity
Total impurities
a 2-Methyl-10H-thieno-[2,3-b][1,5] benzodiazepin-4[5H]-one.
b 5-Methyl-2-((2-nitrophenyl)amino)-3-thiophenecarbonitrile.

0.10
0.10
—
0.10
0.4

SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 1.0%
[Note—A suitable solvent system for water determination in ketones and aldehydes (e.g.,
Hydranal composite 5K-working medium K or Aquastar composite 5K-solvent KC or
equivalent) is recommended. ]
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
• USP Reference Standards 11
USP Olanzapine RS
USP Olanzapine Related Compound A RS
5-Methyl-2-((2-nitrophenyl)amino)-3-thiophenecarbonitrile.
C12 H9 N3 O2 S
259.28
USP Olanzapine Related Compound B RS
2-Methyl-10H-thieno-[2,3-b][1,5] benzodiazepin-4[5H]-one.
C12 H10 N2 OS
230.29
BRIEFING
Paricalcitol, USP 34 page 3823. On the basis of comments received, it is proposed to revise
the Standard solution in the Assay to use USP Paricalcitol Solution RS, which will be used as
a quantitative standard throughout the monograph. This change will help avoid handling
small amounts of the Reference Standard material in the powder form, which could lead to
analytical variability, and will also enhance analyst safety because the powder is more
hazardous to handle than the solution. USP Paricalcitol RS will be retained for use in

PF 38(1): Jan.-Feb. 2012

196

Identification test A only.
More details are added to the Sample solution preparation in the Assay, to ensure a complete
dissolution of the analyte. In addition, the system suitability requirement for the Relative
standard deviation in the Assay is tightened from NMT 2.0% to NMT 1.0%, to be consistent
with repeatability requirements under Chromatography

621 .

In the test for Organic Impurities, a Note is added to provide typical relative retention times
for the components of the System suitability solution.
(SM3: E. Gonikberg.)
Correspondence Number—C108506

Comment deadline: March 31, 2012
Paricalcitol

C27 H44 O3

416.64

19-Nor-1- ,25-dihydroxyvitamin D2 ;
(1 ,3 ,7E,22E)-19-Nor-9,10-secoergosta-5,7,22-triene-1,3,25-triol;
(7E,22E)-19-Nor-9,10-secoergosta-5,7,22-triene-1 ,3 ,25-triol

[131918-61-1].

DEFINITION
Paricalcitol contains NLT 97.0% and NMT 103.0% of paricalcitol (C27 H44 O3 ), calculated on the
dried basis.
[Caution—Handle Paricalcitol with exceptional care because it is very potent. Care should be
taken to prevent inhaling particles of Paricalcitol and exposing the skin to it. ]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
[Note—Use low-actinic glassware to prepare solutions of paricalcitol. ]
Mobile phase: Methanol and water (4:1)
Diluent: Methanol and water (1:1)
Standard solution: Transfer an accurately weighed amount of USP Paricalcitol RS to a
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suitable volumetric flask, dissolve in a minimum amount of dehydrated alcohol, and dilute
with Diluent to volume. Further dilute this solution with Diluent to obtain a solution
containing 5.0 µg/mL of USP Paricalcitol RS.
Dilute USP Paricalcitol Solution RS with Diluent to obtain a solution containing 5.0 µg/mL of
paricalcitol. USP36
Sample solution: Transfer an accurately weighed amount of Paricalcitol to a suitable
volumetric flask, dissolve in a minimum amount of dehydrated alcohol,
add dehydrated alcohol (approximately 1 mL of dehydrated alcohol per each 0.5 mg of
paricalcitol), sonicate to dissolve, USP36
and dilute with Diluent to volume. Further dilute this solution with Diluent to obtain a
solution containing 5.0 µg/mL of paricalcitol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 252 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
NMT 1.0% USP36
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of paricalcitol (C27 H44 O3 ) in the portion of Paricalcitol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the Sample solution
rS= peak response of the Standard solution
C=
S concentration of USP Paricalcitol RS
paricalcitol USP36
in the Standard solution (µg/mL)
C=
U concentration of Paricalcitol in the Sample solution (µg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
Change to read:
• Organic Impurities
[Note—Use low-actinic glassware to prepare solutions of paricalcitol. ]
Diluent: Dehydrated alcohol and water (1:1)
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Butylparaben solution: 0.25 mg/mL of butylparaben in Diluent
Solution A: Use a filtered and degassed mixture of acetonitrile and water (5:95), and add 1
drop of phosphoric acid per L of solution.
Solution B: Filtered and degassed acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10
100
0
30
47
53
40
47
53
45
0
100
50
0
100
51
100
0
60
100
0
Standard solution: Dilute USP Paricalcitol Solution RS with Diluent to obtain a solution
containing 0.1 µg/mL of paricalcitol.
Control standard solution: Transfer 3.0 mL of the Standard solution to a 10-mL
volumetric flask, and dilute with Diluent to volume.
Sample stock solution: 200 µg/mL of Paricalcitol in dehydrated alcohol
Sample solution: A mixture of Sample stock solution and water (1:1)
System suitability solution: Combine 1 mL of Butylparaben solution and 1 mL of Sample
stock solution in a 100-mL volumetric flask, and dilute with Diluent to volume. Transfer 1
mL of this solution to a 10-mL volumetric flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 252 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution, Control standard solution, and System suitability solution
[
Note—The relative retention times for butylparaben and paricalcitol in the System suitability
solution are 0.8 and 1.0, respectively. ] USP36
Suitability requirements
Resolution: NLT 12.0 between paricalcitol and butylparaben, System suitability solution
Area ratio: 1.8–4.0 for the paricalcitol peak from the Standard solution to the paricalcitol
peak from the Control standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Diluent, Standard solution, and Sample solution
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Measure the peak responses, disregarding any peaks corresponding to those from the Diluent.
Calculate the percentage of each impurity in the portion of Paricalcitol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of paricalcitol from the Standard solution
C=
S concentration of paricalcitol in the Standard solution (µg/mL)
C=
U concentration of Paricalcitol in the Sample solution (µg/mL)
Acceptance criteria
Any individual impurity: NMT 0.1%
Total impurities: NMT 0.5%
SPECIFIC TESTS
• Loss on Drying
(See Thermal Analysis 891 .)
Sample: 8 mg of Paricalcitol
Analysis: Determine the percentage of volatile substances by thermogravimetric analysis
on an appropriately calibrated instrument. Heat at a rate of 5 per min between ambient
temperature and 150 in an atmosphere of nitrogen at a flow rate of 40 mL/min. Determine
the accumulated loss in weight from the thermogram.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store under argon
in a freezer.
• USP Reference Standards 11
USP Paricalcitol RS
USP Paricalcitol Solution RS
BRIEFING
Sertraline Hydrochloride Oral Solution. Because there is no existing USP monograph for this
drug product, a new monograph, based on validated methods of analyses, is proposed. The
liquid chromatographic procedure in the Assay is based on analyses performed with the
Hypersil BDS C-18 brand of L1 column. The typical retention time for sertraline is about 7
min. The liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Hypersil Phenyl brand of L11 column. The typical retention time
for sertraline is about 15 min.
(SM4: H. Ramanathan.)
Correspondence Number—C96811

Comment deadline: March 31, 2012
Add the following:
Sertraline Hydrochloride Oral Solution
DEFINITION
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Sertraline Hydrochloride Oral Solution contains an amount of sertraline hydrochloride equivalent
to NLT 90.0% and NMT 110.0% of the labeled amount of sertraline (C17 H17 Cl2 N).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.8 g/L of ammonium acetate in water. To each L of Buffer add 10 mL of
triethylamine, and adjust with phosphoric acid to a pH of 5.0.
Mobile phase: Acetonitrile and Buffer (30:70)
Diluent: Methanol and water (50:50)
Standard solution: 0.1 mg/mL of USP Sertraline Hydrochloride RS in Diluent
Sample solution: Nominally, 0.1 mg/mL of sertraline in Diluent, from a portion of Oral
Solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 20 µL
Run time: 1.3 times the retention time of sertraline
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.7
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of sertraline (C17 H17 Cl2 N) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of sertraline from the Sample solution
rS= peak response of sertraline from the Standard solution
CS= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of sertraline in the Sample solution (mg/mL)
Mr1
= molecular weight of sertraline free base, 306.23
Mr2
= molecular weight of sertraline hydrochloride, 342.69
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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698 : Meets the requirement

IMPURITIES
• Organic Impurities
Buffer: Dissolve 5.7 g of -cyclodextrin hydrate and 8 mL of triethylamine in 1 L of water.
Adjust with phosphoric acid to a pH of 6.5 ± 0.1.
Solvent mixture: Acetonitrile and methanol (55:45)
Mobile phase: Solvent mixture and Buffer (40:60)
Diluent: Acetonitrile and water (70:30)
Standard solution: 2.3 µg/mL of USP Sertraline Hydrochloride RS in Diluent
Sample solution: Nominally, 2 mg/mL of sertraline in Diluent, from a portion of Oral Solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L11
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 3 times the retention time of sertraline
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual degradation product in the portion of Oral
Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of sertraline from the Standard solution
CS= concentration of USP Sertraline Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of sertraline in the Sample solution (mg/mL)
Mr1
= molecular weight of sertraline free base, 306.23
Mr2
= molecular weight of sertraline hydrochloride, 342.69
Acceptance criteria: See Table 1.
Table 1

Name
Sertraline
Any individual unspecified degradation product
Total impurities

Relative
Retention
Time
1.0
—
—

Acceptance
Criteria,
NMT (%)
—
0.10
0.5
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SPECIFIC TESTS
• pH

791 : 4.5–6.0

• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds
count does not exceed 101 cfu/mL. It meets the requirement of the test for absence of
Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers. Store at controlled room
temperature.
• USP Reference Standards 11
USP Sertraline Hydrochloride RS
USP36

BRIEFING
Tadalafil. Because there is no existing USP monograph for this drug substance, a new
monograph is proposed based on validated methods. The liquid chromatographic procedures
in the Assay and in the test for Organic Impurities are based on analyses performed with a
Zorbax SB-C8 brand of L7 column. The typical retention time for tadalafil in the Assay is 5
min. The typical retention time for tadalafil in the test for Organic Impurities is 16 min. The
liquid chromatographic procedure in the test for Enantiomeric and Diastereomeric Purity is
based on analyses performed with a Chiralpak AD brand of L51 column. The typical retention
time for tadalafil is 10 min.
(SM4: M. Waddell.)
Correspondence Number—C89835

Comment deadline: March 31, 2012
Add the following:
Tadalafil

C22 H19 N3 O4

389.40

Pyrazino[1¢,2¢:1,6]pyrido[3,4-b]indole-1,4-dione, 6-(1,3-benzodioxol-5-yl)-2,3,6,7,12,12ahexahydro-2-methyl-, (6R-12aR)-;
(6R,12aR)-2,3,6,7,12,12a-Hexahydro-2-methyl-6-[3,4-(methylenedioxy)phenyl]
pyrazino[1¢,2¢:1,6]pyrido[3,4-b]indole-1,4-dione
[171596-29-5].
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DEFINITION
Tadalafil contains NLT 97.5% and NMT 102.5% of tadalafil (C22 H19 N3 O4 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Identification solution, as obtained in the test for Enantiomeric and Diastereomeric Purity.
ASSAY
• Procedure
Solution A: Add 1.0 mL of trifluoroacetic acid to 1 L of water.
Mobile phase: Acetonitrile and Solution A (45:55)
Standard solution: 0.1 mg/mL of USP Tadalafil RS in acetonitrile and Solution A (1:1);
prepare by first dissolving the standard in acetonitrile, and then diluting with Solution A to
final volume.
Sample solution: 0.1 mg/mL of Tadalafil in acetonitrile and Solution A (1:1); prepare by
first dissolving the sample in acetonitrile, and then diluting with Solution A to final volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 285 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tadalafil (C22 H19 N3 O4 ) in the portion of Tadalafil taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Tadalafil RS in the Standard solution (mg/mL)
C=
U concentration of Tadalafil in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–102.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.10%, using a 1-g sample
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• Organic Impurities
[Note—Do not use sonication during the preparation of analyte solutions. ]
Solution A: Add 1.0 mL of trifluoroacetic acid to 1 L of water.
Solution B: Acetonitrile
Mobile phase: See Table 1. Return to original conditions and re-equilibrate the column.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
85
15
3
85
15
30
5
95
33
5
95
Standard solution: 0.4 µg/mL of USP Tadalafil RS in acetonitrile and Solution A (1:1);
prepare by first dissolving the standard in acetonitrile, and then diluting with Solution A to
final volume.
Sensitivity solution: 0.2 µg/mL of USP Tadalafil RS in acetonitrile and Solution A (1:1) from
the Standard solution
System suitability stock solution: To generate the 6R,12aS diastereomer of tadalafil,
dissolve 4.0 mg of Tadalafil in 50 mL of a mixture of isopropyl alcohol and acetonitrile
(1:1). Add 1.0 mL of 1.0 M tetrabutylammonium hydroxide in methanol, and allow to stand
at room temperature for 40 min. Add 1.0 mL of trifluoroacetic acid, and dilute with a
mixture of isopropyl alcohol and acetonitrile (1:1) to 100 mL.
System suitability solution: Dissolve 40 mg of Tadalafil in 50 mL of acetonitrile. Add 2.0
mL of the System suitability stock solution, and dilute with Solution A to 100 mL.
Sample solution: 0.4 mg/mL of Tadalafil in acetonitrile and Solution A (1:1); prepare by
first dissolving the sample in acetonitrile, and then diluting with Solution A to final volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 285 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution, Sensitivity solution, and System suitability solution
[Note—The relative retention times for tadalafil and the 6R,12aS diastereomer of tadalafil
are about 1.0 and 1.03, respectively. ]
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Peak-to-valley ratio: The ratio of the height of the 6R,12aS diastereomer peak to the
height of the valley between the 6R,12aS diastereomer peak and tadalafil is NLT 3.3,
System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tadalafil taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of tadalafil from the Standard solution
C=
S concentration of USP Tadalafil RS in the Standard solution (mg/mL)
C=
U concentration of Tadalafil in the Sample solution (mg/mL)
Acceptance criteria
[Note—Disregard peaks due to the 6R,12aS and 6S,12aR diastereomers of tadalafil, which
co-elute at a retention time of about 1.03 relative to tadalafil. The diastereomers are
controlled in the test for Enantiomeric and Diastereomeric Purity. ]
Individual impurities: NMT 0.1%
Total impurities: NMT 0.3%
Reporting Level for impurities: 0.05%
• Enantiomeric and Diastereomeric Purity
Mobile phase: Hexanes and isopropyl alcohol (50:50)
Diluent: Hexanes, isopropyl alcohol, and acetonitrile (40:40:20)
Identification solution: 0.5 mg/mL of USP Tadalafil RS in Diluent. [Note—This solution is
used for Identification test B. ]
Standard stock solution: 50 µg/mL of USP Tadalafil RS in Diluent
Standard solution: 0.5 µg/mL of USP Tadalafil RS in Diluent from the Standard stock
solution
System suitability stock solution: To generate the 6R,12aS diastereomer of tadalafil,
dissolve 25 mg of Tadalafil in 40 mL of Diluent. Add 1.0 mL of 1.0 M tetrabutylammonium
hydroxide in methanol, and allow to stand at room temperature for 20 min. Add 1.0 mL of
trifluoroacetic acid, and dilute with Diluent to 50 mL.
System suitability solution: Transfer 1.0 mL of the System suitability stock solution and
10 mL of the Standard stock solution to a 50-mL volumetric flask, and dilute with Diluent
to volume.
Sensitivity solution: 0.25 µg/mL of USP Tadalafil RS in Diluent from Standard solution
Sample solution: 0.5 mg/mL of Tadalafil in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 222 nm
Column: 4.6-mm × 25-cm; 10-µm packing L51
Column temperature: 30
Flow rate: 0.75 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.0, between the 6R,12aS diastereomer and tadalafil, System
suitability solution
Tailing factor: NLT 0.8 and NMT 1.5, Standard solution
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Relative standard deviation: NMT 10.0%, Standard solution
Signal-to-noise ratio: NLT 20, Sensitivity solution
Analysis
Samples: Identification solution, Standard solution, and Sample solution
Calculate the percentage of each stereoisomer impurity in the portion of Tadalafil taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each stereoisomer impurity from the Sample solution
rS= peak response of tadalafil from the Standard solution
C=
S concentration of USP Tadalafil RS in the Standard solution (mg/mL)
C=
U concentration of Tadalafil in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time
0.79
1.0
1.4
1.7

Name
6R,12aS diastereomera
Tadalafil
6S,12aS enantiomerb
6S,12aR diastereomerc

Acceptance
Criteria,
NMT (%)
0.1
—
0.1
0.1

a (6R,12aS)-6-(1,3-benzodioxol-5-yl)-2,3,6,7,12,12a-hexahydro-2-methylpyrazino[1¢,2¢:1,6]pyrido[3,4-b]indole-1,4-dione.
b (6S,12aS)-6-(1,3-benzodioxol-5-yl)-2,3,6,7,12,12a-hexahydro-2-methylpyrazino[1¢,2¢:1,6]pyrido[3,4-b]indole-1,4-dione.
c (6S,12aR)-6-(1,3-benzodioxol-5-yl)-2,3,6,7,12,12a-hexahydro-2-methylpyrazino[1¢,2¢:1,6]pyrido[3,4-b]indole-1,4-dione.
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample under vacuum at 105 for 3 h
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards
USP Tadalafil RS

11

USP36

BRIEFING
Tadalafil Tablets. Because there is no existing USP monograph for this drug product, a new
monograph is proposed based on validated methods. The liquid chromatographic procedure in
the Assay and in the test for Organic Impurities is based on analyses performed with a
Zorbax SB-C8 brand of L7 column. The typical retention time for tadalafil is about 9.4 min.
The liquid chromatographic procedure in the Dissolution test is based on analyses performed
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with a Zorbax SB-C8 brand of L7 column. The typical retention time for tadalafil is between
1.5 and 3.0 min.
(SM4: M. Waddell.)
Correspondence Number—C87442

Comment deadline: March 31, 2012
Add the following:
Tadalafil Tablets
DEFINITION
Tadalafil Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of tadalafil
(C22 H19 N3 O4 ).
IDENTIFICATION
• A. Infrared Absorption 197
[Note—Methods described in Infrared Absorption 197K , or 197D may be used. ]
Standard: Add 10 mg of USP Tadalafil RS to 15 mL of water. Shake for 20 min, centrifuge
for 10 min, and discard the supernatant. Suspend the precipitate in 8 mL of ethyl acetate,
and shake for 5 min. Centrifuge for 10 min, and collect the supernatant. Dry the
supernatant under a stream of nitrogen. The supernatant may be heated up to 70 to aid
evaporation of the ethyl acetate. [Note—Ethyl acetate must be completely removed to
prevent interference in the spectrum. ]
Sample: Transfer a quantity of Tablets, equivalent to 10–20 mg of tadalafil, into a suitable
container. Add 15 mL of water, and shake for 10 min, or until the Tablets are completely
dispersed. Centrifuge for 10 min, and discard the supernatant. Suspend the precipitate in
8 mL of ethyl acetate, and shake for 5 min. Centrifuge for 10 min, and collect the
supernatant. Dry the supernatant under a stream of nitrogen. The supernatant may be
heated up to 70 to aid evaporation of the ethyl acetate. [Note—Ethyl acetate must be
completely removed to prevent interference in the spectrum. ]
Acceptance criteria: Meets the requirements over the range from 1700–400 cm 1.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, water, and trifluoroacetic acid (35: 65: 0.1)
Diluent: Acetonitrile and water (1:1)
Standard solution: 0.25 mg/mL of USP Tadalafil RS in Diluent
System suitability solution: To partially convert tadalafil to the 6R,12aS diastereomer,
transfer 25 mL of the Standard solution into a suitable container. Add 0.25 mL of 5 N
sodium hydroxide, mix well, and let stand for 30 min. Neutralize the solution to pH 7 by
drop-wise addition of trifluoroacetic acid. [Note—This solution is stable for 1 month when
stored in a refrigerator. ]
Sample solution: Place NLT 20 Tablets into an appropriate size volumetric flask. Fill the
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flask about halfway with Diluent, and shake the mixture for about 15 min to disintegrate
the Tablets. If any large fragments remain, sonicate the solution for 2 min or until
fragments are dispersed. Dilute with Diluent to volume, and mix. Allow the solution to
stand for at least 1 h to further aid Tablet dissolution. If necessary, shake the solution
and perform a secondary dilution to obtain a final nominal concentration of 0.25 mg/mL.
Centrifuge, and filter the supernatant solution. [Note—The initial concentration before a
secondary dilution step should not exceed 6 mg/mL. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 285 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for tadalafil and the 6R,12aS diastereomer of tadalafil
are about 1.0 and 1.2, respectively. ]
Suitability requirements
Resolution: NLT 3 between tadalafil and the 6R,12aS diastereomer peak, System
suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tadalafil (C22 H19 N3 O4 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Tadalafil RS in the Standard solution (mg/mL)
C=
U nominal concentration of tadalafil in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.5% sodium dodecyl sulfate; 1000 mL
Apparatus 2: 50 rpm
Time: 10 and 30 min
Mobile phase: Methanol and water (50:50)
Standard stock solution: 0.25 mg/mL of USP Tadalafil RS in acetonitrile and water (1:1)
Standard solution: 0.0075 mg/mL of USP Tadalafil RS in Medium from the Standard stock
solution
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Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 5.0-cm; 3.5-µm packing L7
Column temperature: 40
Flow rate: 2.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tadalafil (C22 H19 N3 O4 ) dissolved at
each time point (Qi):
Q10 = (rU/rS) × (CS/L) × V × 100
Q30 = (Q10 × v/V) + [(rU/rS) × (CS/L) × (V

v) × 100]

rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Tadalafil RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
v= volume of the sample withdrawn at initial time point (mL)
Tolerances— NLT 40% (Q) of the labeled amount of tadalafil is dissolved in 10 min and NLT
80% (Q) of the labeled amount of tadalafil is dissolved in 30 min.
• Uniformity of Dosage Units 905
Procedure for content uniformity
Diluent: Acetonitrile and water (1:1)
Standard solution: 0.1–0.2 mg/mL of USP Tadalafil RS in Diluent
Sample solution: Add 1 Tablet to a suitable volumetric flask to prepare a solution having
a nominal concentration of 0.1–0.2 mg/mL of tadalafil. Add a volume of Diluent
equivalent to 50% of the volume of the flask, and mechanically shake for 15 min. Dilute
with Diluent to volume, and pass a portion of the solution through a suitable filter of
0.45-µm pore size, discarding the first 2–3 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering, 851 )
Mode: UV
Cell: 0.1 cm
Analytical wavelength: Absorption maximum at about 285 nm
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of tadalafil (C22 H19 N3 O4 ) in the Tablet
taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Tadalafil RS in the Standard solution (mg/mL)
C=
U nominal concentration of tadalafil in the Sample solution (mg/mL)
Acceptance criteria: Meet the requirements for coated Tablets
IMPURITIES
• Organic Impurities
Mobile phase, Diluent, Standard solution, System suitability solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.25 µg/mL of USP Tadalafil RS in Diluent from the Standard solution
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
[Note—The relative retention times for tadalafil and the 6R,12aS diastereomer of tadalafil
are about 1.0 and 1.2, respectively. ]
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Resolution: NLT 3 between tadalafil and the 6R,12aS diastereomer peak, System
suitability solution
Signal-to-noise ratio: NLT 20, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the peak responses from the Sample solution
Acceptance criteria
Individual impurities: NMT 0.2%
Total impurities: NMT 0.3%
Reporting Level for impurities: 0.05%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards
USP Tadalafil RS

11

USP36

BRIEFING

PF 38(1): Jan.-Feb. 2012

211

Trospium Chloride, page 5479 of the Second Supplement to USP 34. As part of the USP
monograph modernization initiative, it is proposed to replace the TLC test for Limit of
Trospium Chloride Related Compound C with a validated HPLC method. The proposed liquid
chromatographic procedure is based on analyses performed with the Inertsil ODS 3V brand of
L1 column. The typical retention time for trospium chloride related compound C is about 2.5
min.
(SM3: E. Gonikberg.)
Correspondence Number—C101216

Comment deadline: March 31, 2012
Add the following:
Trospium Chloride

C25 H30 ClNO3

427.96

Spiro [8-azoniabicyclo[3.2.1]octane-8,1¢-pyrrolidinium], 3-[(hydroxydiphenylacetyl)oxy]-,
chloride, (1R,3r,5S);
(1R,3r,5S)-3-[(Hydroxydiphenylacetyl)oxy]spiro[8-azoniabicyclo[3.2.1]octane-8,1¢pyrrolidinium] chloride
[10405-02-4].
DEFINITION
Trospium Chloride contains NLT 98.0% and NMT 102.0% of C25 H30 ClNO3 , calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Mobile phase: Acetonitrile, triethylamine, phosphoric acid, and water (300:1:3:700)
System suitability solution: 0.01 mg/mL of USP Trospium Chloride RS, and 0.003 mg/mL
each of USP Trospium Chloride Related Compound A RS and USP Trospium Chloride Related
Compound B RS in Mobile phase
Standard solution: 0.6 mg/mL of USP Trospium Chloride RS in Mobile phase
Sample solution: 0.6 mg/mL of Trospium Chloride in Mobile phase
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1. (Alternatively, a 4.6-mm × 25-cm column
that contains 5-µm packing L7 may be used.)
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3 between trospium chloride related compound B and trospium, System
suitability solution
Relative standard deviation: NMT 0.85% for six replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of trospium chloride (C25 H30 ClNO3 ) in the portion of Trospium
Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Trospium Chloride RS in the Standard solution (mg/mL)
C=
U concentration of Trospium Chloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281
Sample: 1 g
Acceptance criteria: NMT 0.1%
• Organic Impurities
Mobile phase: Proceed as directed in the Assay.
Standard solution: 0.01 mg/mL of USP Trospium Chloride RS, and 0.003 mg/mL each of
USP Trospium Chloride Related Compound A RS and USP Trospium Chloride Related
Compound B RS in Mobile phase
Sample solution: 3.0 mg/mL of Trospium Chloride in Mobile phase
Chromatographic system: Proceed as directed in the Assay, except for the following
parameters.
Injection volume: 20 µL
Run time: NLT 3 times the retention time of trospium
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3 between trospium chloride related compound B and trospium
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of trospium chloride related compound A and trospium chloride
related compound B in the portion of Trospium Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of trospium chloride related compound A or trospium chloride related
compound B from the Sample solution
rS= peak response of trospium chloride related compound A or trospium chloride related
compound B from the Standard solution
C=
S concentration of trospium chloride related compound A or trospium chloride related
compound B in the Standard solution (mg/mL)
C=
U concentration of Trospium Chloride in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Trospium
Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of trospium chloride related compound B from the Standard solution
C=
S concentration of USP Trospium Chloride Related Compound B RS in the Standard solution
(mg/mL)
C=
U concentration of Trospium Chloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. The reporting level for impurities is 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Name
Trospium chloride related compound Ba
0.7–0.8
0.15
Trospium
1.0
—
Benzilic acid (trospium chloride related compound A) 1.9–2.8
0.15
Any other individual impurity
—
0.10
Total impurities
—
0.5
a (1R,3r,5S)-8-Azabicyclo[3.2.1]octan-3-yl hydroxydiphenylacetate.

Change to read:
• Limit of Trospium Chloride Related Compound C
System suitability solution: 0.5 mg/mL of USP Trospium Chloride RS and 0.5 mg/mL of
USP Trospium Chloride Related Compound C RS in methanol
Standard solution: 0.1 mg/mL of USP Trospium Chloride Related Compound C RS in
methanol
Sample solution: 100 mg/mL of Trospium Chloride in methanol
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)
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Mode: TLC
Plate: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing distance: Two-thirds of the length of the plate
Developing solvent system: Acetonitrile, glacial acetic acid, and hydrochloric acid
(45: 1: 3.5)
Spray reagent 1: Use Dragendorff's TS.
Spray reagent 2: 5 g/L of sodium nitrite in water
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: The chromatogram shows two clearly visible and separated spots.
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry in a current of warm air until the odor of acetic acid is no longer
perceptible. Spray the plate with Spray reagent 1, and subsequently with Spray reagent
2.
Acceptance criteria: Any spot from the Sample solution corresponding to trospium
chloride related compound C is not more intense than the corresponding spot from the
Standard solution (0.1%).
Mobile phase: Acetonitrile, anhydrous formic acid, and water (20: 0.2: 80)
Diluent: Water
Peak identification solution: 0.5 mg/mL of USP Trospium Chloride RS and 0.5 mg/mL of
USP Trospium Chloride Related Compound C RS in Diluent, using sonication, if
necessary, to dissolve.
Standard solution: 0.1 mg/mL of USP Trospium Chloride RS in Diluent, using sonication,
if necessary, to dissolve.
Sample solution: 100.0 mg/mL of Trospium Chloride in Diluent, using sonication, if
necessary, to dissolve. [Note—The solution is stable for 12 h. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0% for six replicate injections, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of trospium chloride related compound C in the portion of
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Trospium Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of trospium chloride related compound C from the Sample solution
rS= peak response of trospium chloride from the Standard solution
C=
S concentration of USP Trospium Chloride RS in the Standard solution (mg/mL)
C=
U concentration of Trospium Chloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Name
Trospium chloride related compound Ca
0.2
0.1
Trospium
1.0
—
a (1R,3r,5S)-3-Hydroxyspiro[8-azoniabicyclo[3.2.1]octane-8,1¢-pyrrolidinium]
chloride.
USP36

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry the sample at 105 to constant weight.
Acceptance criteria: NMT 0.5%
• pH 791
Sample solution: 10 mg/mL of Trospium Chloride in carbon dioxide-free water
Acceptance criteria: 5.0–7.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Protect from light. Store at room temperature.
• USP Reference Standards 11
USP Trospium Chloride RS
USP Trospium Chloride Related Compound A RS
Benzilic acid.
C14 H12 O3
228.24[76-93-7].
USP Trospium Chloride Related Compound B RS
Nortropane benzilate;
(1R,3r,5S)-8-Azabicyclo[3.2.1]octan-3-yl hydroxydiphenylacetate.
C21 H23 NO3
337.41
USP Trospium Chloride Related Compound C RS
Azoniaspironortropanol chloride;
(1R,3r,5S)-3-Hydroxyspiro[8-azoniabicyclo[3.2.1]octane-8,1¢-pyrrolidinium] chloride.
C11 H20 ClNO
217.74
2S (USP34)

BRIEFING
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Trospium Chloride Tablets. Because there is no existing USP monograph for this dosage form,
a new monograph based on validated methods of analyses is proposed. The HPLC procedures
in the Assay and in Dissolution, Test 1 are based on analyses performed with the Waters
XTerra RP18 brand of L1 column. The typical retention time of the trospium peak is 3.5–6.0
min. The HPLC procedure in the test for Organic Impurities is based on analyses performed
with the Merck LiChrospher RP 8 brand of L7 column. The typical retention time of the
trospium peak is 8–12 min. The HPLC procedure in Dissolution, Test 2 is based on analyses
performed with the Merck Superspher RP Select B brand of L7 column, with the Merck
LiChrospher 100 RP C8 L7 guard column. The typical retention time of the trospium peak is
about 4.4 min.
(SM3: E. Gonikberg, A. Martin-Esker, M. Marques.)
Correspondence Number—C99021

Comment deadline: March 31, 2012
Add the following:
Trospium Chloride Tablets
DEFINITION
Trospium Chloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
trospium chloride (C25 H30 ClNO3 ).
IDENTIFICATION
• A. The retention time and UV spectrum of the major peak of the Sample solution correspond
to those of the major peak of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, triethylamine, phosphoric acid, and water (350:1:3:650)
Standard solution: 0.1 mg/mL of USP Trospium Chloride RS in Mobile phase
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 100 mg of trospium chloride, to a 100-mL volumetric flask. Add 75
mL of Mobile phase, and sonicate for about 30 min. Dilute with Mobile phase to volume.
Further dilute with Mobile phase to obtain a solution having a nominal concentration of 0.1
mg/mL of trospium chloride. Pass through a suitable filter of 0.45-µm pore size, and use
the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Column temperature: 40
Injection volume: 20 µL
System suitability
Sample: Standard solution
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Suitability requirements:
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of trospium chloride (C25 H30 ClNO3 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of trospium chloride from the Sample solution
rS= peak response of trospium chloride from the Standard solution
C=
S concentration of USP Trospium Chloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of trospium chloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: 0.1 N hydrochloric acid; 1000 mL
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: Acetonitrile, triethylamine, phosphoric acid, and water (350:1:3:650)
Standard stock solution: 0.5 mg/mL of USP Trospium Chloride RS in Mobile phase
Standard solution: 0.02 mg/mL in Medium from the Standard stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm x 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Column temperature: 40
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of trospium chloride (C25 H30 ClNO3 )
dissolved:
Result = (rU/rS) × (CS/L) × V × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
Tolerances: NLT 80% (Q) of the labeled amount of trospium chloride is dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.1 N hydrochloric acid; 1000 mL
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: Acetonitrile, triethylamine, phosphoric acid, and water (300:1:3:700)
Standard stock solution: 0.2 mg/mL of USP Trospium Chloride RS in Medium
Standard solution: 0.02 mg/mL in Medium from the Standard stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Columns
Guard: 4.0-mm × 4-cm; 5-µm packing L7
Analytical: 4.0-mm × 12.5-cm; 4-µm packing L7
Flow rate: 1.0 mL/min
Column temperature: 40
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of trospium chloride (C25 H30 ClNO3 )
dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 1000 mL
Tolerances: NLT 75% (Q) of the labeled amount of trospium chloride is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements
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IMPURITIES
• Organic Impurities
Mobile phase: Acetonitrile, triethylamine, phosphoric acid, and water (300:1:3:700)
Standard solution: 0.003 mg/mL of USP Trospium Chloride RS in Mobile phase
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 150 mg of trospium chloride, to a 50-mL volumetric flask. Add 30 mL of
Mobile phase, and sonicate for about 30 min. Dilute with Mobile phase to volume. Pass
through a suitable filter of 0.45-µm pore size, and use the filtrate.
System suitability solution: 0.01 mg/mL of USP Trospium Chloride RS, 0.003 mg/mL of
USP Trospium Chloride Related Compound A RS, and 0.015 mg/mL USP Trospium Chloride
Related Compound B RS in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Column temperature: 40
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3 between trospium chloride related compound B and trospium, System
suitability solution
Relative standard deviation: NMT 5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of trospium chloride from the Standard solution
C=
S concentration of USP Trospium Chloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of trospium chloride in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1

Name
Nortropane benzilate (trospium chloride related
compound B)
Trospium
Benzilic acid (trospium chloride related
compound A)

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.7
1.0

1.0
—

0.2
—

1.9

1.7

0.2
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Any other individual impurity
Total impurities

—
—

1.0
—

0.1
0.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at
controlled room temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Trospium Chloride RS
USP Trospium Chloride Related Compound A RS
Benzilic acid.
C14 H12 O3
228.24 [76-93-7].
USP Trospium Chloride Related Compound B RS
Nortropane benzilate; (1R,3r,5S)-8-Azabicyclo[3.2.1]octan-3-yl
hydroxydiphenylacetate.
C21 H23 NO3
337.41
USP36

BRIEFING
Vitamin E Capsules, USP 34 page 4593. On the basis of monograph modernization, it is
proposed to replace the packed-column GC Assay procedure with a capillary-column GC
Assay procedure. The proposed capillary-column GC procedure for the Assay is based on
analyses performed with the Agilent 30-m × 0.25-mm i.d., fused silica capillary column
bonded with a 0.25-µm film of DB-1 (G2). The typical retention times for squalane (internal
standard), alpha tocopherol, and alpha tocopheryl acetate are 4.8, 10.2, and 11.3 min,
respectively.
( DS: N. Davydova.)
Correspondence Number—C98925

Comment deadline: March 31, 2012
Vitamin E Capsules
DEFINITION
Vitamin E Capsules contain Vitamin E or Vitamin E Preparation, where Vitamin E is a form of
alpha tocopherol (C29 H50 O2 ) that includes d- or dl-alpha tocopherol (C29 H50 O2 ), d- or dl-alpha
tocopheryl acetate (C31 H52 O3 ), and d- or dl-alpha tocopheryl acid succinate (C33 H54 O5 ); and
Vitamin E Preparation is a combination of a single form of Vitamin E with one or more inert
substances. Vitamin E Capsules contain NLT 95.0% and NMT 120.0% of the labeled amount of
Vitamin E.
IDENTIFICATION
• A.
[Note—Use low-actinic glassware. ]
Sample solutions
Alpha tocopherol: Solution with nominal concentration of 1 mg/mL in dehydrated alcohol
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Alpha tocopheryl acetate: Transfer 220 mg of d- or dl-alpha tocopheryl acetate from
the Capsule contents to a round-bottomed, glass-stoppered, 150-mL flask, and dissolve
in 25 mL of dehydrated alcohol. Add 20 mL of dilute sulfuric acid in alcohol (1 in 7), and
reflux in an all-glass apparatus for 3 h, protected from sunlight. Cool, transfer to a 200mL volumetric flask, and add dilute sulfuric acid in alcohol (1 in 72) to volume.
Alpha tocopheryl acid succinate: [Caution—Wear safety goggles. ] Transfer an
amount of Capsule contents, equivalent to 200 mg of alpha tocopherol, to a roundbottomed, glass-stoppered, 250-mL flask, dissolve in 50 mL of dehydrated alcohol, and
reflux for 1 min. While the solution is boiling, add, through the condenser, 1 g of
potassium hydroxide pellets, one at a time to avoid overheating.
Continue refluxing for 20 min and, without cooling, add 2 mL of hydrochloric acid
dropwise through the condenser.
[Note—This technique is essential to prevent oxidative action by air while the sample is in
an alkaline medium. ]
Cool, and transfer the contents of the flask to a 500-mL separator, rinsing the flask with
100 mL each of water and of ether, and adding the rinsings to the separator. Shake
vigorously, allow the layers to separate, and collect each of the two layers in individual
separators. Extract the aqueous layer with two 50-mL portions of ether, and add these
extracts to the main ether extract. Wash the combined ether extracts with four 100-mL
portions of water, then evaporate the ether solution on a water bath under reduced
pressure or in an atmosphere of nitrogen until about 7 or 8 mL remain. Complete the
evaporation, removing the last traces of ether without the application of heat.
Immediately dissolve the residue in dilute sulfuric acid in alcohol (1 in 72), transfer to a
200-mL volumetric flask, and dilute with dilute sulfuric acid in alcohol (1 in 72) to
volume.
Analysis
Sample: Use the appropriate Sample solution.
Add 2 mL of nitric acid with swirling to 10 mL of Sample solution, and heat at about 75
for 15 min.
Acceptance criteria: A bright red or orange color develops.
• B. Optical Rotation 781
Sample solutions
Alpha tocopherol: Dissolve an amount of the sample equivalent to100 mg of alpha
tocopherol in 50 mL of ether.
Alpha tocopheryl acetate: Transfer a volume of the Sample solution for Alpha
tocopheryl acetate from Identification test A, equivalent to 100 mg of the test article,
to a separator, and add 200 mL of water. Extract with ether, first with 75 mL, then with
25 mL; and combine the ether extracts in another separator.
Alpha tocopheryl acid succinate: Transfer a volume of the Sample solution for Alpha
tocopheryl acid succinate from Identification test A, equivalent to 100 mg of the test
article, to a separator, and add 200 mL of water. Extract with ether, first with 75 mL,
then with 25 mL; and combine the ether extracts in another separator.
Analysis
Sample: Use the appropriate Sample solution.
To the entire volume of a Sample solution, as prepared above, add 20 mL of a solution (1
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in 10) of potassium ferricyanide in sodium hydroxide solution (1 in 125), and shake for 3
min. Wash the ether solution with four 50-mL portions of water, discard the washings, and
dry over anhydrous sodium sulfate. Evaporate the dried ether solution on a water bath
under reduced pressure or in an atmosphere of nitrogen until 7–8 mL remain, then
complete the evaporation, removing the last traces of ether without the application of
heat. Immediately dissolve the residue in 5.0 mL of isooctane, and determine the optical
rotation using as c the number of g of total tocopherols, determined in the Assay, in each
100 mL of solution used for the test.
Acceptance criteria
For Capsules labeled to contain d-isomers: NLT +24
For Capsules labeled to contain dl-forms: Show essentially no optical rotation
• C. The retention time of the major peak for alpha tocopherol of the Sample solution
corresponds to that of the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Alpha Tocopherol
[Note—Use low-actinic glassware. ]
Internal standard solution: 1 mg/mL of hexadecyl hexadecanoate in n-hexane
Standard solution: 1 mg/mL of the USP Alpha Tocopherol RS in the Internal standard
solution
System suitability solution: 1 mg/mL each of USP Alpha Tocopherol RS and USP Alpha
Tocopheryl Acetate RS in n-hexane
Interference check solution: 1 mg/mL of Vitamin E (d- or dl-alpha tocopherol) in nhexane
Sample solution: Weigh NLT 10 Capsules in a tared weighing bottle. With a sharp blade
or by other appropriate means, carefully open the Capsules, without loss of the shell
material, and transfer the combined Capsule content to a 100-mL beaker. Remove any
adhering substance from the emptied Capsules by washing with several small portions of
n-hexane. Discard the washings, and allow the empty Capsules to dry in a current of dry
air until the odor of n-hexane is no longer perceptible. Weigh the empty Capsules in the
original tared weighing bottle, and calculate the average net weight per Capsule. Dissolve
a portion of the combined Capsule contents with Internal standard solution to prepare a
nominally 1-mg/mL solution of Vitamin E (d- or dl-alpha tocopherol).
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 4-mm × 2-m borosilicate glass column packed with 2%–5% liquid phase G2 on
80- to 100-mesh support S1AB using either a glass-lined sample introduction system or
on-column injection
Temperature
Column: 245 –265 (maintained isothermally)
Injector: 10 higher than the column temperature
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Detector: 10 higher than the column temperature
Flow rate: The flow rate of dry carrier gas is adjusted to obtain a hexadecyl
hexadecanoate peak about 18–20 min after sample introduction when a 2% column is
used, or 30–32 min when a 5% column is used.
Injection size: 2–5 µL
Interference check
Sample: Internal standard solution and Interference check solution
Chromatograph the Interference check solution so that the principal peak exhibits NLT
50% of maximum recorder response. Similarly chromatograph the Internal standard
solution. If a peak observed in the Interference check solution has the same retention
time as that for hexadecyl hexadecanoate, make any necessary correction for factors
of dilution or attenuation, and determine the area due to the interfering component
that must be subtracted from the area of the internal standard peak appearing in the
Sample solution.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.0 between the alpha tocopherol and alpha tocopheryl acetate
peaks
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of alpha tocopherol in the portion of
Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of alpha tocopherol to the internal standard from the Sample solution
R=
S peak area ratio of alpha tocopherol to the internal standard from the Standard solution
C=
S concentration of USP Alpha Tocopherol RS in the Standard solution (mg/mL)
C=
U nominal concentration of alpha tocopherol in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–120.0% of the labeled amount of vitamin E as d- or dl-alpha
tocopherol (C29 H50 O2 )
[
Note—Use low-actinic glassware. ]
Internal standard solution: 10 mg/mL of squalane in cyclohexane
System suitability solution: 0.1 mg/mL each of USP Alpha Tocopherol RS and USP Alpha
Tocopheryl Acetate RS in cyclohexane
Standard solution: 10 mg/mL of USP Alpha Tocopherol RS in Internal standard solution
Sample solution: Weigh NLT 10 Capsules in a tared weighing bottle. With a sharp knife or
by other appropriate means, carefully open the Capsules, without loss of the shell
material, and transfer the combined Capsule content to a 100-mL beaker. Remove any
adhering substance from the emptied Capsules by washing with several small portions of
n-hexane. Discard the washings, and allow the empty Capsules to dry in a current of dry
air until the odor of n-hexane is no longer perceptible. Weigh the empty Capsules in the
original tared weighing bottle, and calculate the average net weight per Capsule. Dissolve

PF 38(1): Jan.-Feb. 2012

224

a portion of the combined Capsule contents in Internal standard solution to prepare a
Vitamin E (d- or dl-alpha tocopherol) solution with nominal concentration of 10 mg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary, bonded with a 0.25-µm film of phase G2
Temperature
Column: 280
Injection port: 290
Detector: 290
Carrier gas: Helium
Flow rate: 1 mL/min
Split ratio: 100:1
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.5 between alpha tocopherol and alpha tocopheryl acetate,
System suitability solution
Relative standard deviation: NMT 2.0% for ratios of alpha tocopherol to internal
standard peak responses from replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of Vitamin E (d- or dl-alpha tocopherol) in the portion of the
capsule contents taken:
Result = (RU/RS) × (CS/CU) × 100
RU= ratio of alpha tocopherol peak response to internal standard peak response from the
Sample solution
R=
S ratio of alpha tocopherol peak response to internal standard peak response from the
Standard solution
C=
S concentration of USP Alpha Tocopherol RS in the Standard solution (mg/mL)
C=
U nominal concentration of Vitamin E as d- or dl-alpha tocopherol in the Sample solution
(mg/mL)
Acceptance criteria: 95.0%–120.0% of the labeled amount of Vitamin E as d- or dl-alpha
tocopherol (C29 H50 O2 ) USP36
• Alpha Tocopheryl Acetate: Proceed as directed in the Assay for Alpha Tocopherol. For the
Standard solution and Sample solution, substitute alpha tocopheryl acetate for alpha
tocopherol and substitute USP Alpha Tocopheryl Acetate RS for USP Alpha Tocopherol RS.
Acceptance criteria: 95.0%–120.0% of the labeled amount of Vitamin E as d- or dl-alpha
tocopheryl acetate (C31 H52 O3 )
• Alpha Tocopheryl Acid Succinate: Proceed as directed in the Assay for Alpha Tocopherol.
For the Standard solution and Sample solution, substitute alpha tocopheryl acid succinate
for alpha tocopherol and substitute USP Alpha Tocopheryl Acid Succinate RS for USP Alpha
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Tocopherol RS.
Acceptance criteria: 95.0%–120.0% of Vitamin E as d- or dl-alpha tocopheryl acid
succinate (C33 H54 O5 )
PERFORMANCE TESTS
• Disintegration 701
Buffer solution: Dissolve 2.99 g of sodium acetate and 1.66 mL of glacial acetic acid with
water to obtain 1000 mL of solution having a pH of 4.5 ± 0.05.
Medium: Buffer solution
Time: 45 min
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect Capsules containing d- or dl-alpha tocopherol from light.
• Labeling: Label to indicate the chemical form of Vitamin E present and to indicate whether
the d- or the dl-form is present, excluding any different forms that may be introduced as a
minor constituent of the vehicle. Designate the quantity of Vitamin E present.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
BRIEFING
Vitamin E Preparation, USP 34 page 4592. On the basis of monograph modernization, it is
proposed to replace the packed-column GC Assay procedure with a capillary-column GC
Assay procedure. The proposed capillary-column GC procedure for the Assay is based on
analyses performed with the Agilent 30-m × 0.25-mm i.d., fused silica capillary column
bonded with a 0.25-µm film of DB-1 (G2). The typical retention times for squalane (internal
standard), alpha tocopherol, and alpha tocopheryl acetate are 4.8, 10.2, and 11.3 min,
respectively.
(DS: N. Davydova.)
Correspondence Number—C98925

Comment deadline: March 31, 2012
Vitamin E Preparation
DEFINITION
Vitamin E Preparation is a combination of a single form of Vitamin E with one or more inert
substances. It may be in a liquid or solid form. It contains NLT 95.0% and NMT 120.0% of the
labeled amount of Vitamin E. Vitamin E Preparation labeled to contain a dl-form of Vitamin E
may contain also a small amount of a d-form of Vitamin E, occurring as a minor constituent of
an added substance.
IDENTIFICATION
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[Note—Use low-actinic glassware. ]
• A.
Sample solution: Transfer an amount of Preparation, equivalent to 200 mg of alpha
tocopherol, to a round-bottom, glass-stoppered, 250-mL flask. Dissolve in 50 mL of
dehydrated alcohol, and reflux for 1 min. While the solution is boiling, add, through the
condenser, 1 g of potassium hydroxide pellets, one at a time to avoid overheating.
[Caution—Wear safety goggles. ]
Continue refluxing for 20 min, and without cooling add 2 mL of hydrochloric acid dropwise
through the condenser. [Note—This technique is essential to prevent oxidative action by
air while the sample is in an alkaline medium. ]
Cool, and transfer the contents of the flask to a 500-mL separator, rinsing the flask with
100 mL each of water and ether, and adding the rinsings to the separator. Shake
vigorously, allow the layers to separate, and collect each of the two layers in individual
separators. Extract the aqueous layer with two 50-mL portions of ether, and add these
extracts to the main ether extract. Wash the combined ether extracts with four 100-mL
portions of water, then evaporate the ether solution on a water bath under reduced
pressure or in an atmosphere of nitrogen until about 7–8 mL remain. Complete the
evaporation, removing the last traces of ether without the application of heat. Immediately
dissolve the residue in dehydrated alcohol, transfer to a 250-mL volumetric flask, and dilute
with dehydrated alcohol to volume.
Analysis: To 10 mL of the Sample solution, add 2 mL of nitric acid with swirling, and heat
at about 75 for 15 min.
Acceptance criteria: A bright red or orange color develops.
• B. Optical Rotation 781
Sample solution: A volume of the Sample solution from Identification test A, equivalent to
100 mg of Preparation
Analysis: Transfer the Sample solution to a separator, and add 200 mL of water. Extract
first with 75 mL, then with 25 mL, of ether, and combine the ether extracts in another
separator. To the combined ether extracts, add 20 mL of a solution (1 in 10) of potassium
ferricyanide in sodium hydroxide solution (1 in 125), and shake for 3 min. Wash the ether
solution with four 50-mL portions of water, discard the washings, and dry over anhydrous
sodium sulfate. Evaporate the dried ether solution on a water bath under reduced
pressure or in an atmosphere of nitrogen until about 7–8 mL remain, then complete the
evaporation, removing the last traces of ether without the application of heat.
Immediately dissolve the residue in 5.0 mL of isooctane, and determine the optical rotation
using c as the number of g of total tocopherols, as determined in the Assay, in each 100
mL of solution used for the test.
Acceptance criteria: The d-isomers have a specific rotation of NLT +24 . The dl-forms
show essentially no optical rotation.
• C. The retention time of the major peak of the Sample solution corresponds that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Alpha Tocopherol
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[Note—Use low-actinic glassware. ]
Internal standard solution: 1 mg/mL of hexadecyl hexadecanoate in n-hexane
Standard solution: 1 mg/mL of the USP Alpha Tocopherol RS in Internal standard solution
Sample solution
For the Preparation in liquid form: Transfer a portion of Preparation, equivalent to 50
mg of alpha tocopherol, to a 50-mL volumetric flask, and dilute with Internal standard
solution to volume.
For the Preparation in solid form: Transfer a portion of Preparation, equivalent to 50
mg of alpha tocopherol, into a flask suitable for refluxing. Add 5 mL of water, and heat
on a water bath at 60 for 10 min. Add 25 mL of alcohol, and reflux for 30 min. Cool,
and transfer to a separator with the aid of 50 mL of water and 50 mL of ether. Shake
vigorously, allow the layers to separate, and collect each layer in individual separators.
Extract the aqueous layer with two 25-mL portions of ether, combining the extracts
with the original ether layer. Wash the combined extract with one 25-mL portion of
water, filter the ether solutions through 1 g of anhydrous sodium sulfate, and with the
aid of a stream of nitrogen evaporate the ether solution on a water bath, controlled at
a temperature that will not cause the ether solution to boil over. Remove the container
from the water bath when 5 mL remains, and complete the evaporation without the
application of heat. Dissolve the residue in 50.0 mL of Internal standard solution.
Interference check solution
For the Preparation in liquid form: Proceed as directed for the liquid form Sample
solution, except to dissolve the sample in 50.0 mL of n-hexane.
For the Preparation in solid form: Proceed as directed for the solid form Sample
solution, except to dissolve the residue in 50.0 mL of n-hexane.
System suitability solution: 1 mg/mL each of USP Alpha Tocopherol RS and USP Alpha
Tocopheryl Acetate RS in n-hexane
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 4-mm × 2-m borosilicate glass column packed with 2%–5% liquid phase G2;
80- to 100-mesh support S1AB, utilizing either a glass-lined sample introduction system
or on-column injection
Temperature
Column: 245 –265 , isothermal
Injector port: 10 higher than the column temperature
Detector: 10 higher than the column temperature
Flow rate: The flow rate of dry carrier gas is adjusted to obtain a hexadecyl
hexadecanoate peak approximately 18–20 min after sample introduction when a 2%
liquid phase column is used, or 30–32 min when a 5% liquid phase column is used.
Injection size: 2–5 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.0 between alpha tocopherol and alpha tocopheryl acetate
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Relative standard deviation: NMT 2.0%
Interference check
Samples: Interference check solution and Internal standard solution
Chromatograph the Interference check solution to obtain a chromatogram in which the
principal peak exhibits NLT 50% of maximum recorder response. Similarly chromatograph
the Internal standard solution. If a peak observed in the Interference check solution has
the same retention time as that for hexadecyl hexadecanoate, make any necessary
correction for factors of dilution or attenuation, and determine the area due to the
interfering component that must be subtracted from the area of the internal standard
peak observed in the Sample solution.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alpha tocopherol in the portion of Vitamin E Preparation taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of alpha tocopherol to the internal standard from the Sample
solution
RS= peak response ratio of alpha tocopherol to the internal standard from the Standard
solution
C=
S concentration of USP Alpha Tocopherol RS in the Standard solution (mg/mL)
C=
U nominal concentration of alpha tocopherol in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–120.0%
Internal standard solution: 10 mg/mL of squalane in cyclohexane
System suitability solution: 0.1 mg/mL each of USP Alpha Tocopherol RS and USP
Alpha Tocopheryl Acetate RS in cyclohexane
Standard solution: 10 mg/mL of USP Alpha Tocopherol RS in Internal standard solution
Sample solution
For the Preparation in liquid form: Dissolve a portion of Preparation in Internal
standard solution to prepare a Vitamin E (d- or dl-alpha tocopherol) solution with
nominal concentration of 10 mg/ml.
For the Preparation in solid form: Transfer a portion of Preparation, equivalent to 50
mg of alpha tocopherol, into a flask suitable for refluxing. Add 5 mL of water, and
heat on a water bath at 60 for 10 min. Add 25 mL of alcohol, and reflux for 30 min.
Cool, and transfer to a separator with the aid of 50 mL of water and 50 mL of ether.
Shake vigorously, allow the layers to separate, and collect each layer in individual
separators. Extract the aqueous layer with two 25-mL portions of ether, combining
the extracts with the original ether layer. Wash the combined extract with one 25-mL
portion of water, filter the ether solutions through 1 g of anhydrous sodium sulfate,
and with the aid of a stream of nitrogen evaporate the ether solution on a water
bath, controlled at a temperature that will not cause the ether solution to boil over.
Remove the container from the water bath when 5 mL remains, and complete the
evaporation without the application of heat. Dissolve the residue in Internal standard
solution to prepare a Vitamin E (d- or dl-alpha tocopherol) solution with nominal
concentration of 10 mg/ml.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m fused silica capillary, bonded with a 0.25-µm film of phase
G2
Temperature
Column: 280
Injection port: 290
Detector: 290
Carrier gas: Helium
Flow rate: 1 mL/min
Split ratio: 100:1
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.5 between alpha tocopherol and alpha tocopheryl acetate,
System suitability solution
Relative standard deviation: NMT 2.0% for ratios of alpha tocopherol to internal
standard peak responses from replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of Vitamin E (d- or dl-alpha tocopherol) in the portion of the
Capsule contents taken:
Result = (RU/RS) × (CS/CU) × 100
RU= ratio of alpha tocopherol peak response to internal standard peak response from the
Sample solution
R=
S ratio of alpha tocopherol peak response to internal standard peak response from the
Standard solution
C=
S concentration of USP Alpha Tocopherol RS in the Standard solution (mg/mL)
C=
U nominal concentration of Vitamin E as d- or dl-alpha tocopherol in the Sample
solution (mg/mL)
Acceptance criteria: 95.0%–120.0% of the labeled amount of Vitamin E as d- or dlalpha tocopherol (C29 H50 O2 ) USP36
• Alpha Tocopheryl Acetate: Proceed as directed in the Assay for Alpha Tocopherol. For the
Standard solution and Sample solution, substitute alpha tocopheryl acetate for alpha
tocopherol, and substitute USP Alpha Tocopheryl Acetate RS for USP Alpha Tocopherol RS.
Acceptance criteria: 95.0%–120.0%
• Alpha Tocopheryl Acid Succinate: Proceed as directed in the Assay for Alpha Tocopherol.
For the Standard solution and Sample solution, substitute alpha tocopheryl acid succinate
for alpha tocopherol, and substitute USP Alpha Tocopheryl Acid Succinate RS for USP
Alpha Tocopherol RS.
Acceptance criteria: 95.0%–120.0%
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SPECIFIC TESTS
• Acidity (for liquid forms of Vitamin E Preparation)
Diluent: Alcohol and ether (1:1), neutralized to phenolphthalein with 0.1 N sodium
hydroxide
Sample solution: Dissolve 1 g of Preparation in 25 mL of Diluent.
Analysis: To 25 mL of the Sample solution, add 0.5 mL of phenolphthalein TS, and titrate
with 0.10 N sodium hydroxide until the solution remains faintly pink after shaking for 30 s.
Acceptance criteria: NMT 1.0 mL of 0.10 N sodium hydroxide is required.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Protect
Preparation containing d- or dl-alpha tocopherol with a blanket of inert gas.
• Labeling: Label it to indicate the chemical form of Vitamin E present, and to indicate
whether the d- or the dl-form is present, excluding any different forms that may be
introduced as a minor constituent of the vehicle. Designate the quantity of Vitamin E
present.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS

PF 38(1): Jan.-Feb. 2012

231

Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.

PF 38(1): Jan.-Feb. 2012

Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.

232

PF 38(1): Jan.-Feb. 2012

233

STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
An Integrated and Harmonized Approach to Analytical Instrument Qualification and
Computerized System Validation—A Proposal for an Extension of Analytical Instrument
Qualification

1058

C Burgess,1 RD McDowall2,3
ABSTRACT The original basis of Analytical Instrument Qualification 1058 was the 2004
AAPS white paper on Analytical Instrument Qualification, which focused on a risk-based
approach to analytical instrument qualification (AIQ) by classifying apparatus (Group A),
instruments (Group B), and computerized analytical systems (Group C) based on the
laboratory's intended use (1). The definition of the intended use is key to the process because
the same item could be classified in any of the three groups depending on its use. This Stimuli
article proposes a new risk-based life cycle model that extends the current 1058
approaches and makes the chapter compatible with the second edition of the Good Automated
Manufacturing Practice 5 Good Practice Guide (GAMP 5 GPG) for the validation of computerized
systems published in late 2011.
INTRODUCTION
The current weakness of the overall risk-based approach to the validation of computerized
systems is the way in which software is assessed. Software is pervasive in Group B instruments
and Group C systems. Chapter 1058 currently references an FDA Guidance for Industry,
General Principles of Software Validation that was written for medical device software that is
neither configured (modified to the business process by vendor-supplied tools) nor customized
(by software macros or modules that are integrated with the product) (2). Because many
analytical instruments and systems are configured or customized, this guidance does not fit
well in a regulated GXP laboratory environment.
From a software perspective, the GAMP 5 GPG for validation of computerized laboratory
systems has wide recognition within the industry and regulators but is not consistent with some
of the elements of 1058 (3). It is currently under revision that one hopes will provide
compatibility with the requirements of analytical instrument qualification. Compatibility between
these two important guidance documents is highly desirable from a global compliance
perspective.
Therefore the purpose of this Stimuli article is to propose a risk-based life cycle model that
links 1058 , the GAMP 5 GPG, and intended use covering an integrated approach to
instrumentation, hardware, and software.
The basic risk-assessment model in 1058 is the classification of all items into one of Group
A, B, or C based on a definition of intended use. This generally is a sound approach because
apparatus (Group A), instruments (B), or computerized analytical systems (C) are easily
classified. A weakness of 1058 is that the level of granularity offered is insufficient to
classify the variety and permutations of instruments (B) and computer analytical systems (C)
used in combination with software in the laboratory today.
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Therefore our basic proposal is to provide a means of:
1. unambiguously differentiating between apparatus (Group A) and instruments (Group B)
based on functionality and
2. linking software elements with the various types of instrument (Group B) and systems
(Group C) because current instrumentation is more complex that the simplistic use of
Groups A, B, and C. This linkage will identify subgroups within Groups B and C.
This latter proposal is a fundamental difference and is necessary for determining the proper
extent of qualification or validation for a specific instrument or system. Proper qualification or
validation also is a requirement for complying with US GMP regulations, specifically 21 CFR
21.68(b), which requires that calculations be checked if the instrument or system yields
calculations upon which the user relies. This requirement is not mentioned in the current
version of

1058 .

TERMINOLOGY
Analysts struggle with considerable confusion about the exact meaning of the terms calibration,
qualification, and validation. In the current context, we propose that the terms calibration and
qualification be confined to analytical apparatus and instrumentation. Validation refers to the
demonstration of proper functioning of analytical systems, which includes qualification and
calibration activities.
Calibration is presented here as a subset of qualification. In current USP terms, instrument
calibration is seen as part of Performance Qualification (PQ) and end-user calibration (directly
by the manufacturer or outsourced to service providers). Precalibrated apparatus, e.g.,
volumetric glassware or sieves, are bought from manufacturers or suppliers on a traceable
certificate within an established quality management system.
The term qualification refers to activities undertaken to demonstrate that utilities and
equipment (laboratory equipment) are suitable for their intended use and perform properly (4).
The 4Qs model involves design qualification (DQ), installation qualification (IQ), operational
qualification (OQ), and PQ and is incompatible with the 4Qs model of computer system
validation. Unfortunately both models use the identical terminology, but the terms mean
different things. This situation is illustrated in Figure 1.

Figure 1. Differences in the 4Qs model for AIQ and GAMP 5.
The nature of the 4Qs model used in CSV is that all four Qs will be performed before the system
goes live, but in AIQ only three stages of the model are performed before release for
operational use. Therefore, manufacturers risk undertaking either too little or too much work if
there is no clear understanding of the context of the 4Qs model. Some vendors have extended
the 4Qs model with terms such as PV (Process Verification) and MQ (Maintenance Qualification)
that add no value to the overall process and serve only to confuse.
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Therefore we propose not to use the 4Qs model at all and to combine calibration, qualification,
and validation activities into a single unified risk-based approach based on intended use.
Indeed, in the General Principles of Software Validation, section 3.1.3 notes that “IQ, OQ, and
PQ will not be discussed in the document” (2). Furthermore the IQ, OQ, and PQ terminology
that originated with the 1987 guidance on Process Validation (5) has been omitted in the 2011
revision (4), and there is simply a process performance qualification (PPQ) stage.
An initial risk assessment based on an item's intended use is critical, and thus a documented
intended-use statement must be written. This document should be reviewed on a regular basis
through the life cycle because laboratory operations change over time and are influenced by
reorganizations, mergers, and acquisitions.
EXTENSION TO CATEGORIES WITHIN THE CURRENT 1058
We propose that a simple hierarchical risk-assessment model be made to determine the extent
of qualification or validation required to ensure fitness for purpose under the actual conditions
of use within the laboratory.
This approach obviates the need to give examples for the existing

1058

Groups A, B, and C.

Hence our proposed model splits the 1058 Groups B and C categories into 3 and 4
subcategories, respectively, as shown below:
Group A (apparatus)—no qualification impact
Group B (instruments)
Instrument only—qualification required (subcategory I)
Instrument with software—qualification required and calculations verified
(subcategory II)
Instrument with software—qualification required plus control of user-defined
programs (subcategory III)
Group C (systems)
Full validation required but without instrument qualification (subcategory I)
Reduced validation required but without instrument qualification (subcategory II)
Full validation required and instrument qualification (subcategory III)
Reduced validation required and instrument qualification (subcategory IV)
The fundamental idea is to provide an unambiguous assignment of category that is documented
in the qualification and validation statement.
Risk Analysis Questions to Determine Correct Categorization
The process flow for this risk-assessment model is based on 16 simple yes/no questions and 4
outcomes and is outlined below and is shown in Figure 2.
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Figure 2. Risk assessment process flow for group categorization in general chapter 1058 .
The first stage of the Risk Assessment is to differentiate between apparatus and
instrumentation. Three questions (Q1 to Q3) are asked:
1. Does the item have any measurement capability?
2. Is the item user-calibrated after purchase?
3. Does the use of the item require more than observation?
If the answer to each is no, then the item is certainly in 1058 Group A. On the other hand if
one or more answers are yes, then Stage 2 is required (Outcome 1).
Stage 2 tests the criticality of the analytical data. Five questions are asked (Q4 to Q9): For
the sake of the model's completeness we have included the possibility of laboratory
instrumentation/systems being present and not being used for regulatory purposes (Outcome
2). Is the instrument/system used for or in:
4. Testing of drug substance or product for formal release?
5. Shipment of material, e.g., data loggers?
6. Nonclinical laboratory studies intended for submission in a regulatory dossier?
7. Clinical investigations, including clinical supplies or pharmacokinetics?
8. Generation of, submissions to, or withdrawal of a regulatory dossier?
9. Backup, storage, or transfer of electronic records supporting any of the above?
If all responses are no, then qualification and validation are not necessary because the item
has no GXP function. This is highly unlikely to happen within a pharmacopeial analysis.
At this point our proposed model differentiates between purely software applications (Excel or
Minitab, for example) used in the laboratory and computerized analytical instruments and
systems and facilitates the subclassification of Groups B and C.
At Stage 3 only one question is asked:
10. Is the item software that only performs a GXP function or creates GXP records?
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If the answer is yes, then users should evaluate the software GXP impact as shown in Figure 2.
If the answer is no, then it is necessary to differentiate between instruments and systems (USP
1058 Group B or Group C).
At Stage 4 only three questions are asked (Q11 to Q13):
11. Does the item measure values or control physical parameters?
12. Does the item require user calibration?
13. Is there a separate computer for control of an instrument and data acquisition?
The result is Outcome 3. If all the answers are yes, then a
is indicated.

1058

Group C instrument/system

If any answers are no, then a 1058 Group B instrument is specified. The exact
subclassification, I, II, or III, is determined by the answers to three questions regarding
customization and configuration.
At Stage 5 the three remaining questions are asked (Q14 to Q16) to determine Outcome 4:
14. Are there any built-in calculations that are used by the instrument but that cannot be
changed or configured?
15. Can analysts configure the built-in calculations in the instrument?
16. Can analysts write a user-defined program with the instrument?
If only Q14 is answered yes, then it is assigned to Group B Category I.
If the answers to Q14 and Q15 are yes, then it is assigned to Group B Category II.
If the answers to Q14, Q15, and Q16 are yes, then it is assigned to Group B Category III.
The subclassification of 1058 Group C systems is determined by establishing the extent of
validation and qualification necessary based upon the GAMP software category and the
regulatory impact as determined by the user. This is shown in Figure 3.

Figure 3. Subclassification of

1058 Group C systems by software—extent of validation and
qualification necessary.

Hence the proposed 1058 Group C system subcategories are:
Full validation required but without instrument qualification (Category I)
Reduced validation required but without instrument qualification (Category II)
Full validation required and instrument qualification (Category III)
Reduced validation required and instrument qualification (Category IV).
HARMONIZATION OF

1058 AND GAMP 5

The current GAMP 5 GPG and the current 1058 both aim to ensure that computerized
laboratory systems are demonstrably fit for purpose, are operated in a controlled manner, and
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produce expected results. Whilst both publications use different terminology, the end objective
of both documents is the overall control of systems used in a regulated laboratory.
Analysts should note that both approaches use risk management:
GAMP approaches computerized laboratory systems from the software risk perspective
via classification of software into Categories 3, 4, and 5
Chapter 1058 approaches the problem from the perspective of instrument risk
perspective with classification into Groups A, B, and C.
However, these approaches can be rationalized as shown in Figure 4.

Figure 4. Mapping GAMP 5 vs. chapter 1058 .
Differences between 1058 and GAMP 5
A number of differences between
4.

1058

and GAMP 5 software categories are shown in Figure

The scope of 1058 is wider than that of GAMP 5. Chapter 1058 includes Group A,
which consists of apparatus such as nitrogen evaporators, flask shakers, etc. For the
purposes of GAMP, this is not a significant difference because these apparatus are not
computerized, and therefore they are excluded from the scope of the GPG (6).
Chapter 1058 Groups B and C instruments and systems overlap GAMP software
Category 3 because GAMP 5 discontinued software Category 2 (firmware). This means
that GAMP 5 software Category 3 has a wide range of instruments and systems and
includes, for example, equipment ranging from pH meters to instruments controlled by
nonconfigured software on a PC.
GAMP 5 defines both configurable and custom software elements well (Categories 4 and
5). However, chapter 1058 refers to an FDA guidance for industry titled General
Principles of Software Validation that was written originally for medical device software,
as discussed earlier, and that does not mention these important software aspects (2).
A Continuum of Analytical Instruments and Systems
A continuum of instruments can be covered by the term computerized laboratory system used
in the GAMP 5 GPG:
1.
2.
3.
4.

Analytical instrument controlled by firmware
Analytical instrument controlled by firmware that also can perform in-built calculations
Analytical instrument controlled by firmware that allows users to define simple routines
Instruments with commercial nonconfigurable application software, typically on an
attached PC
5. Instruments with commercial configurable application software
6. Instruments with commercial configurable application software that enables users to
define custom reports, custom calculations, or macros.
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The numbers above correspond to the ranges of computerized laboratory systems shown in
Figure 4.
Extent of Qualification/Validation Activities for the Harmonized Chapter 1058 and
GAMP 5 Categories
We propose that a harmonized set of qualification and validation activities be mapped to the
outcome decisions reached by the activities shown in Figure 2. This allows a harmonization of
the GAMP 5 categories and the extended
article. This is shown in Table 1.

1058

categorization proposed in this Stimuli

Table 1. Mapping of Proposed Extension of Chapter 1058 and GAMP 5 with Qualification and
Validation Activities
CONCLUSION
We have proposed a new risk-based life cycle model that extends the current 1058
approaches and makes the chapter compatible with the second edition of the GAMP 5 GPG for
the validation of computerized systems (published late in 2011). A harmonized and integrated
approach to the validation and qualification of instrumentation, hardware, and software is
achievable. We do not propose to use the 4Qs model at all and instead combine calibration,
qualification, and validation activities into a single unified risk-based approach based on
intended use. Sixteen simple closed questions are employed to classify apparatus, instruments,
and systems into the correct 1058 Group A, B, or C. Subcategories of Groups B and C are
proposed to cover all combinations of instruments and software to ensure that the appropriate
amount of qualification and validation work is undertaken. Our proposed approach is mapped to
both the GAMP software categories and the

1058

groups to show that, although different
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approaches are used, integration between the two is achievable and highly desirable for a
consistent and harmonized approach to analytical instruments and systems.
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USP's Nomenclature Initiatives
Angela G. Long, M.S.; Andrzej Wilk, Ph.D.; Matthew Van Hook, J.D.; Shawn C. Becker, M.S., RN
ABSTRACT The purpose of this Stimuli article is to update USP–NF users about recent USP
nomenclature initiatives. These initiatives include: (a) a revision of general information chapter
Nomenclature 1121 ; (b) recommendations from the Monograph Naming Advisory Group on
the implementation, education, and communication of the USP Monograph Naming Policy for
Salt Drug Substances in Drug Products and Compounded Preparations, which becomes official
May 1, 2013; (c) a new Nomenclature Guideline that will provide additional information about
how the USP Nomenclature, Safety and Labeling Expert Committee1 names drug products; and
(d) a new “Compendial Nomenclature” area of the USP website that provides the naming
decisions of the Nomenclature, Safety, and Labeling Expert Committee in a timely manner.
Background
In the interest of achieving a uniform and consistent process for the naming of compendial
articles (drug substances and drug products, for small molecule drugs, biologics, excipients, and
dietary supplements), the Nomenclature, Safety, and Labeling Expert Committee applies
standard naming approaches to articles appearing in the USP–NF for consistency in establishing
titles of drug product monographs. These general naming approaches are outlined in general
information chapter Nomenclature 1121 .
In the United States under the Federal Food, Drug, and Cosmetic Act (FDCA), the name given a
drug (nomenclature) plays a critical role. Both the United States Pharmacopeia (USP) and the
National Formulary (NF) are recognized as official compendia. A drug (which includes both
FDCA and Public Health Service Act biologics) with a name recognized in USP–NF must comply
with compendial identity standards or be deemed adulterated, misbranded, or both. In addition,
such drugs also must comply with compendial standards for strength, quality, and purity, unless
labeled to show all respects in which the drug differs. See FDCA 501(b) and 502(e)(3)(b), and
the Food and Drug Administration (FDA) regulations at 21 CFR 299.5. The FDCA requires all
legally marketed drugs to have an “established name” (which is a nonproprietary name, other
than the applicable systematic chemical name), which is almost always tied to the drug name
recognized in USP–NF. USP plays an important role, with FDA, in creating such
names/nomenclature, which play a central role not only for enforceable compendial
requirements, but also in FDA regulations. Note that oversight of proprietary or “brand” drug
names remains the responsibility of FDA, working with applicants in the course of reviewing and
approving new drug applications (NDAs), abbreviated new drug applications (ANDAs), and
biologics license applications (BLAs).
FDCA 502(e)(3) specifies how “established names” for drugs are created. FDA may establish
such names by regulation under FDCA 508, but rarely does so. Instead, in the absence of a
name specifically designated in a 508 rulemaking, the law recognizes the official title of a drug
in USP–NF (and that is so even if USP does not designate a established name until after FDA
has approved a drug or biologic, which might necessitate a change in the product's interim
established name). As detailed in FDA regulations, the naming of an article in a USP
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compendium is the primary pathway for deriving official nonproprietary names. In particular, FDA
regulations recognize the process by which USP develops established names for drug
substances, which is normally through the work of the U.S. Adopted Names (USAN) Council,
which in addition to USP includes the American Medical Association and American
Pharmaceutical Association, with close cooperation by FDA (see 21 CFR 299.4(c), (d), and (e).
Accordingly, the regulated community “may rely on as the established name for any drug the
current compendial name or the USAN adopted name listed in USAN and the USP Dictionary of
Drug Names”2 [21 CFR 299.4(e)].
While USP has had a role in monograph naming since its inception in 1820, a USP nomenclature
committee was formed in 19861 to create appropriate established names for dosage forms and
combination drug products, and to develop naming policies. The Expert Committee coordinates
its work with the USAN Council, and it establishes a Pronunciation Guide, which also is utilized
by USAN.
Changes to Nomenclature

1121

The proposed changes to Nomenclature 1121 , also included in this issue of Pharmacopeial
Forum (PF) 38(1), include, first and foremost, a proposal to move the general information
chapter to a general test chapter below <1000>. The new number for the chapter is 8 . This
reflects the mandatory nature of the chapter due to USP's legal authority in creating
established names (see above). Main changes in the chapter include:
An updated description of USP's role in law with amended references
A revised Monograph Naming Policy for Salt Drug Substances in Drug Products and
Compounded Preparations to clarify the definition of the active moiety. This definition
applies to non-covalent chemical entities such as salts, complexes, and clathrates, but
excludes covalently bound esters.
General rules applied in the naming of drug products with clear definitions such as:
Rules for omitting route of administration in the name
Rules for naming and labeling injections, where specific route (e.g., intravenous,
intramuscular) is placed in the labeling rather than in the title
Term “for” which is included in names to indicate that the product is a solid drug
substance that must be dissolved or suspended in a suitable liquid to obtain a
final dosage form
Provision that creams, ointments, lotions, and pastes are applied topically,
unless otherwise indicated in the name
Clarification of rules for products administered vaginally (inserts) and rectally
(suppositories)
A system as a preparation of drug(s) in a carrier device that is applied topically
or inserted into a body cavity, from which drugs are released gradually over an
extended period of time, after which the carrier device is removed
Definitions applied for concentrates
A preparation
“General Nomenclature Forms” that outline the general approaches the Nomenclature,
Safety, and Labeling Expert Committee uses to establish monograph titles. This section
lists examples of existing monograph titles or approved drug product names that
illustrate the rules applied in creating these names. It should be noted that USP–NF has
numerous examples of the nomenclature established before the expert committee was
formed, and in some cases even before FDA established its processes for drug
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approvals. Details pertaining to some of these non-preferred terms are beyond the
scope of the chapter, but are included in the Nomenclature Guidelines document that
will be posted on the USP website.
The delayed implementation schedule for changes of the official monograph titles has
been removed from this chapter and will be included in the General Notices.
Nomenclature

1121

is consistent with the definitions in general information chapter

Pharmaceutical Dosage Forms
products is

1151 . The general convention used in the naming of drug

[DRUG] [ROUTE OF ADMINISTRATION] [DOSAGE FORM]
There are exceptions based on historical naming conventions. For example, drug dosage form
for an Injection is the physical form of the product in the container, usually a solution or a
suspension. However, all injectable products are named as Injections with further specific rules
that the route of administration “by injection” is further detailed by providing the injection
site/tissue/organ in the labeling rather than in the name.
Implementation, Education, and Communication of the Monograph Naming Policy
The Monograph Naming Advisory Group (Advisory Group) was formed to engage representatives
from FDA, healthcare practitioners, compounding organizations, and pharmaceutical
manufacturers to assist USP in implementing the Monograph Naming Policy for Salt Drug
Substances in Drug Products and Compounded Preparations (Monograph Naming Policy or
policy). The focus of the Advisory Group's work is to determine the elements of the
implementation of the policy, including communication and training to be addressed to ensure a
thorough understanding of the Monograph Naming Policy, which becomes official May 1, 2013.
For many years, USP's Nomenclature Expert Committees followed the USP “Salt Nomenclature
Policy” in establishing monograph titles for drug products. This policy directed that the specific
salt form be included in the product title only if the strength of the article is expressed in terms
of the salt and that the product name and strength should match. Although this approach led
to inconsistency in naming, USP recommended, as early as 1978, that both the name (title) and
the dose be expressed in terms of the active moiety.
In 2007, on the basis of stakeholder and FDA input, USP revisited the Salt Nomenclature Policy.
As a result, the Nomenclature Expert Committee strengthened its preference of the use of
active moiety to express the strength of the product and changed the name of the policy to
the Monograph Naming Policy for Salt Drug Substances in Drug Products and Compounded
Preparations. The Expert Committee also decided to include the policy in 1121 and to
broaden understanding of the policy among all parties who may be affected by it, including the
target audience. As with all proposed revisions to USP–NF, USP solicited comments on the
revisions to 1121 through the PF process.
The Nomenclature Expert Committee adopted the final policy in November 2007, which was
then published in 1121 in USP 31–NF 26, with a delayed official date of May 1, 2013. The
policy also is posted on the USP website. This new policy has a delayed official date in order to
allow USP time to inform stakeholders of the policy and provide manufacturers time to bring
their products into conformance with the new policy. This policy is intended to promote
consistent dosage form names beginning in 2013. Currently the policy is being applied in a goforward manner. In the application of the policy, the Expert Committee can apply it
retroactively and grant exceptions.
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The Advisory Group focused on the implementation, education, and communications about the
policy. The implementation and exceptions to the policy are posted in the Compendial
Nomenclature section of the USP website. Education and communication efforts will be ongoing
through May 2013, when the policy becomes official.
Nomenclature Guideline
The purpose of the Nomenclature Guideline is to provide supplemental information to the
general approaches outlined in Nomenclature 1121 . The Guideline will be posted on the USP
website. After general information about USP's drug naming activities, the Guideline provides an
alphabetical listing of the types of drugs by type of dosage form. A general description of the
dosage form is provided (which is derived from general information chapter Pharmaceutical
Dosage Forms 1151 ) followed by examples of drug names for the particular type of dosage
form. The Guideline is first organized by chemical drugs, then biologics, then dietary
supplements, and then excipients.
The document is designed for ease in revising and amending based on the comments received
through USP's public comment process. The guideline will also provide a venue for presenting
new and emerging nomenclature for dosage forms, products, formulations, and administration
routes. Progress in development of “designer” excipients where properties are determined by
degree of modification (including polymerization or degradation), additions, etc. will also be
addressed in collaboration with the USP Excipient Expert Committee.
In the field of dietary supplements, USP has an important role in establishing nomenclature as a
compromise of scientific definitions and names already widely used in the consumer market,
including multi-national influences. Overlap of nomenclature between dietary supplements and
prescription drugs, especially in modified-release dosage forms, will also be addressed.
It is anticipated that the Guideline will be posted in the Compendial Nomenclature section of the
USP website in early 2012, shortly after the publication of this issue of PF.
Compendial Nomenclature Section of the USP Website
This new section of the USP website is to provide USP–NF users notice of naming decisions by
the Nomenclature, Safety, and Labeling Expert Committee. Each month, the previous month's
naming decisions will be posted so that users may see the naming decisions in a timely manner.
The Nomenclature Guideline also will be posted in this location, as well as implementation
information for the Monograph Naming Policy for Salt Drug Substances in Drug Products and
Compounded Preparations.
CONCLUSION
USP's role in nomenclature is an important one, as outlined above. USP hopes that the
broadening of information about these activities will help users better understand them and
have access to information that has not been previously available.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Wavelengths of Calibration Standards for Near-infrared Diffuse Reflection Spectrometry
Peter R Griffiths,a Gary E Ritchie,b Guillermo A Casay,c Barbara J Jonesc,d
ABSTRACT This Stimuli article discusses the effect of resolution (spectral bandwidth) on the
measured wavelengths of the US Pharmacopeia (USP) Near Infrared (NIR) System Suitability
Reference Standard for NIR spectrometers operating in the diffuse reflection mode. This
standard is a mixture of Dy2 O3 , Er2 O3 , Ho2 O3 , and talc in an approximately 1:1:1:1 ratio and
supports Near-infrared Spectroscopy 1119 (1). In chapter 1119 , the wavelength
accuracy of NIR spectrometers is specified to be ± 1 nm from 700 to 2000 nm and ± 1.5 nm
from 2000 to 2500 nm. The wavelengths of maximum absorption ( max) of the radiation,
expressed in nanometers (nm) at resolutions of 2, 4, 5, and 10 nm, are given to an accuracy of
better than ± 0.2 nm. Values of max at intermediate resolutions between 5 nm and 10 nm can
be found by linear interpolation. The authors recommend continued use of the USP NIR
Reference Standard and provide a table with additional calibration peaks and resolution
information. We recommend use of the table with the standard's forthcoming replacement lot.
INTRODUCTION
In order for near-infrared (NIR) spectrometry to yield accurate results for determinations
performed by the application of multivariate statistical algorithms, the spectrum of the
instrument that is used for the measurement, either on a wavenumber or a wavelength scale,
must closely match the spectrum of the spectrometer used to acquire the spectra in the
calibration spectra. Similarly, the accuracy with which calibration data are transferred from
instrument to instrument may be limited because of differences in the wavelength scale of the
two instruments, thus precluding a broader use of NIR spectrometry.
At least two standards, one from the National Institute of Standards and Technology (NIST)
and one from USP, are available for NIR wavelength uncertainty determinations, but for reasons
that will be explained in this Stimuli article, the authors recommend the continued use of the
USP NIR System Suitability Reference Standard. This recommendation is based on (a) observed
wavelength shifts; (b) the difference in the number of resolved absorption bands caused by
differences in the resolution between grating and Fourier–transform (FT) NIR instruments; and
(c) the larger number of absorption bands in the USP standard, which provides a larger number
of choices. In addition, the current USP Certificate of Suitability for Lot F0G007 provides a
limited number of absorption maxima at high and low resolution. The certificate of suitability
that will accompany Lot G (replacement for lot F0G007) will contain the table of information
proposed in this article, providing additional peaks and resolution information to support

1119

and expanding the use of the USP standard.
Background
Several factors are known to have an effect on the accuracy of the wavelength scale of NIR
spectrometers, including:
the spectrometer resolution (sometimes called the spectral bandwidth, SBW), i.e., the
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optical resolution of the instrument
the shape of the instrument line shape (ILS) function of the spectrometer (often called
the spectral slit function for grating spectrometers)
the symmetry and extent of overlap of the bands in the spectrum of the wavelength
standard
the choice of the peak-picking algorithm used to assign peak maxima
vignetting of the beam by the diffuse reflection optics.
The resolution of many grating NIR spectrometers that are in use nowadays is approximately 10
nm. Because the absorption bands in the spectrum of many wavelength standards are quite
closely spaced and have a full width at half height (FWHH) that is on the order of 10 nm,
neighboring bands may overlap and merge into one another when measured at this (or worse)
resolution, leading to shifts in the wavelength of maximum absorption,

max.

Therefore, the

measured value of max for each band measured on such instruments can depend strongly on
the resolution of the spectrometer.
To a lesser but still important extent, wavelength shifts also depend on the shape of the ILS
function of the spectrometer. In any spectroscopic measurement, the true spectrum is
convolved with the ILS function. Because the ILS function of most NIR spectrometers is
symmetrical, the value of max should not be affected by resolution if the analytical band itself
is symmetrical and is isolated from neighboring bands. However, band asymmetry leads to a
shift in the measured value of

max

as the resolution is changed. For an asymmetrical band with

the long-wavelength side broader than the short-wavelength side, the measured value of max
will shift to a longer wavelength as the SBW of the instrument is increased and vice versa. The
greater the band asymmetry, the greater will be the shift of the analytical band as the
resolution is degraded. Similarly, if a weaker neighboring band that is closely separated from the
analytical band is located to longer wavelength, the value of max will shift to a longer
wavelength as the resolution is degraded and the bands begin to become unresolved.
The ILS function of a grating spectrometer is approximately triangular, with the FWHH being
determined by the focal length of the optics and the width of the entrance and exit slits
(among a few other parameters). The triangular shape results from the effect of convolving
two rectangular slits of equal width (the entrance and exit slits of the monochromator) (2). The
FWHH of a triangular function often is referred to as the resolution or spectral slit width, D .
For many commercial NIR grating spectrometers, D is between 5 and 10 nm. Note that when
we use the term resolution in this paper, we are always referring to the optical resolution of
the instrument being used for the measurement and not the spacing of the data points. (The
data spacing of many NIR grating spectrometers with an optical resolution of 10 nm often is 2
nm.)
The ILS function of a diode-array spectrometer, or polychromator, is less easily defined
because each pixel of the detector array acts as the exit slit. If the width of a pixel is much
different from that of the entrance slit, the ILS function will be trapezoidal. If the exit slit is
wide and the pixels are very narrow, the ILS function will be approximately rectangular. Thus
even though the entrance slit width of a scanning monochromator and a diode-array
spectrometer may be the same, the shape of the ILS functions of these instruments is
different. Hence, the values of

max

for either asymmetrical or unresolved bands will be slightly

PF 38(1): Jan.-Feb. 2012

250

different when measured at low resolution on scanning grating monochromators or
polychromators even though the nominal resolution at which the spectrum is measured is the
same. We will not address the wavelength accuracy of diode-array spectrometers in this paper.
However, we may address this topic in the future.
The FWHH of the ILS function for spectra measured on FT–NIR spectrometers depends primarily
on the maximum optical path difference (OPD) for the interferogram, and the shape of the ILS
function is determined largely by the FT of the apodization function by which the interferogram
is multiplied (3). Unfortunately, neither users of FT–NIR spectrometers nor instrument
manufacturers have decided on a default apodization function: different manufacturers
variously recommend the triangular, Norton–Beer medium, Happ–Genzel, raised cosine, and
Blackman–Harris functions. Thus the measured values of max for either asymmetrical or
unresolved bands measured with a given OPD will be slightly different, and analysts will observe
a shift in max that creates a wavelength uncertainty between results. Clearly a wavelength
standard is needed to show that the wavelength scale of the instrument is accurate and that
the instrument is performing to its specifications.
For these reasons, the USP Near-infrared Spectroscopy 1119 recommended that for
characterizing NIR instrument performance for wavelength uncertainty, “comparisons of spectra
taken over time from identical and stable samples or reference standard materials can form the
basis for evaluating the long-term stability of an NIR measurement system.” The chapter
further states that “the objective is to demonstrate that no abnormal wavelength shift or
change in detector sensitivity has occurred during ongoing analysis.” Also, it specified for most
NIR measurements that the wavelength of bands at maximum absorbance should be accurate
to ± 1 nm from 700 to 2000 nm and ± 1.5 nm from 2000 to 2500 nm (4).
In order for NIR instrument users to demonstrate that the instrument's wavelength accuracy is
maintained from the time that the instrument is calibrated until the expiration of the calibration
period, an accurate standard should be available to facilitate regular checks of the wavelength
scale of NIR spectrometers. Because many NIR measurements of pharmaceutical materials are
made by diffuse reflection (DR) spectrometry, a well-characterized diffusely reflecting reference
material with strong absorption bands at fairly closely spaced wavelength intervals should
provide the necessary information to ensure accuracy. The material used as a calibration
wavelength must be stable under the conditions at which the instrument is used.
The first successful NIR wavelength standard was a mixture of three rare earth oxides (REOs),
Dy2 O3 , Er2 O3 , and Ho2 O3 in a 1:1:1 ratio. Originally it was available as a standard reference
material (SRM) from NIST as SRM 1920a (5), but NIST stopped providing it in 2005. Although
this mixture has absorption bands over much of the NIR spectrum, some short gaps were
subsequently filled by the addition of talc to the REO mixture. Nowadays, reference materials
composed of a 1:1:1:1 mixture of the three REOs and talc are available from several sources
for the wavelength calibration of NIR spectrometers (6–8).
By measuring the spectrum of this standard, users of NIR spectrometers are able to obtain a
spectrometer profile that allows the precision of the wavelength scale to be monitored over
time. If wavelength variations relative to previous measurements indicate that the instrument is
out of specification, then incorrect concentrations can be predicted. To fulfill the USP
specification that wavelengths should be accurate to ± 1 nm, the wavelengths ( max) that are
used for calibration or wavelength uncertainty ideally should be known to an accuracy of better
than 1 nm, and preferably ± 0.1 nm. However, because the effect of the instrument resolution
and the shape of the ILS function can cause wavelength shifts of greater than 1 nm, it is
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rather disingenuous to require that the wavelength scale of a low-resolution NIR spectrometer
should be accurate to ± 1 nm when the uncertainty of measurements of
this value.

max

is greater than

PREVIOUS MEASUREMENTS
The release of the USP Near-IR System Suitability Reference Standard in 2007 followed the
work at NIST that provided a list of

max

values measured with an FT–NIR spectrometer with a

resolution of 1 cm 1 (data spacing = 0.5 cm 1) (8). To be useful for spectrometers operating
at both high and low resolution, the USP standard focused on 8 bands that provided the most
consistent results. The values of max for the bands given in the USP Certificate of Suitability
are divided into two columns, one for high resolution (SBW of no more than 5 nm) and the other
for low resolution (SBW of 5 nm or greater) as shown in Table 1.
Table 1. Values of

Constituent
Dy2 O3
Dy2 O3
Er2 O3
Dy2 O3
Dy2 O3
Ho2 O3
Ho2 O3
Talc

max recommended

in the USP Lot F0G007 Certificate of Suitability
(Dy 2O3:Er2O3:Ho2O3:talc; 1:1:1:1) (8)
USP
SBW No More
SBW 5 nm
Difference between
Tolerance
Than 5 nm
or Greater
Columns 1 and 2
± nm
1065.4
1066.3
0.9
1.0
1261.1
1261.8
0.7
1.0
1536.2
1534.4
1.8
1.0
1612.2
1612.2
0.0
1.0
1682.7
1681.4
1.3
1.0
1847.6
1847.3
0.3
1.0
1931.9
1935.5
3.6
1.0
2391.8
2391.8
0.0
1.5

In the previous version of 1119 , the user picked three absorption bands from the eight
bands provided in the certificate in order to meet the chapter's requirements. A few of these
values of max are reasonably independent of resolution. However, several of the wavelengths
shown in Table 1 are strongly affected by the spectrometer's resolution and, to a lesser extent,
by its ILS function. For instance, the band in the spectrum of Er2 O3 that showed the most
inconsistency between instruments was at about 1535 nm. Two values of max are listed, one
for high-resolution measurements (1536.2 nm) and the other (1534.4 nm) for bandwidths of 5
nm or greater. This specification could be taken to mean that if measurements are made with
an instrument bandwidth of 4.9 nm, then the value of max that would be used is 1.8 nm
different if the instrument had a bandwidth of 5.1 nm, which clearly is inconsistent with the USP
specification that the wavelength scale should be accurate to ± 1 nm. In practice, the values
of max for many of the bands in the spectrum of the Dy2 O3 :Er2 O3 :Ho2 O3 :talc standard vary
gradually as the resolution is changed, as shown in Figure 1 (9). The wavelength error varies
very slowly with resolution for many bands until the resolution reaches the point at which a
neighboring band begins to merge with the analytical band. Several of the plots terminate at a
certain resolution, which occurs when the band is no longer resolved from its nearest neighbor.
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Figure 1. Variation of the wavenumber of maximum absorption, max, with resolution for 36
bands in the spectrum of a Dy2 O3 :Er2 O3 :Ho2 O3 :talc mixture acquired on 12 FT–NIR
spectrometers. The number given in each panel is the wavenumber of the band under
investigation. The dashed lines correspond to resolutions of 2 and 10 nm. Differences between
the values of max at low resolution probably are caused by differences in the default
apodization function for each instrument. [Reproduced with permission from reference (9), NIR
Publications, 2003].
For the release of Lot F0G007, the major tasks were to fill the void created by the lack of a
standard for NIR instruments following NIST's withdrawing SRM 1920a from the market and to
accommodate the manufacturers of NIR spectrometers with a standard that would fit all
models. In preparation for the release of Lot G (a replacement for Lot F0G007) and revision of
1119 , USP is revisiting the chapter's requirements and specifications. Because most NIR
spectrometers installed in pharmaceutical laboratories operate at different resolutions,
manufacturers may be expected to issue a table of the appropriate values of max for the
Dy2 O3 :Er2 O3 :Ho2 O3 :talc mixture for each instrument that they deliver.
One way of reducing the effects of resolution and ILS function is to select a standard with
fewer and more widely spaced bands than SRM 1920a or its mixture with talc. To this end,
NIST replaced SRM 1920a with a standard (SRM 2036) that contains 3.0% mole fraction Ho2 O3 ,
1.3% mole fraction Sm2 O3 , 0.68% mole fraction Yb2 O3 , and 0.47% mole fraction Nd2 O3 in a
zirconia-stabilized borate glass containing La2 O3 (10). The spectrum of SRM 2036 has only 7
relatively broad bands for which accurate values of max are available (at about 1946, 1470,
1367, 1223, 1152, 1076, and 976 nm). However, only one of these bands has a wavelength
longer than 1500 nm, and two are located at wavelengths shorter than 1100 nm. This standard
therefore is not particularly useful for conventional NIR grating spectrometers that measure
from 1100 to 2500 nm. The fact that the DR spectra of calibration standards based on
Dy2 O3 :Er2 O3 :Ho2 O3 :talc mixtures have so many more bands in this region than SRM 2036
makes them potentially more useful than the current NIST SRM for the wavelength calibration
of many grating NIR spectrometers. However, because the spectrum of the mixture of Dy2 O3 ,
Er2 O3 , Ho2 O3 , and talc has so many more potentially resolvable bands than SRM 2036, the
measured values of max are far more susceptible to small changes as the spectral resolution or
ILS function is changed.
When spectra are measured at high resolution, i.e., a resolution in which the FWHH of the ILS
function is significantly less than the FWHH,

, of narrow absorption bands, the spectrum
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should be approximately independent of the instrument used. Consequently most highresolution measurements of the Dy2 O3 :Er2 O3 :Ho2 O3 :talc standard have been made using FT–
NIR spectrometers at a resolution of 1 cm 1 (which corresponds to D

=

0.2 nm at 1500

nm). When the FWHH of the ILS function is approximately equal to or greater than

, the

measured values of max vary with both the width and the shape of the ILS function unless the
band is completely symmetrical and isolated from neighboring bands. Thus peak wavelength
values obtained from FT–NIR spectra that were measured at high resolution are rarely
appropriate for measurements made with scanning grating monochromators for which the FWHH
of the ILS function usually is at least 10 times wider than 0.2 nm. The reason is that the shape
of the ILS function is different from that of FT–NIR spectrometers. In addition, the abscissa is
linear in wavelength as opposed to wavenumber.
FT–NIR Spectrometers
Several groups have made round-robin measurements of the wavelengths of the maxima of the
DR spectrum of the System Suitability Reference Standard that is based on a 1:1:1:1 mixture
of Dy2 O3 , Er2 O3 , Ho2 O3 , and talc, at a resolution of 1 cm 1. Isaksson et al. fitted the most
intense region of each band to a fourth-order polynomial and by calibrating the wavenumber
scale using lines in the spectrum of atmospheric water vapor (vide infra) reported the
wavenumber of the maximum of each band to 0.01 cm 1 (11). Ritchie et al. measured the
spectra at lower resolution (8 cm 1) and used the center-of-gravity software on each
instrument to estimate the peak position of each band. They reported the results of their study
in wavelengths to the nearest 0.1 nm (12). After converting the values of

max

to

max

and

ignoring three bands at the extremes of the spectral range that was covered ( max at
approximately 1013, 1066, and 2467 nm), the wavelengths of the bands reported by Isaksson
et al. and Ritchie et al. agreed within 0.2 nm. From these results, one can conclude that the
wavelengths of the Dy2 O3 :Er2 O3 :Ho2 O3 :talc standard can be measured very accurately with an
FT–NIR spectrometer, even at relatively low resolution. However, Figure 1 shows that at
resolutions lower than 8 cm 1, the values of max and hence of max begin to vary rapidly.
Recently, further measurements of FT–NIR spectra of the USP System Suitability Reference
Standard were made in USP laboratories (13), and the values of max were compared to those
of Isaksson et al. (11). With a few exceptions (see below), the average difference in values of
max

measured by Ritchie et al. and those reported by Isaksson et al. was 0.20 cm 1 (or

about 0.08 nm at 1500 nm). The standard deviation of the difference values was 0.09 cm 1,
i.e., less than the average difference. Although these differences are well within the tolerance
required to meet the wavelength accuracy requirement of ± 1, the fact that there was a
consistent error of about 0.2 cm 1 between these measurements and the ones reported by
Isaksson et al. suggests that the wavenumber scale of even FT–NIR spectrometers can vary by
a greater amount than the usual instrument specification for wavenumber precision of ± 0.01
cm 1. The small shift between these two instruments probably is caused by the effect of
vignetting (14).
Any error in the wavenumber scale of FT spectrometers is to a good approximation linearly
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proportional to wavenumber (14). This property implies that, provided that the wavenumber of
one spectral feature is known to high accuracy, the entire wavenumber scale of an FT–NIR
spectrometer can be set simply by adjusting the wavenumber of the reference laser in the
instrument's software. The NIR spectrum of water vapor at low pressure (so that the lines are
broadened only by Doppler broadening and collision broadening is minimal) was measured by
Toth, who reported the wavenumbers of 3768 lines in the vibration–rotation spectrum of water
between 5750 and 7990 cm 1 (1740–1250 nm) measured at very high resolution (15). Of
these, only four reasonably strong lines matched the criterion requiring the absence of any
other line of high or medium intensity within 1 cm 1 of their maxima. In fact there was only one
line (at 7306.7518 cm 1) for which there was no strong neighboring line within 2 cm 1 of its
maximum (11). This line was used to set the wavenumber scale of the FT–NIR spectrometers
used in the round-robin study reported by Isaksson et al. (11).
Isaksson et al. used the 7306.7518 cm 1 line to adjust the wavenumber scale of each of the
spectrometers used in their study by calculating the ratio of single-beam spectra measured first
with the door to the sample compartment open (so that the concentration of atmospheric
water vapor was high) and then with the door closed after waiting for several minutes (so that
the water vapor concentration was low) (11). The ratio of these spectra allowed the spectrum
of water vapor to be obtained with a flat baseline. All the atmospheric water spectra in the
study of Isaksson et al. were measured with the DR accessory installed and a ceramic or
Spectralon reference in place, thereby minimizing the effect of vignetting. The wavenumber of
the water line near 7306.7 cm 1 was measured, and the wavenumber for the reference laser in
the spectrometer's software was adjusted so that the measured value for this line was equal to
7306.737 cm 1.
Surprisingly, the average difference between the wavelengths of the bands reported in the
NIST Certificate of Analysis for SRM 1920a (5) and the values of max for the bands reported
by both Isaksson et al. (11) and Ritchie et al. (12) for the Dy2 O3 :Er2 O3 :Ho2 O3 :talc standard
was 0.5 nm, and the largest difference was greater than 1 nm (1 nm
5 cm 1 at 1500 nm).
It is difficult to justify the specification for wavelength accuracy as ± 1 nm when the betweensource uncertainty of the bands measured at high resolution is as great as this.
Scanning Monochromators
Wavelength calibration of NIR grating spectrometers is more difficult than for FT–NIR
spectrometers because the former typically measure spectra at a resolution between 2 and 10
nm (approximately 9 cm 1 and 45 cm 1 at 1500 nm, respectively.) Thus measurements made
with SBW of 10 nm on a grating spectrometer are made at lower resolution than the “lowest
resolution” measurement (approximately 8 cm 1) from an FT–NIR spectrometer. As a result,
most measurements of max of bands of the Dy2 O3 :Er2 O3 :Ho2 O3 :talc standard that are made
on scanning grating spectrometers differ notably from the values that were measured at higher
resolution on an FT–NIR spectrometer.
Unlike the scale for FT–NIR spectrometers, the wavelength scale of low-resolution NIR grating
spectrometers cannot be made much more accurate than 1 nm using the 7306.737 cm 1 water
line as described above because there are no neighboring lines in the water spectrum that are
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separated by less than 1 nm. One way of finding accurate values of max for instruments with a
triangular ILS was reported by Yang et al., (9) who measured the spectrum of an
Dy2 O3 :Er2 O3 :Ho2 O3 :talc standard on an FT–NIR spectrometer at 1 cm 1 resolution and then
convolved this spectrum with triangular ILS functions with FWHH of 2, 3, 4, 5, and 10 nm (16).
Because most grating NIR spectrometers operate at a resolution of 10 nm or better, analysts
should select bands for which the slope is as small as possible out to the second vertical line in
each panel in Figure 1. None of these plots indicates that the value of max for any of the
bands varies by less than 1 nm for SBWs between 0 and 10 nm. However, there are clearly
several bands for which the variation of max with resolution is small enough that the bands
can be useful. Because all these spectra were measured on instruments that were calibrated
using the appropriate lines in the spectrum of atmospheric water vapor, their wavenumber scale
was known to be accurate to better than ± 0.01 cm 1. Even when the resolution was
degraded by truncating the interferograms, the wavenumber accuracy was not diminished.
Because the truncated interferograms were zero-filled to the same number of points that were
recorded for the original interferogram, the data spacing was independent of the resolution.
Thus the value of the wavenumber corresponding to the maximum absorption of each band at a
given resolution, max, was still as good as it was for the high-resolution spectrum.
The results showed that the average difference, d, between the N wavelengths reported by
NIST and those reported by Yang et al. (16) was consistently low by about 0.6 nm (see Table
2). The standard deviation of the values, , also is shown in this table. Several points should
be noted: The number of bands examined, N, increases with the SBW because many of the
bands tend to merge when the resolution is degraded. The NIST wavelengths are given to only
one decimal place, but the wavelengths reported by Yang et al. are given to (and are known to
be accurate to) two decimal places. Thus the d values are given to two decimal places in Table
2. For none of the bands was the wavelength reported by NIST greater than the corresponding
value of max reported by Yang et al. The values of are consistently less than the
corresponding values of d and do not vary with SBW. Thus good confidence may be placed in
the conclusion that the values of
by about 0.6 nm.

max

reported in the NIST Certificate of Analysis are in error

Table 2. The average difference, d, between the values of max calculated by Yang et al.
by convolving a well-calibrated, high-resolution spectrum of the Dy 2O3:Er2O3:Ho2O3:talc
mixture with a triangular ILS function with an SBW of 10 nm with the values reported by
NIST in the certificate of analysis for SRM 1920a; is the standard deviation of the
wavelength difference for each of the N bands.
SBW = 2 nm
SBW = 3 nm
SBW = 4 nm
SBW = 5 nm
SBW = 10 nm
d
0.65 nm
0.63 nm
0.61 nm
0.56 nm
0.68 nm
0.25 nm
0.23 nm
0.19 nm
0.19 nm
0.45 nm
N

29

29

27

19

5

The values of max reported by NIST for SRM 1920a measured with spectral bandwidths of 2, 3,
4, and 5 nm vary only slightly. Of the 16 bands between 1100 and 1900 nm that could be
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measured at all four SBWs, the maximum variation of max was only 0.7 nm, and most bands
showed variations of less than 0.4 nm with SBW. For the three bands at wavelengths longer
than 1900 nm, two showed variations of more than 1.3 nm.
When the SBW was increased from 5 to 10 nm the situation changed notably. Of the 28 bands
between 1100 and 2500 nm that could be resolved when the spectrum was measured at high
resolution,

max

values for only 11 bands could be reported for an SBW of 10 nm, and several

of these showed a change in max of approximately 1 nm or more when analysts changed from
an SBW of 5 to 10 nm. For only a few bands in the spectrum of SRM 1920a reported by NIST
did the value of max vary by less than 1 nm. Similar behavior can be seen in the results
reported by Yang et al. that are shown in Figure 1.
Besides measuring the spectrum of the Dy2 O3 :Er2 O3 :Ho2 O3 :talc standard on an FT–NIR
spectrometer, Ritchie et al. also measured the spectrum on scanning grating spectrometers at
resolutions of 0.5 and 2 nm and reported the

max

values for 26 bands in this spectrum (12).

Even for the spectrum that was measured at a resolution of 0.5 nm (D = 1.25 cm 1 at 2000
nm and 0.5 cm1 at 1000 nm), there was considerable discrepancy between the reported
wavelengths and those measured on an FT–NIR spectrometer. For example, for bands between
1570 and 1900 nm, the average difference between the values of max was 2.8 nm. This value
was measured on a grating spectrometer operating with a certain SBW. The spectrum was
calculated by convolving a wavelength-calibrated, high-resolution FT–NIR spectrum with a
triangular ILS function with the appropriate FWHH (see below). The effect of the difference in
resolution between the measurements made on FT–NIR and grating spectrometers is not large
enough to explain this discrepancy.
These differences are surprising because most spectrometer manufacturers go to great lengths
to ensure the wavelength accuracy of their instruments. For example, round-robin
measurements are carried out with a number of similar spectrometers made by one
manufacturer. The native wavelength response of multiple wavelength standards is determined
on each instrument, and then one instrument that displays the best fit at all data points in the
appropriate spectral range is selected as the master instrument (16).
The wavelengths are not adjusted on this master instrument. On all other instruments, the
NIST wavelength standard is used to adjust the wavelength scale at multiple points using a
polynomial fit, and usually the adjustment is small. Provided that the wavelength scale of all
instruments is calibrated in the same manner, the wavelengths are consistent from instrument
to instrument, which is the key to good model transfer between similar instruments. However,
any error in the wavelengths reported by NIST will be replicated in other spectrometers that
use these values. In other words, the success of the calibration depends on the accuracy of
the wavelengths reported for the NIST SRM 1920a. Even when using the most accurate
standards, analysts will find that values of
from batch to batch.

max

may vary by several tenths of a nanometer

In their Certificate of Analysis for SRM 1920a, NIST gave values of max for SBWs of 2, 3, 4, 5,
and 10 nm (5). For the Er2 O3 band at approximately 1535 nm considered above, these values
are 1535.5, 1535.6, 1535.6, 1535.4, and 1534.6 nm. i.e., the band is remarkably constant for
measurements taken with an SBW of 5 nm or less, but max changes by 1 nm when the SBW is
increased from 5 to 10 nm. In addition, there is a difference of 1 nm between the NIST and USP
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values of max for measurements taken with an SBW 5 nm. This poses the question of which
of these values should be used because the criterion is that the wavelength scale of an NIR
spectrometer must be accurate to ± 1 nm. In addition, the values of max for this band
reported by Ritchie et al. (12) were 1533.0 nm for measurements made with a SBW of 0.5 nm
and 1534.0 nm for measurements made with a SBW of 2 nm. Both of these values are at odds
with the value of 1536.2 nm given by USP (see Table 1). The spread of all these values is on
the order of 3 nm, which questions the feasibility of any instrument's achieving the USP
tolerance specification of ± 1 nm.
Some (but not all) of the difference may be caused by differences in the peak-picking algorithm
that was used. For example, NIST used the center-of-gravity algorithm (17), which does not
give the actual value of

max

for asymmetrical peaks. Conversely, Isaksson et al. fit the more

intense points of each band to a quartic function and thereby obtained a value for
was considerably closer to a theoretical value (11).
The values of

max

max

that

for the Dy2 O3 :Er2 O3 :Ho2 O3 :talc standard may be affected by temperature.

Isaksson et al. showed that, for temperatures between 7 C and 60 C, the maximum of most
bands varies by less than 2 cm 1 and that several bands varied by less than 1 cm 1. Those
bands are shown in bold in Table 3. Choquette et al. (18) investigated the effects of
temperature on a glass that was fabricated from Ho2 O3 , Sm2 O3 , Yb2 O3 , and Nd2 O3 and that
was used for transmission spectrometry (19). They found that the wavenumber of maximum
absorption,

max,

for certain bands varied more strongly than others. In particular, the

variations between 0 C and 50 C ranged from + 4 to 4 cm 1, i.e., less than 0.1 cm 1/ C.
Thus any error introduced because of temperature variations probably was negligible.
RECOMMENDATION
From this discussion, the simple approach of giving the values of max for a few bands with an
FWHH of either less than or greater than 5 nm, as shown in Table 1, clearly does not provide
sufficient information and does not allow the USP wavelength accuracy specification to be met
by some low-resolution NIR spectrometers. The absorption bands in the spectrum of mixtures of
Dy2 O3 , Er2 O3 , and Ho2 O3 (whether or not talc is included) are so closely spaced that they tend
to merge into each other as the resolution is degraded beyond 5 nm. However, it is the only
material available with a spectrum that contains an adequate number of bands for calibrating
the wavelength of NIR spectrometers operating in the range from 1100 nm to 2500 nm. The
bands in the NIR spectrum of NIST SRM 2036, which is fabricated from a mixture of Sm2 O3 ,
Yb2 O3 , and Nd2 O3 , are more widely spaced, but there are too few bands in the region between
1100 and 2500 nm to allow accurate wavelength calibration across the entire spectrum of
instruments operating at low resolution in this region. Therefore, we recommend continued use
of the USP Near-IR System Suitability standard to support 1119 wavelength uncertainty
specifications, with the inclusion of a new Certificate of Suitability table with additional peaks
and resolution information. This table will be introduced with the release of replacement Lot G
and will supersede the current table provided with Lot F0G007.
The new Certificate of Suitability will include:
a. A table with as many as 36 values of max for absorption bands ranging from 900 nm to
2500 nm that will provide better flexibility across the entire spectral range
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b. Columns with 2-, 4-, 5-, and 10-nm resolution (intermediate resolutions between 5 nm
and 10 nm can be obtained by linear interpolation). This will provide better guidance for
users of high-resolution instruments
c. A larger number of values of max. This will allow a better choice of peak identification,
which will benefit high-resolution instruments.
The most accurate values of max measured at resolutions of 5 nm and worse that have been
reported to date are those for the Dy2 O3 :Er2 O3 :Ho2 O3 :talc standard reported by Yang et al.
(19), who convolved a high-resolution FT–NIR spectrum of the Dy2 O3 :Er2 O3 :Ho2 O3 :talc
standard with a triangular ILS function typical of grating monochromators. The standard
deviation for most of these bands in the high-resolution spectrum is less than 0.05 nm. In Table
3, we list this study's values of max to one decimal place. The accuracy of the listed
wavelengths is better than ± 0.2 nm. This level of precision is adequate for ensuring that the
wavelength scale of instruments operating at 2, 3, 4, 5, or 10 nm can be set exactly, although
the values of

max

do not vary significantly as the resolution is varied between 2 and 5 nm.

The values of max for any resolution between 5 and 10 nm can be found to acceptable
accuracy by a linear interpolation between the values listed for resolutions of 5 nm and 10 nm.
Some of the bands listed in Table 3 are quite weak and may not be suitable for low-resolution
measurements. In addition, it is not the intention that the analyst should match all of the
bands given on Table 3. The bands that we deem to be the most reliable are shown in bold in
Table 3.
Lastly, analysts should note that general chapter 1119 states, “The instrument qualification
tests and acceptance criteria provided in this chapter may not be appropriate for all instrument
configurations. In such cases, alternative instrument qualification and performance checks
should be scientifically justified and documented.”
Table 3. Peak positions obtained from baseline-corrected spectra of a
Dy 2O3:Er2O3:Ho2O3:talc mixture by multiplying the FT of the spectrum acquired at high
resolution by appropriate sinc2 functions and calculating the inverse transform to
obtain spectra with a constant wavelength resolution. Bands that show the lowest
variation in

max as

the resolution is changed are shown in bold.
Peak Position
= 2 nm D = 4 nm D = 5 nm D = 10 nm

Peak # D
1
981.9
2
1013.8
3
1065.4
4
1096.8
5
1132.5
6
1148.6
7
1192.8
8
1230.1
9
1261.1
10
1321.3

981.8
1013.8
1065.5
1096.5
1132.4
1148.5
1192.9
1230.2
1261.2
1321.3

981.9
—
1065.2
1097.0
1132.7
1148.8
1192.8
1230.1
1261.0
1321.3

—
—
1066.3
1097.0
—
—
1192.9
—
1262.0
1321.2
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11
12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36

1391.7
1456.4
1462.7
1471.9
1478.9
1495.3
1504.3
1516.4
1536.2
1547.4
1555.9
1578.5
1612.2
1643.7
1682.7
1758.2
1847.6
1874.4
1886.1
1931.9
1971.2
2005.3
2290.0
2313.1
2392.3
2467.6

1391.7
1456.3
1462.9
—
1479.0
1495.4
1504.2
1516.6
1536.3
—
1555.9
1578.8
1612.3
1643.8
1682.7
1758.2
1847.6
1874.5
1885.8
1931.7
1971.2
2005.1
2290.1
2313.3
2391.8
2468.3

1391.7
—
—
—
1478.9
1495.2
—
1516.3
1536.2
—
—
1578.3
1612.2
1643.7
1682.7
1758.2
1847.6
1874.2
1886.3
1932.2
1971.2
2005.4
2289.9
2313.0
2392.9
—

1392.3
—
—
—
—
—
—
—
1534.4
—
—
—
1612.2
1642.9
1682.4
1758.1
1847.3
1874.3
1887.7
1936.8
1971.5
2006.4
2288.9
2312.5
2392.8
—
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This section presents an overview of the public review and comment process, conducted through
Pharmacopeial Forum (PF), for the development of official standards in the United States
Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
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Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee, the
official standard is published in the next available USP–NF or Supplement. If comments
received are significant, or if the Expert Committee's consideration of comments results in
significant additional changes, the Expert Committee may determine that republishing in PF
is necessary prior to the revision becoming official. See the In-Process Revision section for
current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on Accelerated
Revisions (available on the USP Web site). Interim Revision Announcements (IRAs) allow
for a revision to become official prior to the next USP–NF or Supplement. IRAs are first
presented for a 90-day public comment period in the Proposed Interim Revision
Announcement section of the PF. Note that final IRAs, as well as Errata, and Revision
Bulletins, which also are defined in the Accelerated Revision Guideline, appear only on the
USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the USP
website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to standards
development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each section
is provided at the beginning of that section. A general description of the types and amount of
information expected in a Request for Revision is available in the Guideline for Submitting Requests
for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Section

Proposed and Adopted Revisions to the USP–NF
Content
How Readers Can Respond
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Proposals for Interim Revision
Announcements (IRAs) that
will be published as official
USP or NF standards
BRIEFING: Scientific rationale
for proposed changes. May
include other information
useful to the analyst, such as
the brand name of the
column used in developing
the proposed procedure and
the USP Expert Committee
and Scientific Liaisons who
handled the monograph or
general chapter.
Proposals for standards that
will be published as official in
a future USP–NF book or
Supplement.
BRIEFING: Scientific rationale
for proposed changes. May
include other information
useful to the analyst, such as
the brand name of the
column used in developing
the proposed procedure and
the USP Expert Committee
and USP Scientific Liaisons
who handle the monograph or
general chapter.
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Review material and send comments within 90
days of the PF publication in which the standard
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
Proposed IRA

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not identified,
use the general USP telephone number 301-8810666 or fax number 301-998-6839 or
stdsmonographs@usp.org.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which comprises
the European Pharmacopoeia,
the Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are published
in the forum of each
pharmacopeia for public
comment. The draft is
published in its entirety.
BRIEFING: Scientific rationale
for the potential inclusion or
change or for the proposed
change.

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards (http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the development
of USP compendial standards (http://www.usp.org/USPNF/devProcess/contactScientists.html)
Proposed Interim Revision Announcements
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This section includes proposals for Interim Revision Announcements (IRAs) that will be published
as official USP or NF standards. There is a 90-day comment period for these proposals (see
http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers should
review material in this section and provide comments to the Scientific Liaison using the contact
information appearing at the end of each proposed IRA. Information on how to comment can be
found under the “Participation” section of www.usp.org. It is important to send comments
promptly so that the Expert Committee members can consider reader’s input as they are deciding
whether to advance standards to official status. The approved official text will be published under
IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown in
the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all revisions,
the closing symbol is accompanied by an identifier that indicates the date the proposal, if
approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Benzalkonium Chloride, NF 30 page 1708. On the basis of data and comments received, it is
proposed to revise the monograph as follows:
1.
In the test for Acidity or Alkalinity, revise the Acceptance criteria to reflect the pH range
representative of the pharmaceutical grade excipients available on the market.
2.
In the test for Total Alkylbenzyldimethylammonium Chlorides in the Assay, provide
additional clarification of the titration step for endpoint determination.
The comment period for this revision ends May 31, 2012. In the absence of significant adverse
comments, it is proposed to implement this revision via an Interim Revision Announcement to
USP 35–NF 30, with an official date of September 1, 2012.
(EXC: H. Wang.)
Correspondence Number—C111446

Comment deadline: May 31, 2012
Benzalkonium Chloride
Ammonium, alkyldimethyl(phenylmethyl)-, chloride;
Alkylbenzyldimethylammonium chloride
[8001-54-5].
DEFINITION
Benzalkonium Chloride is a mixture of alkylbenzyldimethylammonium chlorides of the general
formula:
[C6 H5 CH2 N(CH3 )2 R]Cl
in which R represents a mixture of alkyls, including all or some of the group beginning with n-C8 H17
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and extending through higher homologs, with n-C12 H25 , n-C14 H29 , and n-C16 H33 composing the
major portion. On the anhydrous basis, the content of the n-C12 H25 homolog is NLT 40.0%, and
the content of the n-C14 H29 homolog is NLT 20.0% of the total alkylbenzyldimethylammonium
chloride content. The amount of the n-C12 H25 and n-C14 H29 homolog components together is NLT
70.0% of the total alkylbenzyldimethylammonium chloride content. The total
alkylbenzyldimethylammonium chloride content, calculated on the anhydrous basis, with allowance
made for the amount of residue on ignition, is NLT 97.0% and NMT 103.0% of
[C6 H5 CH2 N(CH3 )2 R]Cl.
IDENTIFICATION
• A.
Analysis: To 2 mL of a solution (1 in 100) add 1 mL of 2 N nitric acid.
Acceptance criteria: A white precipitate is formed, and is dissolved after adding 5 mL of
alcohol.
• B.
Analysis: Dissolve 200 mg in 1 mL of sulfuric acid, add 100 mg of sodium nitrate, and heat on
a steam bath for 5 min. Cool, dilute with water to 10 mL, add 500 mg of zinc dust, and warm
for 5 min on a steam bath. To 2 mL of the clear supernatant, add 1 mL of sodium nitrite
solution (1 in 20), cool in ice water, and then add 3 mL of a solution of 500 mg of 2-naphthol
in 10 mL of 6 N ammonium hydroxide.
Acceptance criteria: An orange-red color is produced.
• C. Identification Tests—General, Chloride 191 : The solution in a mixture of equal volumes
of water and alcohol meets the requirements.
• D. The retention times of the major peaks for benzalkonium chloride of the Sample solution
correspond to those of the Standard solution, as obtained in the test for Ratio of Alkyl
Components.
ASSAY
• Ratio of Alkyl Components
Solution A: Adjust a 0.1 M solution of sodium acetate with glacial acetic acid to a pH of 5.0.
Mobile phase: Acetonitrile and Solution A (9:11). Acetonitrile and Solution A may be adjusted
from (2:3) to (3:2) to meet system suitability requirements.
Standard solution: 4 mg/mL of Benzalkonium Chloride from USP Benzalkonium Chloride RS and
water
Sample solution: 4 mg/mL of Benzalkonium Chloride
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L10, or 4.6-mm × 25-cm; 10-µm packing L10
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—See Table 1. Relative retention times are provided for information only, and the
Standard should be used to ensure appropriate peak identification. ]
Table 1
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Table 1
Relative
Retention
Name
Time
C10
C12
C14
C16

homolog
homolog
homolog
homolog

11

0.9
1.0
1.3
1.7

Suitability requirements
Resolution: NLT 1.5 between the C12 and C14 homologs
Relative standard deviation: NMT 2.0% for the C12 homolog
Analysis
Samples: Standard solution and Sample solution
Identify the homolog peaks by comparison of the retention times of the Sample solution with
those of the Standard solution.
Calculate the percentage of each quaternary ammonium homolog in the portion of
Benzalkonium Chloride taken:

rU= peak area of each homolog from the Sample solution
M=r molecular weight of each homolog. The molecular weights of C10 , C12 , C14 , and C16
homologs are 312, 340, 368, and 396, respectively.
Acceptance criteria: On the anhydrous basis, the content of the n-C12 H25 homolog is NLT
40.0% and the content of the n-C14 H29 homolog is NLT 20.0% of the total
alkylbenzyldimethylammonium chloride content. The amount of the n-C12 H25 and n-C14 H29
homolog components together is NLT 70.0% of the total alkylbenzyldimethylammonium
chloride content.
Change to read:
• Total Alkylbenzyldimethylammonium Chlorides
Sample: Weigh a quantity of Benzalkonium Chloride equivalent to 500 mg of anhydrous
benzalkonium chloride.
Analysis: Transfer the Sample, with the aid of 35 mL of water, to a glass-stoppered, 250-mL
conical separator containing 25 mL of methylene chloride. Add 10 mL of 0.1 N sodium
hydroxide, and 10.0 mL of freshly prepared potassium iodide solution (1 in 20), insert the
stopper into the separator, shake, allow the layers to separate, and discard the methylene
chloride layer. Wash the aqueous layer with three 10-mL portions of methylene chloride, and
discard the washings. Transfer the aqueous layer to a glass-stoppered, 250-mL conical flask,
and rinse the separator with three 5-mL portions of water, adding the washings to the flask.
Add 40 mL of cold hydrochloric acid to the flask, mix, and titrate with 0.05 M potassium
iodate VS until the solution becomes light brown in color. Add 5 mL of methylene chloride,
insert the stopper into the flask, and shake vigorously. Continue the titration, dropwise, with
shaking after each addition, until the methylene chloride layer becomes colorless
no longer changes color (IRA 1-Sep-2012)
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and the aqueous layer is clear yellow. Record the titrant volume, Vt, in mL. Perform a blank
determination, using 20 mL of water as the sample, and record the titrant volume, Vb, in mL.
[Note—Vb > Vt. ] The difference between the two titrations represents the amount of
potassium iodate equivalent to the weight of benzalkonium chloride in the sample. Each mL
of 0.05 M potassium iodate is equivalent to x/10 mg of benzalkonium chloride, where x
represents the average molecular weight of the sample, derived by summing, for all
homologs, the products:

rU= peak area of each homolog from the Ratio of Alkyl Components test
rT= sum of all the peak areas of the homologs from the Ratio of Alkyl Components test
M=r molecular weight of each homolog. The molecular weights of the C10 , C12 , C14 , and C16
homologs are 312, 340, 368, and 396, respectively.
Acceptance criteria: 97.0%–103.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 2.0%
• Limit of Amines and Amine Salts
Sample: 5.0 g of Benzalkonium Chloride
Analysis: Dissolve the Sample by heating carefully, e.g., on top of a steam bath with water
as the steam source in 20 mL of a mixture of methanol and 1 N hydrochloric acid VS (97:3).
[Note—The mixed solution, however, must not reach the boiling point. ] Add 100 mL of
isopropyl alcohol, and pass a stream of nitrogen slowly through the solution. Gradually add
12.0 mL of 0.1 N tetrabutylammonium hydroxide VS while recording the potentiometric
titration curve.
Acceptance criteria: If the curve shows two inflection points, the volume of titrant added
between the two points is NMT 5.0 mL, corresponding to NMT 0.1 mmol/g of amines and
amine salts. If the curve shows no point of inflection, the substance being examined does
not comply with the test. If the curve shows one point of inflection, repeat the test, but
add 3.0 mL of a 25.0 mg/mL solution of dimethyldecylamine in isopropyl alcohol before the
titration. If after addition of 12.0 mL of the titrant, the titration curve shows only one point
of inflection, the substance being examined does not comply with the test.
• Limit of Benzyl Alcohol, Benzaldehyde, and (Chloromethyl)benzene
[Note—Prepare the solutions immediately before use. ]
Solution A: Dissolve 1.09 g of sodium 1-hexanesulfonate and 6.9 g of monobasic sodium
phosphate in water in a 1000-mL volumetric flask, adjust with phosphoric acid to a pH of
3.5, and dilute with water to volume.
Solution B: Methanol
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
10
80
20
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14
50
50
35
50
50
36
20
80
55
20
80
56
80
20
65
80
20
Standard solution A: 0.25 mg/mL of USP Benzyl Alcohol RS in methanol
Standard solution B: 0.075 mg/mL of USP Benzaldehyde RS in methanol
Standard solution C: 0.025 mg/mL of USP Benzyl Alcohol RS in methanol, prepared from
Standard solution A and methanol
Sample solution: 50 mg/mL of Benzalkonium Chloride in methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm for benzyl alcohol and (chloromethyl)benzene; UV 257 nm for
benzaldehyde
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
[Note—See Table 3. ]
Table 3
Relative
Retention
Name
Time
Benzyl alcohol
1.0
Benzaldehyde
1.3
(Chloromethyl)benzene
2.4
Suitability requirements
Relative standard deviation: NMT 5.0% for benzyl alcohol, Standard solution A
Signal-to-noise ratio: NLT 10 for the principal peak, Standard solution C
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Calculate the content of (chloromethyl)benzene by multiplying the peak area of
(chloromethyl)benzene by 1.3. [Note—The correction factor is used to adjust for baseline
shift. ]
Acceptance criteria
Benzyl alcohol: The response of the benzyl alcohol peak from the Sample solution is NMT
that of the benzyl alcohol peak from Standard solution A, corresponding to NMT 0.5%.
Benzaldehyde: The response of the benzaldehyde peak from the Sample solution is NMT
that of the benzaldehyde peak from Standard solution B, corresponding to NMT 0.15%.
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(Chloromethyl)benzene: The response of the (chloromethyl)benzene peak from the
Sample solution is NMT 0.1 times that of the principal peak from Standard solution A,
corresponding to NMT 0.05%.
SPECIFIC TESTS
Change to read:
• Acidity or Alkalinity
Sample: 0.5 g of Benzalkonium Chloride
Analysis: Dissolve the Sample in water, dilute with water to 50 mL, and mix. Add 0.1 mL of
bromocresol purple TS.
Acceptance criteria: NMT 0.1 mL
0.5 mL (IRA 1-Sep-2012)
of 0.1 N hydrochloric acid or 0.1 N sodium hydroxide is required to change the color of the
indicator.
• Water Determination, Method I 921 : NMT 15.0%
• Water-Insoluble Matter: A solution (1 in 10) is free from turbidity and insoluble matter.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. No storage requirements specified.
• USP Reference Standards 11
USP Benzalkonium Chloride RS
USP Benzyl Alcohol RS
USP Benzaldehyde RS
BRIEFING
Benzalkonium Chloride Solution, NF 30 page 1710. On the basis of data and comments
received, it is proposed to revise the monograph as follows:
1.
In the test for Acidity or Alkalinity, revise the Sample solution and the Acceptance criteria
to reflect the pH range representative of the pharmaceutical grade excipients available
on the market.
2.
In the test for Total Alkylbenzyldimethylammonium Chlorides in the Assay, provide
additional clarification of the titration step for the endpoint determination.
3.
Replace the USP Alcohol RS in the test for Alcohol Content (if added) with the USP Alcohol
Determination–Alcohol RS, a quantitative Reference Standard necessary to perform the
test.
4.
In the USP Reference Standards section, replace the USP Alcohol RS with the USP Alcohol
Determination–Alcohol RS, a quantitative Reference Standard.
The comment period for this revision ends May 31, 2012. In the absence of significant adverse
comments, it is proposed to implement this revision via an Interim Revision Announcement to
USP 35–NF 30, with an official date of September 1, 2012.
(EXC: H. Wang.)
Correspondence Number—C109059

Comment deadline: May 31, 2012
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Benzalkonium Chloride Solution
DEFINITION
Benzalkonium Chloride Solution contains NLT 95.0% and NMT 105.0% of the labeled amount of
benzalkonium chloride in a solution having a concentration of 1.0% or more; and NLT 93.0% and
NMT 107.0% of the labeled amount of benzalkonium chloride in a solution having a concentration
of less than 1.0%. It may contain a suitable coloring agent and may contain NMT 10% of alcohol.
[Caution—Mixing Benzalkonium Chloride Solution with ordinary soaps and anionic detergents may
decrease or destroy the bacteriostatic activity of the Solution. ]
IDENTIFICATION
• A.
Analysis: To 2 mL of a solution having an equivalent of 10 mg/mL of benzalkonium chloride
add 1 mL of 2 N nitric acid.
Acceptance criteria: A white precipitate is formed, and is dissolved after adding 5 mL of
alcohol.
• B. Identification Tests—General, Chloride 191 : A solution of it in a mixture of equal
volumes of water and alcohol meets the requirements.
• C.
Analysis: Dissolve the residue obtained by evaporating on a steam bath a volume of Solution
equivalent to 200 mg of benzalkonium chloride in 1 mL of sulfuric acid. Add 100 mg of sodium
nitrate, and heat on a steam bath for 5 min. Cool, dilute with water to 10 mL, add 500 mg of
zinc dust, and warm for 5 min on a steam bath. To 2 mL of the clear supernatant add 1 mL
of sodium nitrite solution (1 in 20), cool in ice water, then add 3 mL of a solution of 500 mg
of 2-naphthol in 10 mL of 6 N ammonium hydroxide.
Acceptance criteria: An orange-red color is produced.
• D. The retention times of the major peaks for benzalkonium chloride of the Sample solution
correspond to those of the Standard solution, as obtained in the test for Ratio of Alkyl
Components.
ASSAY
• Ratio of Alkyl Components
Solution A: Adjust a 0.1 M solution of sodium acetate with glacial acetic acid to a pH of 5.0.
Mobile phase: Acetonitrile and Solution A (9:11). Acetonitrile and Solution A may be adjusted
from (2:3) to (3:2) to meet system suitability requirements.
Standard solution: 4 mg/mL of benzalkonium chloride, prepared from USP Benzalkonium
Chloride RS and water
Sample solution: Transfer a volume of Solution, equivalent to 400 mg of benzalkonium
chloride, to a 100-mL volumetric flask, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L10, or 4.6-mm × 25-cm; 10-µm packing L10
Flow rate: 2 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
[Note—See Table 1. Relative retention times are provided for information only, and the
Standard should be used to ensure appropriate peak identification. ]
Table 1
Relative
Retention
Name
Time
C10
C12
C14
C16

homolog
homolog
homolog
homolog

0.9
1.0
1.3
1.7

Suitability requirements
Resolution: NLT 1.5 between the C12 and C14 homologs
Relative standard deviation: NMT 2.0% for the C12 homolog
Analysis
Samples: Standard solution and Sample solution
Identify the homolog peaks by comparison of the retention times of the Sample solution with
those of the Standard solution.
Calculate the percentage of each quaternary ammonium homolog in the portion of Solution
taken:

rU= peak area of each homolog from the Sample solution
M=r molecular weight of each homolog. The molecular weights of the C10 , C12 , C14 , and C16
homologs are 312, 340, 368, and 396, respectively.
Acceptance criteria: On the solid basis, the content of the n-C12 H25 homolog is NLT 40.0%,
and the content of the n-C14 H29 homolog is NLT 20.0% of the total
alkylbenzyldimethylammonium chloride content. The amount of the n-C12 H25 and n-C14 H29
homolog components together is NLT 70.0% of the total alkylbenzyldimethylammonium
chloride content.
Change to read:
• Total Alkylbenzyldimethylammonium Chlorides
Sample solution: Evaporate or dilute with water to 30 mL a volume of Solution equivalent to
500 mg of benzalkonium chloride.
Analysis: Transfer the Sample solution, with the aid of a minimum quantity of water, to a
glass-stoppered, 250-mL conical separator. Transfer 25 mL of methylene chloride. Add 10 mL
of 0.1 N sodium hydroxide, and 10.0 mL of freshly prepared potassium iodide solution (1 in
20), insert the stopper in the separator, shake, allow the layers to separate, and discard the
methylene chloride layer. Wash the aqueous layer with three 10-mL portions of methylene
chloride, and discard the washings. Transfer the aqueous layer to a glass-stoppered, 250-mL
conical flask, and rinse the separator with three 5-mL portions of water, adding the washings
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to the flask. Add 40 mL of cold hydrochloric acid to the flask, mix, and titrate with 0.05 M
potassium iodate VS until the solution becomes light brown in color. Add 5 mL of methylene
chloride, insert the stopper into the flask, and shake vigorously. Continue the titration,
dropwise, with shaking after each addition, until the methylene chloride layer becomes
colorless
no longer changes color (IRA 1-Sep-2012)
and the aqueous layer is clear yellow. Record the titrant volume, Vt, in mL. Perform a blank
determination, using 20 mL of water as the sample, and record the titrant volume, Vb, in mL.
[Note—Vb > Vt. ] The difference between the two titrations represents the amount of
potassium iodate equivalent to the weight of benzalkonium chloride in the sample. Each mL
of 0.05 M potassium iodate is equivalent to x/10 mg of benzalkonium chloride, where x
represents the average molecular weight of the sample, derived by summing, for all
homologs, the products:

rU= peak area of each homolog from the Ratio of Alkyl Components test
rT= sum of all the peak areas of the homologs from the Ratio of Alkyl Components test
M=r molecular weight of each homolog. The molecular weights of the C10 , C12 , C14 , and C16
homologs are 312, 340, 368, and 396, respectively.
Acceptance criteria
For labeled concentrations of NLT 1.0%: 95.0%–105.0%
For labeled concentrations less than 1.0%: 93.0%–107.0%
OTHER COMPONENTS
Change to read:
• Alcohol Content (if added)
Internal standard solution: 0.06 mL/mL of tertiary butyl alcohol in water
Alcohol stock solution: 0.03 mL/mL of alcohol in water, from USP Alcohol RS
0.015 mL/mL of alcohol (C2 H5 OH) in water, from USP Alcohol Determination–Alcohol RS
(IRA 1-Sep-2012)

Standard solutions: Introduce 5 mL, 10 mL, and 20 mL
10, 20, and 40 mL (IRA 1-Sep-2012)
, respectively, of Alcohol stock solution into three separate identical 50-mL volumetric flasks.
To each flask add a 5-mL portion of the Internal standard solution. Dilute with water to
volume, and mix thoroughly. The Standard solutions contain 0.003, 0.006, and 0.012 mL/mL
of alcohol (C2 H5 OH), respectively.
Sample solution: Weigh an appropriate amount of Solution into a 50-mL volumetric flask, and
pipet 5 mL of the Internal standard solution into the flask. Dilute with water to volume, and
mix thoroughly to obtain a solution containing 0.003–0.012 mL/mL of alcohol (C2 H5 OH).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
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Column: 0.25-mm × 30-m glass or quartz capillary; 1.4-µm layer of phase G43
Temperatures
Detector: 250
Injection port: 250
Column: See Table 2.
Table 2
Initial
Temperature Temperature Ramp
( )
( /min)
40
—
40
30
Run time: 29 min
Carrier gas: Helium or nitrogen
Flow rate: See Table 3.

Final
Temperature
( )
40
250

Hold Time
at Final
Temperature
(min)
7
15

Table 3
Hold Time at
Initial Flow Flow Ramp
Final Flow
Final Flow
(mL/min)
(mL/min2)
(mL/min)
(min)
1
—
1
8
1
10
3
21
Injection volume: 1 µL
Injection mode: Split 75:1
System suitability
Sample: Standard solution containing 0.006 mL/mL of alcohol (C2 H5 OH)
[Note—The relative retention times for alcohol and tertiary butyl alcohol are 0.7 and 1.0,
respectively. ]
Suitability requirements
Resolution: NLT 2.0 between alcohol and tertiary butyl alcohol
Relative standard deviation: NMT 10%
Analysis
Samples: Standard solutions and Sample solution
Plot the peak response ratios of the alcohol to tertiary butyl alcohol in the Standard
solutions versus the content, in mL/mL, of alcohol, and draw the straight line best fitting the
plotted points. From the graph obtained, determine the content, C, in mL/mL, of alcohol
(C2 H5 OH) in the Sample solution.
Calculate the percentage of alcohol (C2 H5 OH) in the portion of Solution (v/v) taken:
Result = V × (C × D/W) × 100
V= volume of the Sample solution, 50 mL
D= density of Benzalkonium Chloride Solution (g/mL)
W
= weight of Benzalkonium Chloride Solution taken to prepare the Sample solution (g)
Acceptance criteria: If present, 95.0%–105.0% of the labeled amount of alcohol (C2 H5 OH)
IMPURITIES
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• Limit of Amines and Amine Salts
Sample: A quantity of Solution equivalent to 5.0 g of benzalkonium chloride
Analysis: Dissolve the Sample by heating carefully, e.g., on top of a steam bath with water
as the steam source in 20 mL of a mixture of methanol and 1 N hydrochloric acid VS (97:3).
[Note—The mixed solution, however, must not reach the boiling point. ] Add 100 mL of
isopropyl alcohol, and pass a stream of nitrogen slowly through the solution. Gradually add
12.0 mL of 0.1 N tetrabutylammonium hydroxide VS while recording the potentiometric
titration curve.
Acceptance criteria: If the curve shows two inflection points, the volume of titrant added
between the two points is NMT 5.0 mL, corresponding to NMT 0.1 mmol/g of amines and
amine salts. If the curve shows no point of inflection, the substance being examined does
not comply with the test. If the curve shows one point of inflection, repeat the test, but
add 3.0 mL of a 25.0 mg/mL solution of dimethyldecylamine in isopropyl alcohol before the
titration. If after the addition of 12.0 mL of the titrant, the titration curve shows only one
point of inflection, the substance being examined does not comply with the test.
• Limit of Benzyl Alcohol, Benzaldehyde, and (Chloromethyl)benzene
[Note—Prepare the solutions immediately before use. ]
Solution A: Dissolve 1.09 g of sodium 1-hexanesulfonate and 6.9 g of monobasic sodium
phosphate in water in a 1000-mL volumetric flask, adjust with phosphoric acid to a pH of
3.5, and dilute with water to volume.
Solution B: Methanol
Mobile phase: See Table 4.
Table 4
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
10
80
20
14
50
50
35
50
50
36
20
80
55
20
80
56
80
20
65
80
20
Standard solution A: 0.25 mg/mL of USP Benzyl Alcohol RS in methanol
Standard solution B: 0.075 mg/mL of USP Benzaldehyde RS in methanol
Standard solution C: 0.025 mg/mL of USP Benzyl Alcohol RS in methanol, prepared from
Standard solution A and methanol
Sample solution: Determine the density of the Solution. Dilute a quantity of the Solution
equivalent to 2.5 g of benzalkonium chloride with methanol to 50.0 mL. This solution contains
50 mg/mL of benzalkonium chloride.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm for benzyl alcohol and (chloromethyl)benzene; UV 257 nm for
benzaldehyde
Column: 4.6-mm × 15-cm; 5-µm packing L1
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Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
[Note—See Table 5. ]
Table 5
Relative
Retention
Name
Time
Benzyl alcohol
1.0
Benzaldehyde
1.3
(Chloromethyl)benzene
2.4
Suitability requirements
Relative standard deviation: NMT 5.0% for benzyl alcohol, Standard solution A
Signal-to-noise ratio: NLT 10 for the principal peak, Standard solution C
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Calculate the content of (chloromethyl)benzene by multiplying the peak area of
(chloromethyl)benzene by 1.3. [Note—The correction factor is used to adjust for baseline
shift. ]
Acceptance criteria
Benzyl alcohol: The response of the benzyl alcohol peak from the Sample solution is NMT
that of the benzyl alcohol peak from Standard solution A, corresponding to NMT 0.5%.
Benzaldehyde: The response of the benzaldehyde peak from the Sample solution is NMT
that of the benzaldehyde peak from Standard solution B, corresponding to NMT 0.15%.
(Chloromethyl)benzene: The response of the (chloromethyl)benzene peak from the
Sample solution is NMT 0.1 times that of the principal peak from Standard solution A,
corresponding to NMT 0.05%.
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : A
solution containing less than 5.0% of benzalkonium chloride meets the requirements of the
test for absence of Pseudomonas aeruginosa.
Change to read:
• Acidity or Alkalinity
Sample solution: An appropriate quantity of the Solution, equivalent to 500 mg of
benzalkonium chloride solid, prepared from Benzalkonium Chloride Solution and carbon
dioxide-free water
Evaporate or dilute with carbon dioxide-free water to prepare a 50-mL of 10 mg/mL of
benzalkonium chloride in water. (IRA 1-Sep-2012)
Analysis: To the Sample solution add 0.1 mL of bromocresol purple TS.
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Acceptance criteria: NMT 0.1 mL
0.5 mL (IRA 1-Sep-2012)
of 0.1 N hydrochloric acid or 0.1 N sodium hydroxide is required to change the color of the
indicator.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and prevent contact with metals.
• Labeling: Label it to indicate the concentration of benzalkonium chloride, and to indicate the
name and quantity of the coloring agent added. The labeling also indicates the concentration
of alcohol added.
Change to read:
• USP Reference Standards 11
• USP Alcohol RS
• USP Alcohol Determination–Alcohol RS

(IRA 1-Sep-2012)

USP Benzyl Alcohol RS
USP Benzaldehyde RS
USP Benzalkonium Chloride RS
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed new
standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications of
revisions previously proposed under In-Process Revision. Readers should review material in this
section and provide comments to the Scientific Liaison using the contact information appearing at
the end of each proposal. Information on how to comment can be found under the “Participation”
section of www.usp.org. It is important to send comments promptly, using the comment deadline
listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item
appeared. Rationale for the revision. Other relevant information. (For example, if a
chromatographic method is being proposed, column specifications and retention times
for compounds of interest.) Finally, the Expert Committee acronym (the name of the
Scientific Liaison who handled the particular monograph or general chapter, and the USP
tracking correspondence number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
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new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are already
official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)
USP35

and

indicates that the proposed revision is slated for the Second Supplement to USP 34, and
NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it indicates
that the official title stated after that specification will be substituted for the former title in the
appropriate places throughout that monograph once this revision becomes official.
BRIEFING
87 Biological Reactivity Tests, In Vitro, USP 35 page 92. The following revisions are
proposed based on Expert Committee deliberations:
1.

Ascertain that a leachable/extractable is present in the extract before proceeding with
the tests.
2.
Quantify the leachable/extractable, where appropriate.
3.
Include an area less than 0.45 cm beyond the specimen under Mild Reactivity (Table 1).
4.
Clarify the conditions of cells in culture (Table 2).
(TOX: R.Tirumalai.)
Correspondence Number—C112779

Comment deadline: May 31, 2012
87

BIOLOGICAL REACTIVITY TESTS, IN VITRO

Change to read:
The following tests are designed to determine the biological reactivity of mammalian cell cultures
following contact with the elastomeric plastics and other polymeric materials with direct or
indirect patient contact or of specific extracts
(leachables and/or extractables) 1S (USP36)
prepared from the materials under test. It is essential that the tests be performed on the
specified surface area. When the surface area of the specimen cannot be determined, use 0.1 g
of elastomer or 0.2 g of plastic or other material for every mL of extraction fluid. Exercise care in
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the preparation of the materials to prevent contamination with microorganisms and other foreign
matter.
With suitable validation, the tests described in this chapter can be utilized for other materials
such as impurities in drug substances, excipients and food additives. [Note—Number of replicates
is an important consideration to rule out false negative or false positive responses. ] 1S (USP36)

Three tests are described (i.e., the Agar Diffusion Test, the Direct Contact Test, and the Elution
Test).* The decision as to which type of test or the number of tests to be performed to assess
the potential biological response of a specific sample or extract depends upon the material, the
final product, and its intended use. Other factors that may also affect the suitability of sample for
a specific use are the polymeric composition; processing and cleaning procedures; contacting
media; inks; adhesives; absorption, adsorption, and permeability of preservatives; and conditions
of storage. Evaluation of such factors should be made by appropriate additional specific tests
before determining that a product made from a specific material is suitable for its intended use.
In vitro tests that produce positive responses are candidates for the in vivo tests described in
Biological Reactivity Tests, In Vivo 88 or in other specific regulatory guidances. If extracts do
not contain any leachable or extractable, as ascertained by a suitable validated identification test
against the solvent/medium as control, further testing using these extracts, as described in
Biological Reactivity Tests, In Vitro 87 and Biological Reactivity Tests, In Vivo
be necessary, with appropriate justification. 1S (USP36)
USP Reference Standards

88 , may not

11 —USP High-Density Polyethylene RS. USP Positive Bioreaction RS.

Change to read:
Cell Culture Preparation—Prepare multiple cultures of L-929 (ATCC cell line CCL 1, NCTC clone
929
; Alternative cell lines may be used with suitable validation 1S (USP36)
) mammalian fibroblast cells in serum-supplemented minimum essential medium having a seeding
density of about 105 cells per mL. Incubate the cultures at 37 ± 1 in a humidified incubator for
NLT 24 h in a 5 ± 1% carbon dioxide atmosphere until a monolayer, with greater than 80%
confluence, is obtained. Examine the prepared cultures under a microscope to ensure uniform,
near-confluent monolayers. [Note—The reproducibility of the In Vitro Biological Reactivity Tests
depends upon obtaining uniform cell culture density. ]
Extraction Solvents—Sodium Chloride Injection (see monograph—use Sodium Chloride Injection
containing 0.9% of NaCl). Alternatively, serum-free mammalian cell culture media or serumsupplemented mammalian cell culture media may be used. Serum supplementation is used when
extraction is done at 37 for 24 h.
Apparatus—
Autoclave—Employ an autoclave capable of maintaining a temperature of 121 ± 2 , equipped with
a thermometer, a pressure gauge, a vent cock, a rack adequate to accommodate the test
containers above the water level, and a water cooling system that will allow for cooling of the
test containers to about 20 , but not below 20 , immediately following the heating cycle.
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Oven—Use an oven, preferably a mechanical convection model, that will maintain operating
temperatures in the range of 50 –70 within ± 2 .
Incubator—Use an incubator capable of maintaining a temperature of 37 ± 1 and a humidified
atmosphere of 5 ± 1% carbon dioxide in air.
Extraction Containers—Use only containers, such as ampuls or screw-cap culture test tubes, or
their equivalent, of Type I glass. If used, culture test tubes, or their equivalent, are closed with a
screw cap having a suitable elastomeric liner. The exposed surface of the elastomeric liner is
completely protected with an inert solid disk 50–75 µm in thickness. A suitable disk can be
fabricated from polytef.
Preparation of Apparatus—Cleanse all glassware thoroughly with chromic acid cleansing mixture
and, if necessary, with hot nitric acid followed by prolonged rinsing with Sterile Water for
Injection. Sterilize and dry by a suitable process containers and devices used for extraction,
transfer, or administration of test material. If ethylene oxide is used as the sterilizing agent, allow
NLT 48 h for complete degassing.
Procedure—
Preparation of Sample for Extracts—Prepare as directed in the Procedure under Biological
Reactivity Tests, In Vivo

88 .

Preparation of Extracts—Prepare as directed for Preparation of Extracts in Biological Reactivity
Tests, In Vivo

88

using either Sodium Chloride Injection (0.9% NaCl) or serum-free mammalian

cell culture media as Extraction Solvents. [Note—If extraction is done at 37 for 24 h in an
incubator, use cell culture media supplemented by serum. The extraction conditions should not in
any instance cause physical changes, such as fusion or melting of the material pieces, other than
a slight adherence. ]
Change to read:
Agar Diffusion Test
This test is designed for elastomeric closures in a variety of shapes. The agar layer acts as a
cushion to protect the cells from mechanical damage while allowing the diffusion of leachable
chemicals from the polymeric specimens. Extracts of materials that are to be tested are applied to
a piece of filter paper.
Prior to use in the test, ascertain that leachables or extractables are present in the leachate or
extract by a suitable validated identification test against the solvent/medium as control. Where
appropriate, quantification of the leachable or extractable in the sample and dose-response
determinations may be needed. 1S (USP36)
Sample Preparation—Use extracts prepared as directed or use portions of the test specimens
having flat surfaces NLT 100 mm2 in surface area.
Positive Control Preparation—Proceed as directed for Sample Preparation.
Negative Control Preparation—Proceed as directed for Sample Preparation.
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Procedure—Using 7 mL of cell suspension prepared as directed under Cell Culture Preparation,
prepare the monolayers in plates having a 60-mm diameter. Following incubation, aspirate the
culture medium from the monolayers, and replace it with serum-supplemented culture medium
containing NMT 2% of agar. [Note—The quality of the agar must be adequate to support cell
growth. The agar layer must be thin enough to permit diffusion of leached chemicals. ] Place the
flat surfaces of Sample Preparation, Negative Control Preparation, and Positive Control
Preparation or their extracts in an appropriate extracting medium, in duplicate cultures in contact
with the solidified agar surface. Use no more than three specimens per prepared plate. Incubate
all cultures for NLT 24 h at 37 ± 1 , preferably in a humidified incubator containing 5 ± 1% of
carbon dioxide. Examine each culture around each Sample, Negative Control, and Positive Control,
under a microscope, using a suitable stain, if desired.
Interpretation of Results—The biological reactivity (cellular degeneration and malformation) is
described and rated on a scale of 0–4 (see Table 1). Measure the responses of the cell cultures
to the Sample Preparation, the Negative Control Preparation, and the Positive Control
Preparation. The cell culture test system is suitable if the observed responses to the Negative
Control Preparation is grade 0 (no reactivity) and to the Positive Control Preparation is at least
grade 3 (moderate). The Sample meets the requirements of the test if the response to the
Sample Preparation is not greater than grade 2 (mildly reactive). Repeat the procedure if the
suitability of the system is not confirmed.
Table 1. Reactivity Grades for Agar Diffusion Test and Direct Contact Test
Grade
Reactivity
Description of Reactivity Zone
0
None
No detectable zone around or under specimen
1
Slight
Some malformed or degenerated cells under specimen
2
Mild
Zone limited to area under specimen
and less than 0.45 cm beyond specimen 1S (USP36)
3
Moderate Zone extends 0.5
0.45 1S (USP36)
to 1.0 cm beyond specimen
4
Severe
Zone extends greater than 1.0 cm beyond specimen
Change to read:
Direct Contact Test
This test is designed for materials in a variety of shapes. The procedure allows for simultaneous
extraction and testing of leachable chemicals from the specimen with a serum-supplemented
medium. The procedure is not appropriate for very low- or high-density materials that could cause
mechanical damage to the cells.
Sample Preparation—Use portions of the test specimen having flat surfaces NLT 100 mm2 in
surface area.
Positive Control Preparation—Proceed as directed for Sample Preparation.
Negative Control Preparation—Proceed as directed for Sample Preparation.
Procedure—Using 2 mL of cell suspension prepared as directed under Cell Culture Preparation,
prepare the monolayers in plates having a 35-mm diameter. Following incubation, aspirate the
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culture medium from the cultures, and replace it with 0.8 mL of fresh culture medium. Place a
single Sample Preparation, a Negative Control Preparation, and a Positive Control Preparation in
each of duplicate cultures. Incubate all cultures for NLT 24 h at 37 ± 1 in a humidified incubator
containing 5 ± 1% of carbon dioxide. Examine each culture around each Sample, Negative Control,
and Positive Control Preparation, either visually or
1S (USP36)

under a microscope, using a suitable stain, if desired.
Interpretation of Results—Proceed as directed for Interpretation of Results under Agar Diffusion
Test. The Sample meets the requirements of the test if the response to the Sample Preparation is
not greater than grade 2 (mildly reactive). Repeat the procedure if the suitability of the system is
not confirmed.
Change to read:
Elution Test
This test is designed for the evaluation of extracts of polymeric materials. The procedure allows
for extraction of the specimens at physiological or nonphysiological temperatures for varying time
intervals. It is appropriate for high-density materials and for dose-response evaluations.
Sample Preparation—Prepare as directed in Preparation of Extracts, using either Sodium Chloride
Injection (0.9% NaCl) or serum-free mammalian cell culture media as Extraction Solvents. If the
size of the Sample cannot be readily measured, a mass of NLT 0.1 g of elastomeric material or 0.2
g of plastic or polymeric material per mL of extraction medium may be used. Alternatively, use
serum-supplemented mammalian cell culture media as the extracting medium to simulate more
closely physiological conditions. Prepare the extracts by heating for 24 h in an incubator
containing 5 ± 1% of carbon dioxide. Maintain the extraction temperature at 37 ± 1 , because
higher temperatures may cause denaturation of serum proteins.
The testing considerations mentioned in the Agar Diffusion Test are applicable in the Elution Test
regarding identification and quantitation of extracts. 1S (USP36)
Positive Control Preparation—Proceed as directed for Sample Preparation.
Negative Control Preparation—Proceed as directed for Sample Preparation.
Procedure—Using 2 mL of cell suspension prepared as directed under Cell Culture Preparation,
prepare the monolayers in plates having a 35-mm diameter. Following incubation, aspirate the
culture medium from the monolayers, and replace it with extracts of the Sample Preparation,
Negative Control Preparation, or Positive Control Preparation. The serum-supplemented and
serum-free cell culture media extracts are tested in duplicate without dilution (100%). The Sodium
Chloride Injection extract is diluted with serum-supplemented cell culture medium and tested in
duplicate at 25% extract concentration. Incubate all cultures for 48 h at 37 ± 1 in a humidified
incubator preferably containing 5 ± 1% of carbon dioxide. Examine each culture at 48 h, under a
microscope, using a suitable stain, if desired.
Interpretation of Results—Proceed as directed for Interpretation of Results under Agar Diffusion
Test but using Table 2. The Sample meets the requirements of the test if the response to the
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Sample Preparation is not greater than grade 2 (mildly reactive). Repeat the procedure if the
suitability of the system is not confirmed. For dose-response evaluations, repeat the procedure,
using quantitative dilutions of the sample extract.
Grade
0
1

Reactivity
None
Slight

2

Mild

3

Moderate

4

Severe

Table 2. Reactivity Grades for Elution Test
Conditions of all Cultures
Discrete intracytoplasmic granules; no cell lysis
Not more than
Less than or equal to 1S (USP36)
20% of the cells are round, loosely attached, and without
intracytoplasmic granules; occasional lysed cells are present
Not more than
20% to less than or equal to 1S (USP36)
50% of the cells are round and devoid of intracytoplasmic granules; no
extensive cell lysis and empty areas between cells
Not more than
50% to less than 1S (USP36)
70% of the cell layers contain rounded cells or are lysed
Nearly complete destruction of the cell layers

* Further details are given in the following publications of the American Society for Testing and Materials, 1916
Race St., Philadelphia, PA 19103: “Standard Test Method for Agar Diffusion C ell C ulture Screening for
C ytotoxicity,” ASTM Designation F 895-84; “Standard Practice for Direct C ontact C ell C ulture Evaluation of
Materials for Medical Devices,” ASTM Designation F 813-83.

BRIEFING
88 Biological Reactivity Tests, In Vivo, USP 35 page 94. The following revisions are
proposed based on Expert Committee deliberations:
1.
2.
3.
4.
5.
6.

Ascertain that a leachable/extractable is present in the extract before proceeding with
the tests.
Quantify the leachable/extractable, where appropriate.
Change the systemic injection in mouse from intravenous to intraperitoneal to overcome
difficulties with IV injection in mice.
Replace rabbits with guinea pigs for intracutaneous injection to overcome difficulties
with IC injection into rabbit skin.
Delete the Injection Rates in Table 4 because an IP injection doesn't normally need a
rate unless it is a very large volume.
Replace the Safety Test for biologics with a reference to the CFR.

(TOX: R.Tirumalai.)
Correspondence Number—C112780

Comment deadline: May 31, 2012
88

BIOLOGICAL REACTIVITY TESTS, IN VIVO

Change to read:
The following tests are designed to determine the biological response of animals to elastomerics,
plastics, and other polymeric material with direct or indirect patient contact, or by the injection of
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specific extracts prepared from the material under test.
With suitable validation, the tests can be applied to other materials such as impurities in drug
substances, excipients and food additives. 1S (USP36)
It is essential to make available the specific surface area for extraction. When the surface area of
the specimen cannot be determined, use 0.1 g of elastomer or 0.2 g of plastic or other material
for every mL of extraction fluid. Also, it is essential to exercise care in the preparation of the
materials to be injected or instilled to prevent contamination with microorganisms and other
foreign matter.
Prior to use in the test, ascertain that leachables or extractables are present in the sample by a
suitable validated identification test against the solvent/medium as control. Where appropriate,
quantification of the leachable or extractable in the sample and dose-response determinations
may be needed. [Note—Number of replicates is an important consideration to rule out false
negative or false positive responses. ] 1S (USP36)
Three tests are described. The Systemic Injection Test and the Intracutaneous Test are used for
elastomeric materials, especially to elastomeric closures for which the appropriate Biological
Reactivity Tests, In Vitro
are used for plastics and
, 1S (USP36)
other polymers,
and other substances

87

have indicated significant biological reactivity. These two tests

1S (USP36)

in addition to a third test, the Implantation Test, to test the suitability of these materials
intended for use in fabricating containers and accessories thereto, for use in parenteral
preparations, and for use in medical devices, implants, and other systems.
These three tests are applied to materials or medical devices, if there is a need for classification
of plastics and other polymers based on in vivo biological reactivity testing.
For the purpose of this chapter, these definitions apply: the Sample is the specimen under test or
an extract prepared from such a specimen. A Blank consists of the same quantity of the same
extracting medium that is used for the extraction of the specimen under test, treated in the same
manner as the extracting medium containing the specimen under test. A Negative Control1 is a
specimen that gives no reaction under the conditions of the test.
Change to read:
CLASSIFICATION OF PLASTICS
Six Plastic Classes are defined (see Table 1). This classification is based on responses to a series
of in vivo tests for which extracts, materials, and routes of administration are specified. These
tests are directly related to the intended end-use of the plastic articles. The choice of
extractants is representative of the vehicles in preparations with which the plastics are likely to
be in contact. The Table 1 classification facilitates communication among suppliers, users, and
manufacturers of plastics by summarizing the tests to be performed for containers for injections
and medical devices if a need for classification exists.
Table 1. Classification of Plastics
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Plastic Classesa

Tests to be Conducted

I

II

III

IV

V

VI

x

x

x

x

x

x

x

x
x

x

x
x

x
x

x

x
x

x

x

x
x

x
x

x
x

x
x

x
x

x
x

Test
Material

Extract of
Sample in
Sodium Chloride
Injection
Extract of
Sample in 1 in
20 Solution of
Alcohol in
Sodium Chloride
Injection
Extract of
Sample in
Polyethylene
Glycol 400

x

x

x

x

Implant Sample

x

x

Dose

Mouse

Extract of
Sample in
Vegetable Oil
Implant strips of
Sample

x

Animal

50 mL/kg
0.2 mL/animal
at each of 10
Rabbit
Guinea Pig 6 1S (USP36)
sites
1S (USP36)
Mouse

50 mL/kg
0.2 mL/animal
at each of 10
Rabbit
Guinea Pig 6 1S (USP36)
sites
1S (USP36)
Mouse
10 g/kg
0.2 mL/animal
at each of 10
Rabbit
Guinea Pig 6 1S (USP36)
sites
1S (USP36)
Mouse
50 mL/kg
0.2 mL/animal
at each of 10
Rabbit
Guinea Pig 6 1S (USP36)
sites
1S (USP36)
Rabbit
Rat

4 strips/animal
2
Samples/animal

Procedureb
A (IV)
(IP)
1S (USP36)

B
(IC)
1S (USP36)

A (IV)
(IP)
1S (USP36)

B
(IC)
1S (USP36)

A (IP)
B
(IC)
1S (USP36)

A (IP)
B
(IC)
1S (USP36)

C
C

USP35

a Tests required for each class are indicated by “x” in appropriate columns.
b Legend: A (ip)—Systemic Injection Test (intraperitoneal); A (iv)—Systemic Injection Test
(intravenous);
1S (USP36)

B—Intracutaneous Test (intracutaneous); C—Implantation Test (intramuscular
or subcutaneous USP35
implantation).
With the exception of the Implantation Test, the procedures are based on the use of extracts
that, depending on the heat resistance of the material, are prepared at one of three standard
temperatures: 50 , 70 , and 121 . Therefore, the class designation of a plastic must be
accompanied by an indication of the temperature of extraction (e.g., IV-121 , which represents a
class IV plastic extracted at 121 , or I-50 , which represents a class I plastic extracted at 50 ).
Plastics may be classified as USP Plastic Classes I–VI only on the basis of the response criteria
prescribed in Table 1.
This classification does not apply to plastics that are intended for use as containers for oral or
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topical products, or that may be used as an integral part of a drug formulation. Table 1 does not
apply to natural elastomers, which are to be tested in Sodium Chloride Injection and vegetable oils
only.
The Systemic Injection Test and the Intracutaneous Test are designed to determine the systemic
and local, respectively, biological responses of animals to plastics
, other substances, 1S (USP36)
and other polymers by the singleor multiple 1S (USP36)
-dose injection of specific extracts prepared from a Sample. The Implantation Test is designed to
evaluate the reaction of living tissue to the plastic and other polymers by the implantation of the
Sample itself into animal tissue. The proper preparation and placement of the specimens under
aseptic conditions are important in the conduct of the Implantation Test.
These tests are designed for application to plastics and other polymers in the condition in which
they are used. If the material is to be exposed to any cleansing or sterilization process prior to its
end-use, then the tests are to be conducted on a Sample prepared from a specimen
preconditioned by the same processing.
Factors such as material composition, processing and cleaning procedures, contacting media, inks,
adhesives, absorption, adsorption and permeability of preservatives, and conditions of storage
may also affect the suitability of a material for a specific use. Evaluation of such factors should
be made by appropriate additional specific tests to determine the suitability of a material for its
intended use.
USP Reference Standards

11 —USP High-Density Polyethylene RS.

Change to read:
Extracting Media—
sodium chloride injection (see monograph). Use Sodium Chloride Injection containing 0.9% of NaCl.
1 in 20 solution of alcohol in sodium chloride injection.
polyethylene glycol 400 (see monograph).
vegetable oil— Use freshly refined Sesame Oil (see monograph) or Cottonseed Oil (see monograph)
or other suitable vegetable oils.
drug product vehicle (where applicable).
water for injection (see monograph).
Note—The Sesame Oil or Cottonseed Oil or other suitable vegetable oil meets the following
additional requirements. Obtain, if possible, freshly refined oil. Use three properly prepared
animals, and inject the oil intracutaneously in a dose of 0.2 mL into each of 10 sites per animal,
and observe the animals at 24, 48, and 72 h following injection. Rate the observations at each
site on the numerical scale indicated in Table 2. For the 3 rabbits (30
Guinea Pigs (18 1S (USP36)
injection sites), at any observation time, the average response for erythema is not greater than
0.5 and for edema is not greater than 1.0, and no site shows a tissue reaction larger than 10 mm
in overall diameter. The residue of oil at the injection site should not be misinterpreted as edema.
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Edematous tissue blanches when gentle pressure is applied.
Table 2. Evaluation of Skin Reactions
a

1S (USP36)

Erythema and Eschar Formation
No erythema
Very slight erythema (barely perceptible)
Well-defined erythema
Moderate to severe erythema
Severe erythema (beet-redness) to slight eschar
formation (injuries in depth)
Edema Formationb
No edema
Very slight edema (barely perceptible)
Slight edema (edges of area well defined by definite raising)
Moderate edema (raised approximately 1 mm)
Severe edema (raised more than 1 mm and
extending beyond the area of exposure)

Score
0
1
2
3
4
Score
0
1
2
3
4

a Draize JH, Woodward G, Calvery HO. Methods for the study of irritation and toxicity of
substances applied topically to the skin and mucous membranes. J Pharmacol Exp Ther
1944;82:377–389.
1S (USP36)

b Excludes noninflammatory (mechanical) edema from the blank or extraction fluid.
Apparatus—The apparatus for the tests includes the following.
autoclave—Use an autoclave capable of maintaining a temperature of 121 ± 2.0 , equipped with a
thermometer, a pressure gauge, a vent cock, a rack adequate to accommodate the test
containers above the water level, and a water cooling system that will allow for cooling of the
test containers to about, but not below, 20 immediately following the heating cycle.
oven—Use an oven, preferably a forced-circulation model, that will maintain operating
temperatures of 50 or 70 within ±2 .
extraction containers—Use only containers, such as ampuls or screw-cap culture test tubes, of
Type I glass. If used, culture test tubes are closed with screw caps having suitable elastomeric
liners. The exposed surface of the elastomeric liner is completely protected with an inert solid disk
0.05–0.075 mm in thickness. A suitable disk may be fabricated from a polytef resin.
Preparation of Apparatus—Cleanse all glassware thoroughly with chromic acid cleansing mixture,
or if necessary, with hot nitric acid, followed by prolonged rinsing with water. Clean cutting
utensils by an appropriate method (e.g., successive cleaning with acetone and methylene
chloride) prior to use in subdividing a specimen. Clean all other equipment by thorough scrubbing
with a suitable detergent and prolonged rinsing with water.
Render containers and equipment used for extraction, and in transfer and administration of test
material, sterile and dry by a suitable process. [Note—If ethylene oxide is used as the sterilizing
agent, allow adequate time for complete degassing. ]
Change to read:
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Procedure—
preparation of sample—Both the Systemic Injection Test and the Intracutaneous Test may be
performed using the same extract, if desired, or separate extracts may be made for each test.
Select and subdivide into portions a Sample of the size indicated in Table 3. Remove particulate
matter, such as lint and free particles, by treating each subdivided Sample or Negative Control as
follows. Place the Sample into a clean, glass-stoppered, 100-mL graduated cylinder of Type I
glass, and add about 70 mL of Water for Injection. Agitate for about 30 s, and drain off the
water. Repeat this step, and dry those pieces prepared for the extraction with Vegetable Oil in an
oven at a temperature not exceeding 50 . [Note—Do not clean the Sample with a dry or wet
cloth or by rinsing or washing with an organic solvent, surfactant, etc. ]
Form of
Material
Film or sheet

Tubing

Slabs, tubing, and
molded items

Table 3. Surface Area of Specimen To Be Useda
Amount of Sample for each 20 mL of
Subdivided
Thickness
Extracting Medium
into
Equivalent of 120 cm2 total surface area Strips of about 5
× 0.3 cm
<0.5 mm
(both sides combined)
Equivalent of 60 cm2 total surface area
0.5–1 mm
(both sides combined)
Length (in cm) = 120 cm2/(sum of ID and Sections of about
<0.5 mm
(wall)
OD circumferences)
5 × 0.3 cm
2
Length (in cm) = 60 cm /(sum of ID and
0.5–1 mm
(wall)
OD circumferences)
Equivalent of 60 cm2 total surface area (all Pieces up to
>1 mm
exposed surfaces combined)
about 5 × 0.3 cm
2
Equivalent of 25 cm total surface area (all
>1 mm
exposed surfaces combined)
Do not subdivideb

Elastomers
a When surface area cannot be determined due to the configuration of the specimen, use 0.1 g
of elastomer or 0.2 g of plastic or other polymers for every 1 mL of extracting fluid.
b Molded elastomeric closures are tested intact.

preparation of extracts—Place a properly prepared Sample to be tested in an extraction
container, and add 20 mL of the appropriate extracting medium. Repeat these directions for each
extracting medium required for testing. Also, prepare one 20-mL blank of each medium for parallel
injections and comparisons. Extract by heating in an autoclave at 121 for 60 min, in an oven at
70 for 24 h, or at 50 for 72 h. Allow adequate time for the liquid within the container to reach
the extraction temperature. [Note—The extraction conditions should not in any instance cause
physical changes such as fusion or melting of the Sample pieces, which result in a decrease in the
available surface area. A slight adherence of the pieces can be tolerated. Always add the cleaned
pieces individually to the extracting medium. If culture tubes are used for autoclave extractions
with Vegetable Oil, seal screw caps adequately with pressure-sensitive tape. ]
Cool to about room temperature but not below 20 , shake vigorously for several minutes, and
decant each extract immediately, using aseptic precautions, into a dry, sterile vessel. Store the
extracts at a temperature of 20 –30 , and do not use for tests after 24 h. Of importance are the
contact of the extracting medium with the available surface area of the plastic and the time and
temperature during extraction, the proper cooling, agitation, and decanting process, and the
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aseptic handling and storage of the extracts following extraction.
Prior to use in the test, ascertain that leachables or extractables are present in the leachate or
extract by a suitable validated identification test against the solvent/medium as control. Where
appropriate, quantification of the leachable or extractable in the sample and dose-response
determinations may be needed. 1S (USP36)
Change to read:
SYSTEMIC INJECTION TEST
This test is designed to evaluate systemic responses to the extracts of materials under test
following injection
intraperitoneal injections 1S (USP36)
into mice.
Test Animals—Use healthy, not previously used albino mice weighing 17–23 g. For each test
group use only mice of the same source. Allow water and food, commonly used for laboratory
animals and of known composition, ad libitum.
Procedure—[Note—Agitate each extract vigorously prior to withdrawal of injection doses to
ensure even distribution of the extracted matter. However, visible particulates should not be
injected intravenously.
1S (USP36)

] Inject each of the five mice in a test group with the Sample or the Blank as outlined in Table 4,
except to dilute each g of the extract of the Sample prepared with Polyethylene Glycol 400, and
the corresponding Blank, with 4.1 volumes of Sodium Chloride Injection to obtain a solution having
a concentration of about 200 mg of polyethylene glycol per mL.
Table 4. Injection Procedure—Systemic Injection Test
Injection Rate, µL per
Dose
second
Extract or Blank
per kg
Routea
1S (USP36)
Sodium Chloride Injection
50 mL
IV
100
1S (USP36)
IP
1S (USP36)

1 in 20 solution of Alcohol in Sodium
Chloride Injection
Polyethylene Glycol 400
Drug product vehicle (where applicable)

50 mL
10 g
50 mL

IV
IP
1S (USP36)

IP
IV
IP

100
1S (USP36)

—
100
1S (USP36)

1S (USP36)

Vegetable Oil

50 mL
50 mL

IP
IP

—
—
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a IV=Intravenous (aqueous sample and blank);
1S (USP36)

IP = intraperitoneal (oleaginous sample and blank)
1S (USP36)

.
Observe the animals immediately after injection, again 4 h after injection, and then at least at 24,
48, and 72 h. If during the observation period none of the animals treated with the extract of the
Sample shows a significantly greater biological reactivity than the animals treated with the Blank,
the Sample meets the requirements of this test. If two or more mice die, or if abnormal behavior
such as convulsions or prostration occurs in two or more mice, or if a body weight loss greater
than 2 g occurs in three or more mice, the Sample does not meet the requirements of the test. If
any animals treated with the Sample show only slight signs of biological reactivity, and not more
than one animal shows gross symptoms of biological reactivity or dies, repeat the test using
groups of 10 mice. On the repeat test, all 10 animals treated with the Sample show no significant
biological reactivity above the Blank animals during the observation period.
For multiple daily dose tests, the same parameters apply. At the end of both testing phases, a
gross necropsy should be performed on each mouse to determine if any pathological changes
occurred. A histopathological evaluation should be performed on any tissues with gross changes.
1S (USP36)

Change to read:
INTRACUTANEOUS TEST
This test is designed to evaluate local responses to the extracts of materials under test following
intracutaneous injection into rabbits
guinea pigs. 1S (USP36)
Test Animals—Select healthy, thin-skinned albino rabbits
guinea pigs 1S (USP36)
with fur that can be clipped closely and skin that is free from mechanical irritation or trauma. In
handling the animals, avoid touching the injection sites during observation periods, except to
discriminate between edema and an oil residue. [Note—Rabbits previously used in unrelated tests,
such as the Pyrogen Test 151 , and that have received the prescribed rest period, may be
used for this test provided that they have clean, unblemished skin. ]
1S (USP36)

Procedure—[Note—Agitate each extract vigorously prior to withdrawal of injection doses to
ensure even distribution of the extracted matter. ] On the day of the test, closely clip the fur on
the animal's back on both sides of the spinal column over a sufficiently large test area. Avoid
mechanical irritation and trauma. Remove loose hair by means of vacuum. If necessary, swab the
skin lightly with diluted alcohol, and dry the skin prior to injection. More than one extract from a
given material can be used per rabbit
guinea pig 1S (USP36)
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, if it is determined that the test results will not be affected. For each Sample use two animals
and inject each intracutaneously, using one side of the animal for the Sample and the other side
for the Blank, as outlined in Table 5. [Note—Dilute each g of the extract of the Sample prepared
with Polyethylene Glycol 400, and the corresponding Blank, with 7.4 volumes of Sodium Chloride
Injection to obtain a solution having a concentration of about 120 mg of polyethylene glycol per
mL. ]
Table 5. Intracutaneous Test
Number of Sites
Dose
Extract or Blank
(per animal)
(µL per site)
Sample
5
200
Blank
5
200
Examine injection sites for evidence of any tissue reaction such as erythema, edema, and
necrosis. Swab the skin lightly, if necessary, with diluted alcohol to facilitate reading of injection
sites. Observe all animals at 24, 48, and 72 h after injection. Rate the observations on a numerical
scale for the extract of the Sample and for the Blank, using Table 2. Reclip the fur as necessary
during the observation period. The average erythema and edema scores for Sample and Blank
sites are determined at every scoring interval (24, 48, and 72 h) for each rabbit
guinea pig. 1S (USP36)
After the 72-hour scoring, all erythema scores plus edema scores are totalled separately for each
Sample and Blank. Divide each of the totals by 12 (2 animals × 3 scoring periods × 2 scoring
categories) to determine the overall mean score for each Sample versus each corresponding
Blank. The requirements of the test are met if the difference between the Sample and the Blank
mean score is 1.0 or less. If at any observation period the average reaction to the Sample is
questionably greater than the average reaction to the Blank, repeat the test using three
additional rabbits
guinea pigs. 1S (USP36)
The requirements of the test are met if the difference between the Sample and the Blank mean
score is 1.0 or less.
Change to read:
IMPLANTATION TEST
The implantation test is designed for the evaluation of plastic materials and other polymeric
materials in direct contact with living tissue. Of importance are the proper preparation of the
implant strips and their proper implantation under aseptic conditions.
The intramuscular implantation test requires healthy adult
New Zealand 1S (USP36)
rabbits. The test specimens are placed into needles as the delivery system for implantation.
Although most materials lend themselves readily to this method, there are a number of materials
that are unsuitable for intramuscular implantation. For materials with physical characteristics
unsuitable for routine intramuscular implantation, the subcutaneous rat implantation model is a
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viable alternative.
Intramuscular Implantation in Rabbits
Prepare for implantation 8 strips of the Sample and 4 strips of USP High-Density Polyethylene RS.
Each strip should measure not less than 10 × 1 mm. The edges of the strips should be as smooth
as possible to avoid additional mechanical trauma upon implantation. Strips of the specified
minimum size are implanted by means of a hypodermic needle (15–19 gauge) with intravenous
point and a sterile trocar. Use either presterilized needles into which the sterile plastic strips are
aseptically inserted, or insert each clean strip into a needle, the cannula and hub of which are
protected with an appropriate cover, and then subjected to the appropriate sterilization
procedure. [Note—Allow for proper degassing if agents such as ethylene oxide are used. ]
Test Animals—
USP35

Select healthy, adult rabbits weighing not less than 2.5 kg, and with paravertebral muscles that
are sufficiently large in size to allow for implantation of the test strips. Do not use any muscular
tissue other than the paravertebral site. The animals must be anesthetized with a commonly used
anesthetic agent to a degree deep enough to prevent muscular movements, such as twitching.
See the Association for Assessment and Accreditation of Laboratory Animal Care (AAALAC)
guidelines. 1S (USP36)
Procedure—Perform the test in a clean area. On the day of the test or up to 20 h before testing,
clip the fur of the animals on both sides of the spinal column. Remove loose hair by means of
vacuum. Swab the skin lightly with diluted alcohol, and dry the skin prior to injection.
Implant four strips of the Sample into the paravertebral muscle on one side of the spine of each
of two rabbits, 2.5–5 cm from the midline and parallel to the spinal column, and about 2.5 cm
apart from each other. In a similar fashion implant two strips of USP High-Density Polyethylene RS
in the opposite muscle of each animal. Insert a sterile stylet into the needle to hold the implant
strip in the tissue while withdrawing the needle. If excessive bleeding is observed after
implantation of a strip, place a duplicate strip at another site.
Keep the animals for a period of not less than 120 h, and sacrifice them at the end of the
observation period by administering an overdose of an anesthetic agent or other suitable agents.
Allow sufficient time to elapse for the tissue to be cut without bleeding. Examine macroscopically
the area of the tissue surrounding the center portion of each implant strip. Use a magnifying lens
and auxiliary light source. Observe the Sample and Control implant sites for hemorrhage, necrosis,
discolorations, and infections, and record the observations. Measure encapsulation, if present, by
recording the width of the capsule (from the periphery of the space occupied by the implant
Control or Sample to the periphery of the capsule) rounded to the nearest 0.1 mm. Score
encapsulation according to Table 6.
Table 6. Evaluation of Encapsulation in the Implantation Test
Capsule Width
Score
None
0
Up to 0.5 mm
1
0.6–1.0 mm
2
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1.1–2.0 mm
Greater than 2.0 mm

3
4

Calculate the differences between average scores for the Sample and Control sites. The
requirements of the test are met if the difference does not exceed 1.0, or if the difference
between the Sample and Control mean scores for more than one of the four implant sites does
not exceed 1 for any implanted animal.
Subcutaneous Implantation in Rats
Prepare for implantation 10 sample specimens and 10 control specimens. The size and shape of
the control specimens shall be as similar to that of the test specimens as practically possible. For
example, specimens made of sheeting material shall be 10–12 mm in diameter and from 0.3–1 mm
in thickness. The edges of the specimens should be as smooth as possible to avoid additional
mechanical trauma upon implantation.
Test Animals—Select healthy
albino 1S (USP36)
rats weighing 225–350 g at the time of implantation.
Procedure—Perform the test in a clean area. Anesthetize
(see AAALAC guidelines) 1S (USP36)
the animal until a surgical plane is achieved. Clip the fur of the animals on both sides of the spinal
column. Remove loose hair by means of vacuum. Clean the clipped area with povidone–iodine
solution. Using aseptic technique, make two midline incisions (approximately 1.0 cm long) through
the skin at the cranial and caudal regions on the dorsal surface. Using blunt dissection, separate
the fascia connecting skin to muscle to form a pocket underneath the skin lateral to each side of
the incision (base of pocket approximately 20 mm from the line of implant). Insert a sterile sample
into each pocket, and close the incision with wound clips or sutures. Implant two test samples
and two control samples in each of five rats. Keep the animals for a period of at least seven days,
and sacrifice them at the end of the observation period by CO2 induced hypoxia or administering
an overdose of an anesthetic agent. Allow sufficient time to elapse for the tissue to be cut
without bleeding. Cut the skin (dorsal surface) longitudinally and lay back. Carefully examine
macroscopically the area of the tissue surrounding the implant. Cut the sample in half and remove
for close examination of the tissue in direct contact with the sample. Use a magnifying lens and
auxiliary light source, if appropriate. Observe the Sample and Control implant sites for
hemorrhage, necrosis, discolorations, and infections, and record the observations. Measure
encapsulation, if present, by recording the width of the capsule (from the periphery of the space
occupied by the implant Control or Sample to the periphery of the capsule) rounded to the
nearest 0.1 mm. Score encapsulation according to Table 6. Calculate the differences between
average scores for the Sample and Control sites. The requirements of the test are met if the
difference does not exceed 1.0.
USP35

Change to read:
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SAFETY TESTS—BIOLOGICALS
The safety test set forth here is intended to detect in an article any unexpected, unacceptable
biological reactivity. This in vivo test is provided for the safety assessment of biologics (see
Biologics

1041 ) and

1S (USP36)

biotechnology-derived products.
Safety Test
Select five healthy mice not previously used for testing, weighing 17–23 g, unless otherwise
directed in the individual monograph or elsewhere in this chapter, and maintained on an adequate
balanced diet. Prepare a test solution as directed in the individual monograph. Unless otherwise
directed in the individual monograph or elsewhere in this chapter, inject intravenously
intraperitoneally 1S (USP36)
a dose of 0.5 mL of the test solution into each of the mice, using a 26-gauge needle of suitable
length, or of the length specified below as applicable. Observe the animals over the 48 h following
the injection. If, at the end of 48 h, all of the animals survive and not more than one of the
animals shows outward symptoms of a reaction not normally expected of the level of toxicity
related to the article, the requirements of this test are met. If one or more animals die or if more
than one of the animals shows signs of abnormal or untoward toxicity of the article under test,
repeat the test using at least another 10 mice similar to those used in the initial test, but
weighing 20 ± 1 g. In either case, if all of the animals survive for 48 h and show no symptoms of a
reaction indicative of an abnormal or undue level of toxicity of the article, the requirements of the
test are met.
Body weights of mice before and at the end of the test should be obtained to detect any
untoward effects. Animals that show signs of toxicity should be grossly necropsied and subjected
to histopathology if necessary. 1S (USP36)

For biologics, perform the test according to the procedures prescribed in the Code of Federal
Regulations, (see Biologics 1041 ) Section 610.11, using not less than two mice similar to those
described above but weighing less than 22 g and not less than two healthy guinea pigs weighing
less than 400 g. Unless otherwise directed in the individual monograph, for a liquid product or a
freeze-dried product that has been constituted as directed in the labeling, inject a volume of 0.5
mL intraperitoneally into each mouse, and inject a volume of 5.0 mL intraperitoneally into each
guinea pig. For freeze-dried products for which the volume of constitution is not indicated in the
label, or for nonliquid products other than freeze-dried products, perform the test using the route
of administration, test dose, and diluent approved by the Center for Biologics Evaluation and
Research (FDA), on the basis of substantial evidence demonstrating that the test variation will
assure sensitivity equal to or greater than that of the test described above. Observe the animals
for a minimum observation period of 7 days. If all of the animals survive the test period, do not
exhibit any response that is not specific for or expected from the product and that may indicate a
difference in such product quality, and weigh no less at the end of the test period than at the
time of injection, the requirements of the test are met. If the article fails to meet the
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requirements, the test may be repeated as in the initial test, in the one or both species in which
the requirements were not met. If the animals fulfill the criteria specified for the initial test, the
article meets the requirements of the test. If the article fails to meet the requirements after the
first repeat test, and not less than 50% of the total number of animals of the species in which the
requirements of the test were not met in the combined initial and first retests have survived, a
second retest may be performed. Use twice the number of animals of the relevant species used in
the initial test. If the animals fulfill the criteria specified for the initial test, the requirements of
the test are met.
1S (USP36)

1 USP High-Density Polyethylene RS.

BRIEFING
208 Anti–Factor Xa and Anti–Factor IIa Assays for Unfractionated and Low Molecular
Weight Heparins. The USP Unfractionated Heparin Expert Panel and Low Molecular Weight
Heparin Expert Panel jointly propose a new general test chapter. The potencies of unfractionated
heparin and low molecular weight heparins (LMWH) are measured using anti–factor Xa and anti–
factor IIa assays. Because heparin and LMWH potency assays are referenced in many USP
monographs, housing these assays in one chapter promotes consistency within a product class
and makes future revision processes more efficient.
The expert panels encourage input from all interested parties regarding this proposed general
chapter. By introducing this chapter, USP intends to provide common potency assays and
reference standards for all unfractionated and low molecular weight heparins monographs.
(BIO1: A. Szajek.)
Correspondence Number—C57298

Comment deadline: May 31, 2012
Add the following:
208 ANTI–FACTOR X
a AND ANTI–FACTOR IIa ASSAYS FOR UNFRACTIONATED AND LOW MOLECULAR WEIGHT
HEPARINS
This chapter provides information and procedures to determine factor Xa inhibitory activity and
factor IIa (thrombin) inhibitory activity for unfractionated heparin (UFH) and low molecular weight
heparins (LMWH).
INTRODUCTION
Unfractionated heparin and LMWH exert their anticoagulant effect by potentiating the activity of
plasma coagulation inhibitors. Of all the commonly known glycosaminoglycans, only UFH, LMWH,
and heparan sulfate (hereafter referred to generally as heparin) contain a specific
pentasaccharide sequence that can bind to the plasma coagulation inhibitor, antithrombin (AT).
AT-dependent assays, therefore, are developed to ensure the specificity of the methods for
measuring the anticoagulant activity of heparin. Binding of heparin to AT induces a conformational
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change, thereby increasing AT's binding to and subsequent inactivation of activated blood
coagulation factors. The major coagulation targets for the AT–heparin complex are factor IIa
(thrombin) and coagulation factor Xa. Once AT is activated by the pentasaccharide sequence of
heparin, it interacts with factors Xa and IIa via its reactive center loop. For efficient inhibition of
thrombin, the heparin molecule also must bind to both AT and IIa. This interaction requires an
extra length of approximately 13 monosaccharides attached at the nonreducing end of the ATbinding heparin pentasaccharide sequence. This minimum heparin motif for AT inhibition of
thrombin, known as the C-domain, has an approximate molecular weight of 5400 Da. Although the
potentiation of AT inactivation of factor Xa also depends on molecular weight, the additional
saccharide units of the C-domain are not essential, and heparin with a molecular weight less than
5400 Da can potentiate AT to inactivate factor Xa. By convention, the potency ratio of anti–
factor Xa to anti–factor IIa for UFH is 1. Unfractionated heparin is heterogenous and polydisperse
but contains little or no material of molecular weight less than 5400 Da. The mean molecular
weights of LMWH products are lower than those of UFH, and they contain a higher proportion of
material that weighs less than 5400 Da. The potency ratio of anti–factor Xa to anti–factor IIa for
LMWH products is greater than 1.5. This chapter describes assay procedures for the measurement
of anti-factor Xa and anti–factor IIa activity of LMWH heparin in the presence of AT.
In the test system, heparin is bound to AT, and factor IIa or factor Xa added to the mixture binds
to the heparin–AT complex. The residual factor IIa or factor Xa not inhibited by the heparin–AT
complex is quantified by a chromogenic substrate that is specific for either factor IIa or factor Xa
and is added in the final step. Analysts note an inverse relationship wherein more color is
produced by more residual enzyme, which equates to less heparin activity.
As for any enzymatic assay, temperature and timing of the reaction, proper handling of the
reagents, and the order in which the reagents are added are critical to the optimal performance of
the assay.
ANTI–FACTOR Xa AND ANTI–FACTOR IIa ASSAYS FOR UNFRACTIONATED HEPARIN
Anti–Factor Xa Activity for UFH
The following procedure is used where specified in the individual monographs. This assay can be
performed manually in plastic tubes utilizing heated block stations or water bath. Microtiter plate
equipment with a reader and automated coagulometer can improve reproducibility and throughput.
pH 8.4 buffer: Dissolve amounts of tris(hydroxymethyl)aminomethane, edetic acid or edetate
sodium, and sodium chloride in water containing 0.1% of polyethylene glycol 6000 to obtain
solutions having concentrations of 0.050 M, 0.0075 M, and 0.175 M, respectively. Adjust, if
necessary, with hydrochloric acid or sodium hydroxide solution to a pH of 8.4.
Antithrombin solution: Reconstitute a vial of antithrombin (see Reagents, Indicators, and
Solutions—Reagent Specifications) as directed by the manufacturer, and further dilute with pH 8.4
buffer to obtain a solution having a concentration of 1.0 Antithrombin IU/mL.
Factor Xa solution: Reconstitute bovine factor Xa as directed by the manufacturer (see Factor
Xa in Reagents, Indicators, and Solutions—Reagent Specifications), and further dilute in pH 8.4
buffer to obtain a solution that gives an absorbance value of 0.65–1.25 at 405 nm when assayed
as described below but using 30 µL of pH 8.4 buffer instead of 30 µL of the Standard solutions or
the Sample solutions. [Note—Factor Xa solution contains about 3 nanokatalytic units/mL but can
vary depending on the manufacturer of factor Xa or the substrate used. ]
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Chromogenic substrate solution: Prepare a solution of a suitable chromogenic substrate for
amidolytic test (see Reagents, Indicators, and Solutions—Reagent Specifications) specific for
factor Xa in water to obtain a concentration of 1 mM.
Stopping solution: 20% (v/v) solution of acetic acid
Standard solutions: Reconstitute the entire contents of an ampule of USP Heparin Sodium for
Assays RS with water, and dilute with pH 8.4 buffer to obtain at least 5 dilutions in the
concentration range of 0.03–0.375 USP Heparin Units/mL.
Sample solutions: Dissolve or dilute an accurately measured quantity of Heparin Sodium in pH
8.4 buffer, and dilute with the same buffer to obtain solutions having activities approximately
equal to those of the Standard solutions.
Analysis: [Note—The procedure also can be performed using alternative platforms. Perform the
test with each Standard solution and Sample solution in duplicate. ]
To each of a series of suitable plastic tubes placed in a water bath set at 37 , transfer 120 µL of
pH 8.4 buffer. Then separately transfer 30 µL of the different dilutions of the Standard solutions
or the Sample solutions to the tubes. Add 150 µL of Antithrombin solution, prewarmed at 37 for
15 min, to each tube, mix, and incubate for 2 min. Add 300 µL of Factor Xa solution, prewarmed
at 37 for 15 min, to each tube, mix, and incubate for 2 min. Add 300 µL of Chromogenic
substrate solution, prewarmed at 37 for 15 min, to each tube, mix, and incubate for exactly 2
min. Add 150 µL of Stopping solution to each tube, and mix. Prepare a blank for zeroing the
spectrophotometer by adding the reagents in reverse order, starting with the Stopping solution
and ending with the addition of 150 µL of pH 8.4 buffer, and excluding the Standard solutions or
the Sample solutions. Record the absorbance at 405 nm against the blank. The volume of the
reactants can be increased or decreased to suit the assay format provided that the proportions
of the reference sample or the test sample and the reagents are kept the same.
Calculations: Plot the log of the absorbance values of the Standard solutions and the Sample
solutions vs. heparin concentrations in USP Units. Calculate the activity of heparin sodium in USP
Units/mg using statistical methods for slope ratio assays. Calculate the anti–factor Xa activity of
heparin sodium:
A × (ST /SS)
A = the potency of USP Heparin Sodium for Assays RS
ST = slope of the line for the Sample solutions
SS = slope of the line for the Standard solutions
Express the anti–factor Xa activity of the Sample solution as USP Heparin Units/mg, calculated on
the dried basis. Calculate the ratio of anti–factor Xa activity against anti–factor IIa potency (see
Assay below):
anti–factor Xa activity/anti–factor IIa potency
Acceptance criteria: 0.9–1.1
Anti–Factor IIa Activity for Unfractionated Heparin
pH 8.4 buffer: Dissolve 6.10 g of tris(hydroxymethyl)aminomethane, 10.20 g of sodium chloride,
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2.80 g of edetate sodium, and, if suitable, 0–10.00 g of polyethylene glycol 6000 and/or 2.00 g of
bovine serum albumin in 800 mL of water. [Note—2.00 g of human albumin may be substituted for
2.00 g of bovine serum albumin. ] Adjust with hydrochloric acid to a pH of 8.4, and dilute with
water to 1000 mL.
Antithrombin solution: Reconstitute a vial of antithrombin (see Reagents, Indicators, and
Solutions—Reagent Specifications) in water to obtain a solution of 5 Antithrombin IU/mL. Dilute
this solution with pH 8.4 buffer to obtain a solution having a concentration of 0.125 Antithrombin
IU/mL.
Thrombin human solution: Reconstitute thrombin human (factor IIa) (see Reagents, Indicators,
and Solutions—Reagent Specifications) in water to obtain a solution of 20 Thrombin IU/mL, and
dilute with pH 8.4 buffer to obtain a solution having a concentration of 5 Thrombin IU/mL. [Note
—The thrombin should have a specific activity of NLT 750 IU/mg. ]
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic thrombin
substrate for amidolytic test (see Reagents, Indicators, and Solutions—Reagent Specifications) in
water to obtain a concentration of 1.25 mM.
Stopping solution: 20% (v/v) solution of acetic acid
Standard solutions: Reconstitute the entire contents of an ampule of USP Heparin Sodium for
Assays RS with water, and dilute with pH 8.4 buffer to obtain at least four dilutions in the
concentration range of 0.005–0.03 USP Heparin Unit/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain concentrations of
Heparin Sodium similar to those obtained for the Standard solutions.
Analysis: [Note—The procedure also can be performed using alternative platforms. ] For each
dilution of the Standard solutions and the Sample solutions, at least duplicate samples should be
tested. Label a suitable number of tubes depending on the number of replicates that will be
tested. For example, if five blanks will be used: B1, B2, B3, B4, and B5 for the blanks; T1, T2, T3,
and T4 each at least in duplicate for the dilutions of the Sample solutions; and S1, S2, S3, and
S4 each at least in duplicate for the dilutions of the Standard solutions. Distribute the blanks over
the series in such a way that they accurately represent the behavior of the reagents during the
experiments. [Note—Treat the tubes in the order B1, S1, S2, S3, S4, B2, T1, T2, T3, T4, B3, T1,
T2, T3, T4, B4, S1, S2, S3, S4, B5. ] Note that after each addition of a reagent, the incubation
mixture should be mixed without allowing bubbles to form. Add twice the volume (100–200 µL) of
Antithrombin solution to each tube containing one volume (50–100 µL) of either the pH 8.4 buffer
or an appropriate dilution of the Sample solutions or the Standard solutions. Mix, but do not allow
bubbles to form. Incubate at 37 for at least 1 min. Add to each tube 25–50 µL of Thrombin
human solution, and incubate for at least 1 min. Add 50–100 µL of Chromogenic substrate
solution. Note that all reagents, Standard solutions, and Sample solutions should be prewarmed to
37 just before use. The volume of the reactants can be increased or decreased to suit the assay
format provided that the proportions of the reference sample or the test sample and the reagents
are kept the same.
Two different types of measurements can be recorded:
1. Endpoint Measurement: Stop the reaction after at least 1 min with 50–100 µL of Stopping
solution. Measure the absorbance of each solution at 405 nm using a suitable
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spectrophotometer (see Spectrophotometry and Light-Scattering 851 ). The RSD over
the blank readings is less than 10%.
2. Kinetic Measurement: Follow the change in absorbance for each solution over 1 min at 405
nm using a suitable spectrophotometer (see Spectrophotometry and Light-Scattering
851 ). Calculate the change in absorbance/min (DOD/min). The blanks for kinetic
measurement are also expressed as DOD/min and should give the highest values because
they are carried out in the absence of heparin. The RSD over the blank readings is less
than 10%.
Calculations: The statistical models for Slope ratio assay or Parallel-line assay can be used
depending on which model best describes the correlation between concentration and response.
Slope ratio assay: For each series, calculate the regression of the log absorbance or the log
change in absorbance/min against concentrations of the Sample solutions and of the Standard
solutions, and calculate the potency of heparin sodium in USP Units/mL using statistical methods
for slope ratio assays. Express the potency of heparin sodium/mg, calculated on the dried basis.
Parallel-line assay: For each series, calculate the regression of the absorbance or change in
absorbance/min against log concentrations of the Sample solutions and the Standard solutions,
and calculate the potency of heparin sodium in USP Units/mL using statistical methods for parallelline assays. Express the potency of heparin sodium/mg, calculated on the dried basis.
Acceptance criteria: The potency of heparin sodium, calculated on the dried basis, is NLT 180
USP Heparin Units in each mg.
USP Reference Standards

11 : USP Heparin Sodium for Assays RS

ANTI–FACTOR Xa AND ANTI–FACTOR IIa ASSAYS FOR LOW MOLECULAR WEIGHT HEPARINS
The following procedure is used where specified in the individual monographs. This assay can be
performed manually in plastic tubes utilizing heated block stations or water bath. Microtiter plate
equipment with a reader and automated coagulometer can improve reproducibility and throughput.
Acetic acid solution (stopping solution) is used for manual and microtiter plate assay. Automated
coagulometers measure initial kinetic rate, and because of that, stopping of the reaction is not
needed.
Anti–Factor Xa Activity for Low Molecular Weight Heparin
Acetic acid solution: Glacial acetic acid and water (42:58)
pH 7.4 polyethylene glycol 6000 buffer: Dissolve 6.08 g of tris(hydroxymethyl)aminomethane
and 8.77 g of sodium chloride in 500 mL of water. Add 1.0 g of polyethylene glycol 6000 or 10.0 g
of bovine serum albumin, adjust with hydrochloric acid to pH 7.4, and dilute with water to 1000
mL.
pH 7.4 buffer: Dissolve 6.08 g of tris(hydroxymethyl)aminomethane and 8.77 g of sodium chloride
in 500 mL of water. Adjust with hydrochloric acid to pH 7.4, and dilute with water to 1000 mL.
pH 8.4 buffer: Dissolve 3.03 g of tris(hydroxymethyl)aminomethane, 5.12 g of sodium chloride,
and 1.40 g of edetate sodium in 250 mL of water. Adjust with hydrochloric acid to a pH of 8.4,
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and dilute with water to 500 mL.
Human antithrombin solution: Reconstitute a vial of human antithrombin (see Reagents,
Indicators, and Solutions—Reagent Specifications) in water to obtain a solution containing 5
Antithrombin Units per mL. Dilute this solution with pH 7.4 polyethylene glycol 6000 buffer to
obtain a solution having a concentration of 1.0 Antithrombin Unit/mL.
Factor Xa solution: Reconstitute an accurately weighed quantity of bovine factor Xa (see
Reagents, Indicators, and Solutions—Reagent Specifications) as directed by the manufacturer's
instructions. Further dilute the stock solution with pH 7.4 polyethylene glycol 6000 buffer to
obtain a solution that gives an increase in absorbance value at 405 nm of NMT 0.20 absorbance
units/min or 0.8 absorbance units after 4 min of incubation with the chromogenic substrate when
assayed as described below but using as an appropriate volume, V, the volume in µL of pH 7.4
buffer instead of V µL of the standard or the sample solution.
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic substrate for
amidolytic test (see Reagents, Indicators, and Solutions—Reagent Specifications) for factor Xa in
water to obtain a concentration of about 3 mM. Dilute with substrate pH 8.4 buffer to obtain a
solution having a concentration of 0.5 mM. [Note—Preheat reagents to 37 ± 1 15 min before use.
]
Standard solutions: Reconstitute and dilute the entire contents of an ampule of USP Low
Molecular Weight Heparin for Bioassays RS with distilled water and then further dilute with pH 7.4
buffer to obtain at least four dilutions in the concentration range of 0.025–0.2 USP anti–factor Xa
Units/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain concentrations of LMWH
similar to those obtained for the Standard solutions.
Analysis
Samples: Standard solutions, Sample solutions, Human antithrombin solution, pH 7.4 buffer,
Factor Xa solution, Chromogenic substrate solution, and Acetic acid solution.
Label 18 suitable tubes: B1 and B2 for blanks; T1, T2, T3, and T4 each in duplicate for the
dilutions of the Sample solutions; and S1, S2, S3, and S4 each in duplicate for the dilutions of the
Standard solutions. [Note—Treat the tubes in the order B1, S1, S2, S3, S4, T1, T2, T3, T4, T1,
T2, T3, T4, S1, S2, S3, S4, B2. ] To each tube add 50 µL of Human antithrombin solution and an
equal volume, V, of either the blank, pH 7.4 buffer, or an appropriate dilution of the Sample
solutions or the Standard solutions. Mix, but do not allow bubbles to form. Incubate at 37 for 1.0
min. Add to each tube 100 µL of Factor Xa solution, and incubate for 1.0 min. Add 250 µL of
Chromogenic substrate solution. Stop the reaction after about 4.0 min with 250 µL of Acetic acid
solution. Measure the absorbance of each solution at 405 nm using a suitable spectrophotometer
(see Spectrophotometry and Light-Scattering 851 ). Use quartz or disposable polystyrene
cuvettes. The volume of the reactants can be increased or decreased to suit the assay format
provided that the proportions of the reference sample or the test sample and the reagents are
kept the same.
System suitability: The assay is valid if the following requirements are met:
1. A blank solution gives an increase in absorbance value at 405 nm of NMT 0.20 absorbance
units/min (or 0.8 absorbance units in total) when assayed using an appropriate volume (50
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µL) of pH 7.4 buffer instead of 50 µL of the Standard solution or the Sample solution.
2. The reading of the blank B2 is not more than ±0.05 absorbance units against blank B1.
3. All potency ratios must be in the range of 0.8–1.2. If this criterion is not met, the
particular sample dilutions are not in the dose range of the standard dilutions. In this case,
different sample dilutions must be prepared and assayed.
Calculations: For this bioassay, parallel-line or slope ratio analysis can be applied.
Calculate the potency of the test sample in USP anti–factor Xa Unit/mL, using a statistical model
for parallel assays, plotting absorbance against log concentrations of the Sample solutions and of
the Standard solutions. In some cases, log transformation of absorbance may be needed to obtain
linearity for the dose–response curves. The assay is valid when the data fulfill the acceptance
criteria for regression, linearity, and parallelism as required for parallel line assay. For slope ratio
analysis, plot absorbance against concentrations of Sample solutions and of the Standard
solutions. In some cases, log transformation of absorbance may be needed to obtain linearity for
the dose–response curves. The assay is valid when the data fulfill the acceptance criteria for
regression, linearity, and common intercept as required for slope ratio assay (see Design and
Analysis of Biological Assays 111 and Analysis of Biological Assays 1034 ).
Express the anti–factor Xa activity of sample/mg, calculated on the dried basis:
Anti–factor Xa USP Unit/mg = [standard potency (USP Unit/mL) × potency ratio] × 100 sample
concentration (mg/mL) × (100

loss on drying)

Anti–Factor IIa Activity for Low Molecular Weight Heparin
Acetic acid solution, pH 7.4 buffer, pH 8.4 buffer, and Human antithrombin solution:
Proceed as directed in the Anti–Factor Xa Activity, except that the concentration of the Human
antithrombin solution is 0.5 Antithrombin Unit/mL.
Thrombin human solution: Reconstitute thrombin (see Reagents, Indicators, and Solutions—
Reagent Specifications) in water, and dilute in pH 7.4 polyethylene glycol 6000 buffer to obtain a
solution having a concentration of 5 Thrombin Units/mL. Use the Human thrombin solution
immediately after preparation.
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic substrate for the
amidolytic test (see Reagents, Indicators, and Solutions—Reagent Specifications) for thrombin in
water to obtain a concentration of about 3 mM. Dilute immediately before use with pH 8.4 buffer
to 0.5 mM.
Standard solutions: Reconstitute and dilute the entire contents of an ampule of USP Low
Molecular Weight Heparin for Bioassays RS with distilled water, and further dilute with pH 7.4
buffer to obtain at least four dilutions having concentrations in the range of 0.015–0.075 USP Unit
of anti–factor IIa activity/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain concentrations of LMWH
similar to those obtained for the Standard solutions.
Procedure: Proceed as directed under Anti–Factor Xa Activity, but use Thrombin solution instead
of Factor Xa solution and use the Human antithrombin solution as described above.
System suitability: The assay is valid if the following requirements are met:
1. The reading of blank B2 is NMT ±0.05 absorbance units against blank B1.
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2. In the case of parallel-line analysis, all potency ratios must be in the range of 0.8–1.2. If
this criterion is not met, the particular sample dilutions are not in the dose range of the
standard dilutions. In this case, different sample dilutions must be prepared and assayed.
Calculations: Proceed as directed for calculation of Anti–Factor Xa Activity.
USP Reference Standards

11 : USP Low Molecular Weight Heparin for Bioassays RS

1S (USP36)
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RESIDUAL SOLVENTS
INTRODUCTION

This general chapter applies to existing drug substances, excipients, and products. All substances
and products are subject to relevant control of solvents likely to be present in a substance or
product.
Where the limits to be applied comply with those given below, tests for residual solvents are not
generally mentioned in specific monographs, because the solvents employed may vary from one
manufacturer to another.
The objective of this general chapter is to provide acceptable amounts of residual solvents in
pharmaceuticals for the safety of the patient. The chapter recommends the use of less toxic
solvents and describes levels considered to be toxicologically acceptable for some residual
solvents.
For pharmacopeial purposes, residual solvents in pharmaceuticals are defined as organic volatile
chemicals that are used or produced in the manufacture of drug substances or excipients, or in
the preparation of drug products. The residual solvents are not completely removed by practical
manufacturing techniques. Appropriate selection of the solvent for the synthesis of a drug
substance or an excipient may enhance the yield, or determine characteristics such as crystal
form, purity, and solubility. Therefore, the solvent may sometimes be a critical element in the
synthetic process. This general chapter does not address solvents deliberately used as excipients,
nor does it address solvates. However, the content of solvents in such products should be
evaluated and justified.
Because residual solvents do not provide therapeutic benefit, they should be removed, to the
extent possible, to meet ingredient and product specifications, good manufacturing practices, or
other quality-based requirements. Drug products should contain no higher levels of residual
solvents than can be supported by safety data. Solvents that are known to cause unacceptable
toxicities (Class 1, Table 1) should be avoided in the production of drug substances, excipients, or
drug products unless their use can be strongly justified in a risk-benefit assessment. Solvents
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associated with less severe toxicity (Class 2, Table 2) should be limited in order to protect
patients from potential adverse effects. Ideally, less toxic solvents (Class 3, Table 3) should be
used where practical. The complete list of solvents included in this general chapter is given in
Appendix 1. These tables and the list are not exhaustive. For the purposes of this Pharmacopeia,
when a manufacturer has received approval from a competent regulatory authority for the use of
a new solvent not currently listed in this general chapter, it is the responsibility of that
manufacturer to notify the USP regarding the identity of this solvent, the approved residual
solvent limit in the article, and the appropriate test procedure for this residual solvent in the
article. The USP will then address this topic in the individual monograph. When a new solvent has
been approved through the ICH process, it will be added to the appropriate list in this general
chapter. At that time, consideration will be given for removal of the specific solvent test
requirement in the individual monograph.
Testing of drug substances, excipients, and drug products for residual solvents should be
performed when production or purification processes are known to result in the presence of such
residual solvents. It is only necessary to test for residual solvents that are used or produced in
the manufacture or purification of drug substances, excipients, or products.
Although manufacturers may choose to test the drug product, a cumulative procedure may be
used to calculate the residual solvent levels in the drug product from the levels in the ingredients
used to produce the drug product. If the calculation results in a level equal to or below that
provided in this general chapter, no testing of the drug product for residual solvents need be
considered. If, however, the calculated level is above the recommended level, the drug product
should be tested to ascertain whether the formulation process has reduced the relevant solvent
level to within the acceptable amount. A drug product should also be tested if a residual solvent
is used during its manufacture.
For the purposes of this Pharmacopeia, when a manufacturer has received approval from a
competent regulatory authority for a higher level of residual solvent, it is the responsibility of that
manufacturer to notify the USP regarding the identity of this solvent and the approved residual
solvent limit in the article. The USP will then address this topic in the individual monograph.
See Appendix 2 for additional background information related to residual solvents.
CLASSIFICATION OF RESIDUAL SOLVENTS BY RISK ASSESSMENT
The term tolerable daily intake (TDI) is used by the International Program on Chemical Safety
(IPCS) to describe exposure limits of toxic chemicals, and the term acceptable daily intake (ADI)
is used by the World Health Organization (WHO) and other national and international health
authorities and institutes. The term permitted daily exposure (PDE) is defined as a
pharmaceutically acceptable intake of residual solvents to avoid confusion of differing values for
ADIs of the same substance.
Residual solvents assessed in this general chapter are listed in Appendix 1 by common names and
structures. They were evaluated for their possible risk to human health and placed into one of
three classes as follows:
Residual
Solvent
Class

Assessment
Solvents to be avoided
Known human carcinogens

Class 1
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Strongly suspected human carcinogens
Environmental hazards
Solvents to be limited
Nongenotoxic animal carcinogens or possible causative agents of other irreversible
toxicity, such as neurotoxicity or teratogenicity
Solvents suspected of other significant but reversible toxicities
Solvents with low toxic potential
Solvents with low toxic potential to humans; no health-based exposure limit is
needed [Note—Class 3 residual solvents have PDEs of 50 mg or more per day.* ]

* For residual solvents with PDEs of more than 50 mg per day, see the discussion in the section
Class 3 under Limits of Residual Solvents.
METHODS FOR ESTABLISHING EXPOSURE LIMITS
The method used to establish PDEs for residual solvents is presented in Appendix 3.
For articles that are designated “for veterinary use only”, higher levels for the PDE and
concentration limit may be justified in exceptional cases based upon the actual daily dose, actual
target species, and relevant toxicological data and considering consumer safety impact. For the
purpose of this Pharmacopeia, when a manufacturer has received approval from a competent
regulatory authority for a higher limit, it is the responsibility of that manufacturer to notify the
USP regarding the approved residual solvent limit in the article and the justification. The USP will
then address this topic in the individual monograph.
OPTIONS FOR DESCRIBING LIMITS OF CLASS 2 RESIDUAL SOLVENTS
Two options are available when setting limits for Class 2 residual solvents.
Option 1
The concentration limits in ppm stated in Table 2 are used. They were calculated using the
equation below by assuming a product weight of 10 g administered daily.
Concentration (ppm) = (1000 µg/mg × PDE)/dose
Here, PDE is given in terms of mg per day, and dose is given in g per day.
These limits are considered acceptable for all drug substances, excipients, and drug products.
Therefore, this option may be applied if the daily dose is not known or fixed. If all drug substances
and excipients in a formulation meet the limits given in Option 1, these components may be used
in any proportion. No further calculation is necessary, provided that the daily dose does not
exceed 10 g. Products that are administered in doses greater than 10 g per day are to be
considered under Option 2.
Option 2
It is not necessary for each component of the drug product to comply with the limits given in
Option 1. The PDE in terms of mg per day as stated in Table 2 can be used with the known
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maximum daily dose and the equation above to determine the concentration of residual solvent
allowed in a drug product. Such limits are considered acceptable, provided that it has been
demonstrated that the residual solvent has been reduced to the practical minimum. The limits
should be realistic in relation to analytical precision, manufacturing capability, and reasonable
variation in the manufacturing process. The limits should also reflect contemporary manufacturing
standards.
Option 2 may be applied by adding the amounts of a residual solvent present in each of the
components of the drug product. The sum of the amounts of solvent per day should be less than
that given by the PDE.
Consider an example of the application of Option 1 and Option 2 to acetonitrile concentration in a
drug product. The permitted daily exposure to acetonitrile is 4.1 mg per day; thus, the Option 1
limit is 410 ppm. The maximum administered daily weight of a drug product is 5.0 g, and the drug
product contains two excipients. The composition of the drug product and the calculated
maximum content of residual acetonitrile are given in the following table.

Component
Drug substance
Excipient 1
Excipient 2
Drug product

Amount in
Formulation
(g)
0.3
0.9
3.8
5.0

Acetonitrile
Content
(ppm)
800
400
800
728

Daily
Exposure
(mg)
0.24
0.36
3.04
3.64

Excipient 1 meets the Option 1 limit, but the drug substance, excipient 2, and drug product do not
meet the Option 1 limit. Nevertheless, the drug product meets the Option 2 limit of 4.1 mg per day
and thus conforms to the acceptance criteria in this general chapter.
Consider another example, using acetonitrile as the residual solvent. The maximum administered
daily weight of a drug product is 5.0 g, and the drug product contains two excipients. The
composition of the drug product and the calculated maximum content of residual acetonitrile are
given in the following table.

Component
Drug substance
Excipient 1
Excipient 2
Drug product

Amount in
Formulation
(g)
0.3
0.9
3.8
5.0

Acetonitrile
Content
(ppm)
800
2000
800
1016

Daily
Exposure
(mg)
0.24
1.80
3.04
5.08

In this example, the drug product meets neither the Option 1 nor the Option 2 limit according to
this summation. The manufacturer could test the drug product to determine whether the
formulation process reduced the level of acetonitrile. If the level of acetonitrile was not reduced
to the allowed limit during formulation, the product fails to meet the solvent limits as described in
this chapter, and the manufacturer of the drug product should take other steps to reduce the
amount of acetonitrile in the drug product. In some instances, the manufacturer may have
received approval from a competent regulatory authority for such a higher level of residual
solvent. If this is the case, it is the responsibility of that manufacturer to notify the USP regarding
the identity of this solvent and the approved residual solvent limit in the article. The USP will then
address this topic in the individual monograph.
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ANALYTICAL PROCEDURES
Residual solvents are typically determined using chromatographic techniques such as gas
chromatography. Compendial methods for testing for residual solvent content are described under
the section Identification, Control, and Quantification of Residual Solvents in this general chapter.
The General Notices discuss the use of other methods in special circumstances (see 6.30.
Alternative and Harmonized Methods and Procedures). If Class 3 solvents are present, a
nonspecific method such as loss on drying may be used.
REPORTING LEVELS OF RESIDUAL SOLVENTS
Manufacturers of pharmaceutical products need certain information about the content of residual
solvents in drug substances or excipients in order to meet the criteria of this general chapter. The
following statements are given as acceptable examples of the information that could be provided
from a supplier of drug substances or excipients to a pharmaceutical manufacturer. The supplier
might choose one of the following as appropriate:
Only Class 3 solvents are likely to be present. Loss on drying is less than 0.5%.
Only Class 2 solvents X, Y, ... are likely to be present. All are below the Option 1 limit.
(Here the supplier would name the Class 2 solvents represented by X, Y, ...)
Only Class 2 solvents X, Y, ... and Class 3 solvents are likely to be present. Residual Class
2 solvents are below the Option 1 limit, and residual Class 3 solvents are below 0.5%.
The phrase “likely to be present”, as used in the above examples, refers to the solvent used or
produced in the final manufacturing step and to solvents that are used or produced in earlier
manufacturing steps and not removed consistently by a validated process.
If Class 1 solvents are likely to be present, they should be identified and quantified. If solvents of
Class 2 or 3 are present at greater than their Option 1 limits or 0.5%, respectively, they should be
identified and quantified.
Change to read:
LIMITS OF RESIDUAL SOLVENTS
USP35

Class 1 (solvents to be avoided)
Class 1 residual solvents (Table 1) should not be employed in the manufacture of drug
substances, excipients, and drug products because of the unacceptable toxicities or deleterious
environmental effects of these residual solvents. However, if their use in order to produce a
medicinal product with a significant therapeutic advance is unavoidable, their levels should be
restricted as shown in Table 1, unless otherwise stated in the individual monograph. The solvent
1,1,1-trichloroethane is included in Table 1 because it is an environmental hazard. The stated limit
of 1500 ppm is based on a review of safety data.
When Class 1 residual solvents are used or produced in the manufacture or purification of a drug
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substance, excipient, or drug product and are not removed by the process, these solvents should
be identified and quantified. The procedures described in the section Identification, Control, and
Quantification of Residual Solvents in this general chapter are to be applied wherever possible.
Otherwise, an appropriate validated procedure is to be employed.
Table 1. Class 1 Residual Solvents
(Solvents that should be avoided)
Concentration
Solvent
Limit (ppm)
Concern
Benzene
2
Carcinogen
Carbon tetrachloride
4
Toxic and environmental hazard
1,2-Dichloroethane
5
Toxic
1,1-Dichloroethene
8
Toxic
Environmental
1,1,1-Trichloroethane
1500
hazard
Class 2
Class 2 residual solvents (Table 2) should be limited in drug substances, excipients, and drug
products because of the inherent toxicities of the residual solvents. PDEs are given to the nearest
0.1 mg per day, and concentrations are given to the nearest 10 ppm. The stated values do not
reflect the necessary analytical precision of the determination procedure. Precision should be
determined as part of the procedure validation.
If Class 2 residual solvents are present at greater than their Option 1 limits, they should be
identified and quantified. The procedures described in the section Identification, Control, and
Quantification of Residual Solvents in this general chapter are to be applied wherever possible.
Otherwise an appropriate validated procedure is to be employed. [Note—The following Class 2
residual solvents are not readily detected by the headspace injection conditions described in the
section Identification, Control, and Quantification of Residual Solvents in this general chapter:
formamide, 2-ethoxyethanol, 2-methoxyethanol, ethylene glycol, N-methylpyrrolidone, and
sulfolane. Other appropriate validated procedures are to be employed for the quantification of
these residual solvents. Such procedures shall be submitted to the USP for review and possible
inclusion in the relevant individual monograph. In addition, USP Residual Solvent Class 2—Mixture C
RS can be used to develop an alternative procedure. ]
Table 2. Class 2 Residual Solvents
PDE
Concentration
Solvent
(mg/day)
Limit (ppm)
Acetonitrile
4.1
410
Chlorobenzene
3.6
360
Chloroform
0.6
60
Cumene
0.7
70 1S (USP36)
Cyclohexane
38.8
3880
1,2-Dichloroethene
18.7
1870
1,2-Dimethoxyethane
1.0
100
N,N-Dimethylacetamide
10.9
1090
N,N-Dimethylformamide
8.8
880
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1,4-Dioxane
3.8
380
2-Ethoxyethanol
1.6
160
Ethylene glycol
6.2
620
Formamide
2.2
220
Hexane
2.9
290
Methanol
30.0
3000
2-Methoxyethanol
0.5
50
Methylbutylketone
0.5
50
Methylcyclohexane
11.8
1180
Methylene chloride
6.0
600
N-Methylpyrrolidone
5.3
530
Nitromethane
0.5
50
Pyridine
2.0
200
Sulfolane
1.6
160
Tetrahydrofuran
7.2
720
Tetralin
1.0
100
Toluene
8.9
890
Trichloroethylene
0.8
80
*
Xylene
21.7
2170
* Usually 60% m-xylene, 14% p-xylene, 9% o-xylene with 17% ethyl benzene.
Class 3
Class 3 residual solvents (Table 3) may be regarded as less toxic and of lower risk to human
health than Class 1 and Class 2 residual solvents. Class 3 includes no solvent known as a human
health hazard at levels normally accepted in pharmaceuticals. However, there are no long-term
toxicity or carcinogenicity studies for many of the residual solvents in Class 3. Available data
indicate that they are less toxic in acute or short-term studies and negative in genotoxicity
studies.
It is considered that amounts of these residual solvents of 50 mg per day or less (corresponding
to 5000 ppm or 0.5% under Option 1) would be acceptable without justification. Higher amounts
may also be acceptable, provided that they are realistic in relation to manufacturing capability
and good manufacturing practice. For the purposes of this Pharmacopeia, when a manufacturer
has received approval from a competent regulatory authority for such a higher level of residual
solvent, it is the responsibility of that manufacturer to notify the USP regarding the identity of
this solvent and the approved residual solvent limit in the article. The USP will then address this
topic in the individual monograph. If a Class 3 solvent limit in an individual monograph is greater
than 50 mg per day, that residual solvent should be identified and quantified. The procedures
described in the section Identification, Control, and Quantification of Residual Solvents in this
general chapter, with appropriate modifications to the standard solutions, are to be applied
wherever possible. Otherwise, an appropriate validated procedure is to be employed.
Table 3. Class 3 Residual Solvents
(Limited by GMP or other quality-based requirements in drug substances, excipients, and drug
products)
Acetic acid
Heptane
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Acetone
Isobutyl acetate
Anisole
Isopropyl acetate
1-Butanol
Methyl acetate
2-Butanol
3-Methyl-1-butanol
Butyl acetate
Methylethylketone
tert-Butylmethyl ether Methylisobutylketone
Cumene
2-Methyl-1-propanol
1S (USP36)
Dimethyl sulfoxide
Pentane
Ethanol
1-Pentanol
Ethyl acetate
1-Propanol
Ethyl ether
2-Propanol
Ethyl formate
Propyl acetate
Formic acid
Other Residual Solvents
The residual solvents listed in Table 4 may also be of interest to manufacturers of drug
substances, excipients, or drug products. However, no adequate toxicological data on which to
base a PDE was found.
Table 4. Other Residual Solvents
(For which no adequate toxicological data was found)
1,1-Diethoxypropane Methyl isopropyl ketone
1,1-Dimethoxymethane Methyltetrahydrofuran
2,2-Dimethoxypropane Solvent hexane
Isooctane
Trichloroacetic acid
Isopropyl ether
Trifluoroacetic acid
IDENTIFICATION, CONTROL, AND QUANTIFICATION OF RESIDUAL SOLVENTS
Whenever possible, the substance under test needs to be dissolved to release the residual
solvent. Because the USP deals with drug products, as well as active ingredients and excipients,
it may be acceptable that in some cases, some of the components of the formulation will not
dissolve completely. In those cases, the drug product may first need to be pulverized into a fine
powder so that any residual solvent that may be present can be released. This operation should
be performed as fast as possible to prevent the loss of volatile solvents during the procedure.
[Note—The organic-free water specified in the following procedures produces no significantly
interfering peaks when chromatographed. ]
Class 1 and Class 2 Residual Solvents
The following procedures are useful to identify and quantify residual solvents when the information
regarding which solvents are likely to be present in the material is not available. When the
information about the presence of specific residual solvents is available, only Procedure C is
needed to quantify the amount of residual solvents present. A flow diagram for the application of
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the residual solvent limit tests is shown in Figure 1.

Figure 1. Diagram relating to the identification of residual solvents and the application of limit
tests.
WATER-SOLUBLE ARTICLES
Procedure A—
Class 1 Standard Stock Solution—[Note—When transferring solutions, place the tip of the pipet
just below the surface of the liquid, and mix. ] Transfer 1.0 mL of USP Class 1 Residual Solvents
Mixture RS to a 100-mL volumetric flask, previously filled with about 9 mL of dimethyl sulfoxide,
dilute with water to volume, and mix. Transfer 1.0 mL of this solution to a 100-mL volumetric
flask, previously filled with about 50 mL of water, dilute with water to volume, and mix. Transfer
10 mL of this solution to a 100-mL volumetric flask, previously filled with about 50 mL of water,
dilute with water to volume, and mix.
Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard Stock Solution to an appropriate
headspace vial containing 5.0 mL of water (place the tip of the pipet just below the surface of
the liquid for dispensing), apply the stopper, cap, and mix.
Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Residual Solvents Class 2—Mixture A RS
to a 100-mL volumetric flask, dilute with water to volume, and mix. This is Class 2 Standard Stock
Solution A. Transfer 1.0 mL of USP Residual Solvents Class 2—Mixture B RS to a 100-mL volumetric
flask, dilute with water to volume, and mix. This is Class 2 Standard Stock Solution B.
Class 2 Mixture A Standard Solution—Transfer 1.0 mL of Class 2 Standard Stock Solution A to an
appropriate headspace vial, add 5.0 mL of water, apply the stopper, cap, and mix.
Class 2 Mixture B Standard Solution—Transfer 5.0 mL of Class 2 Standard Stock Solution B to an
appropriate headspace vial, add 1.0 mL of water, apply the stopper, cap, and mix.
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Test Stock Solution—Transfer about 250 mg of the article under test, accurately weighed, to a
25-mL volumetric flask, dissolve in and dilute with water to volume, and mix.
Test Solution—Transfer 5.0 mL of Test Stock Solution to an appropriate headspace vial, add 1.0
mL of water, apply the stopper, cap, and mix.
Class 1 System Suitability Solution—Transfer 1.0 mL of Class 1 Standard Stock Solution to an
appropriate headspace vial, add 5.0 mL of Test Stock Solution, apply the stopper, cap, and mix.
Chromatographic System (see Chromatography 621 )—The gas chromatograph is equipped
with a flame-ionization detector and a 0.32-mm × 30-m fused-silica column coated with a 1.8-µm
layer of phase G43 or a 0.53-mm × 30-m wide-bore column coated with a 3.0-µm layer of phase
G43. The carrier gas is nitrogen or helium with a linear velocity of about 35 cm/s, and a split ratio
of 1:5. [Note—The split ratio can be modified in order to optimize sensitivity. ] The column
temperature is maintained at 40 for 20 min, then raised at a rate of 10 per min to 240 , and
maintained at 240 for 20 min. The injection port and detector temperatures are maintained at
140 and 250 , respectively. Chromatograph the Class 1 Standard Solution, Class 1 System
Suitability Solution, and Class 2 Mixture A Standard Solution, and record the peak responses as
directed for Procedure: the signal-to-noise ratio of 1,1,1-trichloroethane in the Class 1 Standard
Solution is NLT 5; the signal-to-noise ratio of each peak in the Class 1 System Suitability Solution
is NLT 3; and the resolution, R, between acetonitrile and methylene chloride in the Class 2 Mixture
A Standard Solution is NLT 1.0.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (following one of the
headspace operating parameter sets described in Table 5) equal volumes of headspace (about 1.0
mL) of the Class 1 Standard Solution, Class 2 Mixture A Standard Solution, Class 2 Mixture B
Standard Solution, and Test Solution into the chromatograph, record the chromatograms, and
measure the responses for the major peaks. If a peak response of any peak, other than a peak for
1,1,1-trichloroethane, in the Test Solution is greater than or equal to a corresponding peak in
either the Class 1 Standard Solution or either of the two Class 2 Mixture Standard Solutions, or a
peak response of 1,1,1-trichloroethane is greater than or equal to 150 times the peak response
corresponding to 1,1,1-trichloroethane in the Class 1 Standard Solution, proceed to Procedure B
to verify the identity of the peak; otherwise the article meets the requirements of this test.
Table 5. Headspace Operating Parameters
Headspace Operating
Parameter Sets
1

2

3

Equilibration temperature ( )
Equilibration time (min)

80
60

105
45

80
45

Transfer-line temperature ( ) (if appropriate)

85

110

105

80–90

105–115

80–90

Syringe temperature ( ) (if appropriate)
Carrier gas: nitrogen or helium at an appropriate pressure
Pressurization time(s) (if appropriate)
Injection volume (mL)*

60
1

60
1

60
1
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* Or follow the instrument manufacturer's recommendations, as long as the method criteria are
met. Injecting less than this amount is allowed as long as adequate sensitivity is achieved.
Procedure B—
Class 1 Standard Stock Solution, Class 1 Standard Solution, Class 2 Standard Stock Solutions,
Class 2 Mixture A Standard Solution, Class 2 Mixture B Standard Solution, Test Stock Solution,
Test Solution, and Class 1 System Suitability Solution—Prepare as directed for Procedure A.
Chromatographic System (see Chromatography 621 )—The gas chromatograph is equipped
with a flame-ionization detector and a 0.32-mm × 30-m fused-silica column coated with a 0.25µm layer of phase G16 or a 0.53-mm × 30-m wide-bore column coated with a 0.25-µm layer of
phase G16. The carrier gas is nitrogen or helium with a linear velocity of about 35 cm/s and a split
ratio of 1:5. [Note—The split ratio can be modified in order to optimize sensitivity. ] The column
temperature is maintained at 50 for 20 min, then raised at a rate of 6 per min to 165 , and
maintained at 165 for 20 min. The injection port and detector temperatures are maintained at
140 and 250 , respectively. Chromatograph the Class 1 Standard Solution and the Class 1
System Suitability Solution, and record the peak responses as directed for Procedure: the signalto-noise ratio of benzene in the Class 1 Standard Solution is NLT 5; the signal-to-noise ratio of
each peak in the Class 1 System Suitability Solution is NLT 3; and the resolution, R, between
acetonitrile and cis-dichloroethene in the Class 2 Mixture A Standard Solution is NLT 1.0.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (following one of the
headspace operating parameter sets described in Table 5) equal volumes of headspace (about 1.0
mL) of the Class 1 Standard Solution, Class 2 Mixture A Standard Solution, Class 2 Mixture B
Standard Solution, and the Test Solution into the chromatograph, record the chromatograms, and
measure the responses for the major peaks. If the peak response(s) in the Test Solution of the
peak(s) identified in Procedure A is/are greater than or equal to a corresponding peak(s) in either
the Class 1 Standard Solution or either of the two Class 2 Mixture Standard Solutions, proceed to
Procedure C to quantify the peak(s); otherwise the article meets the requirements of this test.
Procedure C—
Class 1 Standard Stock Solution, Class 1 Standard Solution, Class 2 Standard Stock Solution A,
Class 2 Mixture A Standard Solution, Test Stock Solution, Test Solution, and Class 1 System
Suitability Solution—Prepare as directed for Procedure A.
Standard Stock Solution—[Note—Prepare a separate Standard Stock Solution for each peak
identified and verified by Procedures A and B. For the Class 1 solvents other than 1,1,1trichloroethane, prepare the first dilution as directed for the first dilution under Class 1 Standard
Stock Solution in Procedure A. ] Transfer an accurately measured volume of each individual USP
Reference Standard corresponding to each residual solvent peak identified and verified by
Procedures A and B to a suitable container, and dilute quantitatively, and stepwise if necessary,
with water to obtain a solution having a final concentration of 1/20 of the value stated in Table 1
or Table 2 (under Concentration Limit).
Standard Solution—Transfer 1.0 mL of this solution to an appropriate headspace vial, add 5.0 mL
of water, apply the stopper, cap, and mix.
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Spiked Test Solution—[Note—Prepare a separate Spiked Test Solution for each peak identified and
verified by Procedures A and B. ] Transfer 5.0 mL of Test Stock Solution to an appropriate
headspace vial, add 1.0 mL of the Standard Stock Solution, apply the stopper, cap, and mix.
Chromatographic System (see Chromatography 621 )—[Note—If the results of the
chromatography from Procedure A are found to be inferior to those found with Procedure B, the
Chromatographic System from Procedure B may be substituted. ] The gas chromatograph is
equipped with a flame-ionization detector and a 0.32-mm × 30-m fused-silica column coated with
a 1.8-µm layer of phase G43 or a 0.53-mm × 30-m wide-bore column coated with a 3.0-µm layer
of phase G43. The carrier gas is nitrogen or helium with a linear velocity of about 35 cm/s, and a
split ratio of 1:5. [Note—The split ratio can be modified in order to optimize sensitivity. ] The
column temperature is maintained at 40 for 20 min, then raised at a rate of 10 per min to 240 ,
and maintained at 240 for 20 min. The injection port and detector temperatures are maintained
at 140 and 250 , respectively. Chromatograph the Class 1 Standard Solution, the Class 1 System
Suitability Solution, and the Class 2 Mixture A Standard Solution, and record the peak responses
as directed for Procedure: the signal-to-noise ratio of 1,1,1-trichloroethane in the Class 1
Standard Solution is NLT 5; the signal-to-noise ratio of each peak in the Class 1 System
Suitability Solution is NLT 3; and the resolution, R, between acetonitrile and methylene chloride in
the Class 2 Mixture A Standard Solution is NLT 1.0.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (following one of the
headspace operating parameters described in Table 5) equal volumes of headspace (about 1.0
mL) of the Standard Solution, Test Solution, and the Spiked Test Solution into the chromatograph,
record the chromatograms, and measure the responses for the major peaks. Calculate the
amount, in ppm, of each residual solvent found in the article under test by the formula:
5(C/W)[rU/(rST

rU)]

in which C is the concentration, in µg per mL, of the appropriate USP Reference Standard in the
Standard Stock Solution; W is the weight, in g, of the article under test taken to prepare the Test
Stock Solution; and rU and rST are the peak responses of each residual solvent obtained from the
Test Solution and the Spiked Test Solution, respectively.
WATER-INSOLUBLE ARTICLES
Procedure A— [Note—Dimethyl sulfoxide may be substituted as an alternative solvent to
dimethylformamide. ]
Class 1 Standard Stock Solution—Transfer 1.0 mL of USP Class 1 Residual Solvents Mixture RS to a
100-mL volumetric flask previously filled with about 80 mL of dimethylformamide, dilute with
dimethylformamide to volume, and mix. Transfer 1.0 mL of this solution to a 100-mL volumetric
flask, previously filled with about 80 mL of dimethylformamide, dilute with dimethylformamide to
volume, and mix (reserve a portion of this solution for the Class 1 System Suitability Solution).
Transfer 1.0 mL of this solution to a 10-mL volumetric flask, dilute with dimethylformamide to
volume, and mix.
Class 1 Standard Solution—Transfer 1.0 mL of Class 1 Standard Stock Solution to an appropriate
headspace vial, containing 5.0 mL of water, apply the stopper, cap, and mix.
Class 2 Standard Stock Solutions—Transfer 1.0 mL of USP Residual Solvents Class 2—Mixture A RS
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to a 100-mL volumetric flask, previously filled with about 80 mL of dimethylformamide, dilute with
dimethylformamide to volume, and mix. This is Class 2 Standard Stock Solution A. Transfer 0.5 mL
of USP Residual Solvents Class 2—Mixture B RS to a 10-mL volumetric flask, dilute with
dimethylformamide to volume, and mix. This is Class 2 Standard Stock Solution B.
Class 2 Mixture A Standard Solution—Transfer 1.0 mL of Class 2 Standard Stock Solution A to an
appropriate headspace vial containing 5.0 mL of water, apply the stopper, cap, and mix.
Class 2 Mixture B Standard Solution—Transfer 1.0 mL of Class 2 Standard Stock Solution B to an
appropriate headspace vial containing 5.0 mL of water, apply the stopper, cap, and mix.
Test Stock Solution—Transfer about 500 mg of the article under test, accurately weighed, to a
10-mL volumetric flask, dissolve in and dilute with dimethylformamide to volume, and mix.
Test Solution—Transfer 1.0 mL of Test Stock Solution to an appropriate headspace vial,
containing 5.0 mL of water, apply the stopper, cap, and mix.
Class 1 System Suitability Solution—Mix 5 mL of Test Stock Solution with 0.5 mL of the
intermediate dilution reserved from Class 1 Standard Stock Solution. Transfer 1.0 mL of this
solution to an appropriate headspace vial, containing 5.0 mL of water, apply the stopper, cap,
and mix.
Chromatographic System (see Chromatography 621 —The gas chromatograph is equipped with
a flame-ionization detector and a 0.53-mm × 30-m wide-bore column coated with a 3.0-µm layer
of phase G43. The carrier gas is helium with a linear velocity of about 35 cm/s and a split ratio of
1:3. [Note—The split ratio can be modified in order to optimize sensitivity. ] The column
temperature is maintained at 40 for 20 min, then raised at a rate of 10 per min to 240 , and
maintained at 240 for 20 min. The injection port and detector temperatures are maintained at
140 and 250 , respectively. Chromatograph the Class 1 Standard Solution, Class 1 System
Suitability Solution, and Class 2 Mixture A Standard Solution, and record the peak responses as
directed for Procedure: the signal-to-noise ratio of 1,1,1-trichloroethane in the Class 1 Standard
Solution is NLT 5; the signal-to-noise ratio of each peak in the Class 1 System Suitability Solution
is NLT 3; and the resolution, R, between acetonitrile and methylene chloride in the Class 2 Mixture
A Standard Solution is NLT 1.0.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (use headspace
operating parameters in column 3 of Table 5 with a vial pressure of 10 psi) equal volumes of
headspace (about 1.0 mL) of the Class 1 Standard Solution, Class 2 Mixture A Standard Solution,
Class 2 Mixture B Standard Solution, and Test Solution into the chromatograph, record the
chromatograms, and measure the responses for the major peaks. If a peak response of any peak,
other than a peak for 1,1,1-trichloroethane, in the Test Solution is greater than or equal to a
corresponding peak in either the Class 1 Standard Solution or either of the two Class 2 Mixture
Standard Solutions, or a peak response of 1,1,1-trichloroethane is greater than or equal to 150
times the peak response corresponding to 1,1,1-trichloroethane in the Class 1 Standard Solution,
proceed to Procedure B to verify the identity of the peak; otherwise, the article meets the
requirements of this test.
Procedure B—
Class 1 Standard Stock Solution, Class 1 Standard Solution, Class 1 System Suitability Solution,
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Class 2 Standard Stock Solutions, Class 2 Mixture A Standard Solution, and Class 2 Mixture B
Standard Solution, Test Stock Solution, and Test Solution—Proceed as directed for Procedure A.
Chromatographic System—Proceed as directed for Procedure B under Water-Soluble Articles with
a split ratio of 1:3. [Note—The split ratio can be modified in order to optimize sensitivity. ]
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (use headspace
operating parameters in column 3 of Table 5 with a vial pressure of 10 psi) equal volumes of
headspace (about 1.0 mL) of the Class 1 Standard Solution, Class 2 Mixture A Standard Solution,
Class 2 Mixture B Standard Solution, and Test Solution into the chromatograph, record the
chromatograms, and measure the responses for the major peaks. If the peak response(s) in Test
Solution of the peak(s) identified in Procedure A is/are greater than or equal to a corresponding
peak(s) in either the Class 1 Standard Solution or any of the two Class 2 Mixture Standard
Solutions, proceed to Procedure C to quantify the peak(s); otherwise, the article meets the
requirements of this test.
Procedure C—
Class 1 Standard Stock Solution, Class 1 Standard Solution, Class 1 System Suitability Solution,
Class 2 Standard Stock Solution A, and Class 2 Mixture A Standard Solution—Proceed as directed
for Procedure A.
Standard Stock Solution— [Note—Prepare a separate Standard Stock Solution for each peak
identified and verified by Procedures A and B. For the Class 1 solvents other than 1,1,1trichloroethane, prepare the first dilution as directed for the first dilution under Class 1 Standard
Stock Solution in Procedure A. ] Transfer an accurately measured volume of each individual USP
Reference Standard corresponding to each residual solvent peak identified and verified by
Procedures A and B to a suitable container, and dilute quantitatively, and stepwise if necessary,
with water to obtain a solution having a final concentration of 1/20 of the value stated in Table 1
or Table 2 (under Concentration Limit).
Standard Solution—Transfer 1.0 mL of the Standard Stock Solution to an appropriate headspace
vial, containing 5.0 mL of water, apply the stopper, cap, and mix.
Test Stock Solution—Proceed as directed for Procedure A.
Test Solution—Transfer 1.0 mL of the Test Stock Solution to an appropriate headspace vial,
containing 5.0 mL of water, apply the stopper, cap, and mix.
Spiked Test Solution— [Note—Prepare a separate Spiked Test Solution for each peak identified
and verified by Procedures A and B. ] Transfer 1.0 mL of Test Stock Solution to an appropriate
headspace vial, add 1 mL of Standard Stock Solution and 4.0 mL of water, apply the stopper, cap,
and mix.
Chromatographic System—Proceed as directed for Procedure C under Water-Soluble Articles.
Procedure—[Note—It is recommended to increase the temperature of the transfer line between
runs to eliminate any potential condensation of solvents. ] Separately inject (use headspace
operating parameters in column 3 of Table 5 with a vial pressure of 10 psi) equal volumes of
headspace (about 1.0 mL) of the Standard Solution, Test Solution, and Spiked Test Solution into
the chromatograph, record the chromatograms, and measure the responses for the major peaks.
Calculate the amount, in ppm, of each residual solvent found in the article under test by the
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formula:
10 × (C/W)[rU/(rST

rU)]

in which C is the concentration, in µg per mL, of the appropriate USP Reference Standard in the
Standard Stock Solution; W is the weight, in g, of the article under test taken to prepare the Test
Stock Solution; and rU and rST are the peak responses of each residual solvent obtained from Test
Solution and Spiked Test Solution, respectively.
Class 3 Residual Solvents
If Class 3 solvents are present, the level of residual solvents may be determined as directed under
Loss on Drying 731 when the monograph for the article under test contains a loss on drying
procedure specifying an upper limit of no more than 0.5% (per Option 1 in this general chapter),
or a specific determination of the solvent may be made. If there is no loss on drying procedure in
the monograph for the article under test or if a Class 3 solvent limit in an individual monograph is
greater than 50 mg per day (corresponding to 5000 ppm or 0.5% under Option 1), the individual
Class 3 residual solvent or solvents present in the article under test should be identified and
quantified, and the procedures as described above, with appropriate modifications to the standard
solutions, are to be applied wherever possible. Otherwise, an appropriate validated procedure is to
be employed. USP Reference Standards, where available, should be used in these procedures.
GLOSSARY
Acceptable daily intake (ADI): The maximum acceptable intake of toxic chemicals per day. This
term is used by the World Health Organization (WHO).
Genotoxic carcinogens: Carcinogens that produce cancer by affecting genes or chromosomes.
Lowest-observed-effect level (LOEL): The lowest dose of a substance in a study or group of
studies that produces biologically significant increases in frequency or severity of any effects in
exposed humans or animals.
Modifying factor: A factor determined by professional judgment of a toxicologist and applied to
bioassay data so that the data can be safely related to humans.
Neurotoxicity: The ability of a substance to cause adverse effects on the nervous system.
No-observed-effect level (NOEL): The highest dose of a substance at which there are no
biologically significant increases in frequency or severity of any effects in exposed humans or
animals.
Permitted daily exposure (PDE): The maximum acceptable intake per day of a residual solvent in
pharmaceutical products.
Reversible toxicity: The occurrence of harmful effects that are caused by a substance and that
disappear after exposure to the substance ends.
Strongly suspected human carcinogen: A substance for which there is no epidemiological
evidence of carcinogenesis but for which there are positive genotoxicity data and clear evidence
of carcinogenesis in rodents.
Teratogenicity: The occurrence of structural malformations in a developing fetus when a
substance is administered during pregnancy.
Tolerable daily intake (TDI): Tolerable daily exposure to toxic chemicals. Term used by the
International Program on Chemical Safety (IPCS).
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Change to read:
APPENDIX 1. LIST
See the table Appendix 1. List of Residual Solvents Included in This General Chapter.
APPENDIX 1. LIST OF RESIDUAL SOLVENTS INCLUDED IN THIS GENERAL CHAPTER
Solvent
Other Names
Structure
Class
Acetic acid
Acetone
Acetonitrile

Ethanoic acid
2-Propanone
Propan-2-one

CH3 COOH

Class 3

CH3 COCH3
CH3 CN

Class 3
Class 2

Anisole

Methoxybenzene

Class 3

Benzene

Benzol
n-Butyl alcohol
Butan-1-ol
sec-Butyl alcohol
Butan-2-ol
Acetic acid butyl ester
2-Methoxy-2-methylpropane
Tetrachloromethane

Class 1

1-Butanol
2-Butanol
Butyl acetate
tert-Butylmethyl ether
Carbon tetrachloride

Chlorobenzene
Chloroform

Trichloromethane

CH3 (CH2 )3 OH
CH3 CH2 CH(OH)CH3
CH3 COO(CH2 )3 CH3
(CH3 )3 COCH3
CCl4

CHCl3

Class 3
Class
Class
Class
Class

3
3
3
1

Class 2
Class 2
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Cumene

Cyclohexane

1,2-Dichloroethane
1,1-Dichloroethene
1,2-Dichloroethene

1,2-Dimethoxyethane
N,NDimethylacetamide
N,NDimethylformamide

Dimethyl sulfoxide

1,4-Dioxane
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Class 3
Class 2

Isopropylbenzene
(1-Methylethyl)benzene

Hexamethylene
sym-Dichloroethane
Ethylene dichloride
Ethylene chloride
1,1-Dichloroethylene
Vinylidene chloride
1,2-Dichloroethylene
Acetylene dichloride
Ethyleneglycol dimethyl ether
Monoglyme
Dimethyl cellosolve

1S (USP36)

Class 2

CH2 ClCH2 Cl

Class 1

H2 C=CCl2

Class 1

ClHC=CHCl

Class 2

H3 COCH2 CH2 OCH3

Class 2

DMA

CH3 CON(CH3 )2

Class 2

DMF
Methylsulfinylmethane
Methyl sulfoxide
DMSO

HCON(CH3 )2

Class 2

(CH3 )2 SO

Class 3

p-Dioxane
[1,4]Dioxane

Class 2
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Ethanol
2-Ethoxyethanol
Ethyl acetate
Ethylene glycol

Ethyl ether
Ethyl formate
Formamide
Formic acid
Heptane
Hexane
Isobutyl acetate
Isopropyl acetate
Methanol
2-Methoxyethanol
Methyl acetate

3-Methyl-1-butanol
Methylbutylketone

Methylcyclohexane
Methylene chloride

Methylethylketone

Methyl isobutyl ketone
2-Methyl-1-propanol
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Ethyl alcohol
Cellosolve
Acetic acid ethyl ester
1,2-Dihydroxyethane
1,2-Ethanediol
Diethyl ether
Ethoxyethane
1,1¢-Oxybisethane
Formic acid ethyl ester
Methanamide
n-Heptane
n-Hexane
Acetic acid isobutyl ester
Acetic acid isopropyl ester
Methyl alcohol
Methyl cellosolve
Acetic acid methyl ester
Isoamyl alcohol
Isopentyl alcohol
3-Methylbutan-1-ol
2-Hexanone
Hexan-2-one

Cyclohexylmethane
Dichloromethane
2-Butanone
MEK
Butan-2-one
4-Methylpentan-2-one
4-Methyl-2-pentanone
MIBK
Isobutyl alcohol
2-Methylpropan-1-ol

CH3 CH2 OH
CH3 CH2 OCH2 CH2 OH
CH3 COOCH2 CH3

Class 3
Class 2
Class 3

HOCH2 CH2 OH

Class 2

CH3 CH2 OCH2 CH3
HCOOCH2 CH3
HCONH2
HCOOH
CH3 (CH2 )5 CH3
CH3 (CH2 )4 CH3
CH3 COOCH2 CH(CH3 )2
CH3 COOCH(CH3 )2
CH3 OH
CH3 OCH2 CH2 OH
CH3 COOCH3

Class
Class
Class
Class
Class
Class
Class
Class
Class
Class
Class

3
3
2
3
3
2
3
3
2
2
3

(CH3 )2 CHCH2 CH2 OH

Class 3

CH3 (CH2 )3 COCH3

Class 2

CH2 Cl2

Class 2
Class 2

CH3 CH2 COCH3

Class 3

CH3 COCH2 CH(CH3 )2

Class 3

(CH3 )2 CHCH2 OH

Class 3
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N-Methylpyrrolidone
Nitromethane
Pentane

1-Pentanol
1-Propanol
2-Propanol
Propyl acetate
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1-Methylpyrrolidin-2-one
1-Methyl-2-pyrrolidinone
n-Pentane
Amyl alcohol
Pentan-1-ol
Pentyl alcohol
Propan-1-ol
Propyl alcohol
Propan-2-ol
Isopropyl alcohol
Acetic acid propyl ester

Pyridine

Sulfolane

CH3 NO2
CH3 (CH2 )3 CH3

Class 2
Class 2
Class 3

CH3 (CH2 )3 CH2 OH

Class 3

CH3 CH2 CH2 OH

Class 3

(CH3 )2 CHOH
CH3 COOCH2 CH2 CH3

Class 3
Class 3

Class 2

Tetrahydrothiophene 1,1dioxide

Class 2
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Tetrahydrofuran

Tetralin

Toluene
1,1,1-Trichloroethane
Trichloroethylene
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Tetramethylene oxide
Oxacyclopentane

Class 2

1,2,3,4-Tetrahydronaphthalene

Class 2

Methylbenzene
Methylchloroform
1,1,2-Trichloroethene

Class 2
Class 1
Class 2

CH3 CCl3
HClC=CCl2

Dimethylbenzene
Xylene*
Xylol
* Usually 60% m-xylene, 14% p-xylene, 9% o-xylene with 17% ethyl benzene.

Class 2

APPENDIX 2. ADDITIONAL BACKGROUND
A2.1. Environmental Regulation of Organic Volatile Solvents
Several of the residual solvents frequently used in the production of pharmaceuticals are listed as
toxic chemicals in Environmental Health Criteria (EHC) monographs and in the Integrated Risk
Information System (IRIS). The objectives of such groups as the International Programme on
Chemical Safety (IPCS), the United States Environmental Protection Agency (EPA), and the
United States Food and Drug Administration (FDA) include the determination of acceptable
exposure levels. The goal is maintenance of environmental integrity and protection of human
health against the possible deleterious effects of chemicals resulting from long-term environmental
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exposure. The procedures involved in the estimation of maximum safe exposure limits are usually
based on long-term studies. When long-term study data are unavailable, shorter-term study data
can be used with modification of the approach, such as use of larger safety factors. The
approach described therein relates primarily to long-term or lifetime exposure of the general
population in the ambient environment (i.e., ambient air, food, drinking water, and other media).
A2.2. Residual Solvents in Pharmaceuticals
Exposure limits in this general chapter are established by referring to methodologies and toxicity
data described in EHC and IRIS monographs. However, the following specific assumptions about
residual solvents to be used in the synthesis and formulation of pharmaceutical products should
be taken into account in establishing exposure limits.
1. Patients (not the general population) use pharmaceuticals to treat their diseases or for
prophylaxis to prevent infection or disease.
2. The assumption of lifetime patient exposure is not necessary for most pharmaceutical
products but may be appropriate as a working hypothesis to reduce risk to human health.
3. Residual solvents are unavoidable components in pharmaceutical production and will often
be a part of medicinal products.
4. Residual solvents should not exceed recommended levels except in exceptional
circumstances.
5. Data from toxicological studies that are used to determine acceptable levels for residual
solvents should have been generated using appropriate protocols such as those described,
for example, by the Organization for Economic Cooperation and Development (OECD), EPA,
and the FDA Red Book.
APPENDIX 3. PROCEDURES FOR ESTABLISHING EXPOSURE LIMITS
The Gaylor-Kodell method of risk assessment (Gaylor, D.W., and Kodell, R.L. Linear Interpolation
Algorithm for Low Dose Assessment of Toxic Substance. Journal of Environmental Pathology and
Toxicology, 4:305, 1980) is appropriate for Class 1 carcinogenic solvents. Only in cases where
reliable carcinogenicity data are available should extrapolation by the use of mathematical models
be applied to setting exposure limits. Exposure limits for Class 1 residual solvents could be
determined with the use of a large safety factor (i.e., 10,000 to 100,000) with respect to the noobserved-effect level (NOEL). Detection and quantification of these residual solvents should be
performed by state-of-the-art analytical techniques.
Acceptable exposure levels in this general chapter for Class 2 residual solvents were established
by calculation of PDE values according to the procedures for setting exposure limits in
pharmaceuticals (page 5748 of PF 15(6) [Nov.–Dec. 1989]), and the method adopted by IPCS for
Assessing Human Health Risk of Chemicals (Environmental Health Criteria 170, WHO, 1994). These
procedures are similar to those used by the U.S. EPA (IRIS) and the U.S. FDA (Red Book) and
others. The method is outlined here to give a better understanding of the origin of the PDE
values. It is not necessary to perform these calculations in order to use the PDE values presented
in Table 2 of this document.
PDE is derived from the no-observed-effect level (NOEL), or the lowest-observed effect level
(LOEL), in the most relevant animal study as follows:
PDE = (NOEL × Weight Adjustment)/(F1 × F2 × F3 × F4 × F5)

(1)
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The PDE is derived preferably from a NOEL. If no NOEL is obtained, the LOEL may be used.
Modifying factors proposed here, for relating the data to humans, are the same kind of
“uncertainty factors” used in Environmental Health Criteria (Environmental Health Criteria 170,
WHO, Geneva, 1994) and “modifying factors” or “safety factors” in Pharmacopeial Forum. The
assumption of 100 percent systemic exposure is used in all calculations regardless of route of
administration.
The modifying factors are as follows:
F1 = A factor to account for extrapolation between species
F1 = 2 for extrapolation from dogs to humans
F1 = 2.5 for extrapolation from rabbits to humans
F1 = 3 for extrapolation from monkeys to humans
F1 = 5 for extrapolation from rats to humans
F1 = 10 for extrapolation from other animals to humans
F1 = 12 for extrapolation from mice to humans
F1 takes into account the comparative surface area to body weight ratios for the species
concerned and for man. Surface area (S) is calculated as:
S = kM0.67

(2)

in which M = body weight, and the constant k has been taken to be 10. The body weights used in
the equation are those shown below in Table A3.-1.
F2 = A factor of 10 to account for variability between individuals.
A factor of 10 is generally given for all organic solvents, and
10 is used consistently in this general chapter.
F3 = A variable factor to account for toxicity studies
of short-term exposure
F3 = 1 for studies that last at least one half-lifetime
(1 year for rodents or rabbits; 7 years for cats,
dogs, and monkeys)
F3 = 1 for reproductive studies in which the whole period of
organogenesis is covered
F3 = 2 for a 6-month study in rodents, or a 3.5-year study
in nonrodents
F3 = 5 for a 3-month study in rodents, or a 2-year study
in nonrodents
F3 = 10 for studies of a shorter duration
In all cases, the higher factor has been used for study durations between the time points (e.g., a
factor of 2 for a 9-month rodent study).
F4 = A factor that may be applied in cases of severe toxicity, e.g., nongenotoxic
carcinogenicity, neurotoxicity, or teratogenicity. In studies of reproductive
toxicity, the following factors are used:
F4 = 1 for fetal toxicity associated with maternal toxicity
F4 = 5 for fetal toxicity without maternal toxicity
F4 = 5 for a teratogenic effect with maternal toxicity
F4 = 10 for a teratogenic effect without maternal toxicity
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F5 = A variable factor that may be applied if the no-effect
level was not established
When only a LOEL is available, a factor of up to 10 can be used, depending on the severity of the
toxicity. The weight adjustment assumes an arbitrary adult human body weight for either sex of
50 kilograms (kg). This relatively low weight provides an additional safety factor against the
standard weights of 60 kg or 70 kg that are often used in this type of calculation. It is recognized
that some adult patients weigh less than 50 kg; these patients are considered to be
accommodated by the built-in safety factors used to determine a PDE. If the solvent was present
in a formulation specifically intended for pediatric use, an adjustment for a lower body weight
would be appropriate.
As an example of the application of this equation, consider a toxicity study of acetonitrile in mice
that is summarized in Pharmeuropa, Vol. 9, No. 1, Supplement, April 1997, page S24. The NOEL is
calculated to be 50.7 mg kg–1 day–1. The PDE for acetonitrile in this study is calculated as
follows:
PDE = (50.7 mg kg 1 day 1 × 50 kg)/(12 × 10 × 5 × 1 × 1) = 4.22 mg day 1
In this example,
F1 = 12 to account for the extrapolation from mice to humans
F2 = 10 to account for differences between individual humans
F3 = 5 because the duration of the study was only 13 weeks
F4 = 1 because no severe toxicity was encountered
F5 = 1 because the no-effect level was determined
A3.-1. Values Used in the Calculations in This Document
Rat body weight
425 g
Pregnant rat body weight
330 g
Mouse body weight
28 g
Pregnant mouse body weight
30 g
Guinea-pig body weight
500 g
Rhesus monkey body weight
2.5 kg
Rabbit body weight (pregnant or not)
4 kg
Beagle dog body weight
11.5 kg
Rat respiratory volume
290 L/day
Mouse respiratory volume
43 L/day
Rabbit respiratory volume
1440 L/day
Guinea-pig respiratory volume
430 L/day
Human respiratory volume
28,800 L/day
Dog respiratory volume
9000 L/day
Monkey respiratory volume
1150 L/day
Mouse water consumption
5 mL/day
Rat water consumption
30 mL/day
Rat food consumption
30 g/day
The equation for an ideal gas, PV = nRT, is used to convert concentrations of gases used in
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inhalation studies from units of ppm to units of mg/L or mg/m3. Consider as an example the rat
reproductive toxicity study by inhalation of carbon tetrachloride (molecular weight 153.84)
summarized in Pharmeuropa, Vol. 9, No. 1, Supplement, April 1997, page S9.

The relationship 1000 L = 1 m3 is used to convert to mg/ m3.
BRIEFING
621 Chromatography, USP 35 page 258. On the basis of comments received, additional
changes are proposed for this general chapter. Under General Procedures, Liquid
Chromatography, information is included to allow the use of a guard column even when it is not
prescribed in the individual monograph. Under System suitability, it is indicated what type of
adjustments are allowed in gradient conditions. Allowances to modify the particle size in liquid
chromatography are being modify.
(GCCA: H. Pappa.)
Correspondence Number—C108512; C108381; C108472; C108510; C108511; C89463

Comment deadline: May 31, 2012
621

CHROMATOGRAPHY
INTRODUCTION

Chromatographic separation techniques are multistage separation methods in which the
components of a sample are distributed between two phases, of which one is stationary and the
other is mobile. The stationary phase may be a solid or a liquid supported on a solid or a gel. The
stationary phase may be packed in a column, spread as a layer, distributed as a film, or applied by
other techniques. The mobile phase may be gaseous, liquid, or supercritical fluid. The separation
may be based on adsorption, mass distribution (partition), or ion exchange; or it may be based on
differences among the physicochemical properties of the molecules, such as size, mass, and
volume. This chapter contains general procedures, definitions, and calculations of common
parameters and describes general requirements for system suitability. The types of
chromatography useful in qualitative and quantitative analysis employed in USP procedures are
column, gas, paper, thin-layer (including high-performance thin-layer chromatography), and
pressurized liquid chromatography (commonly called high-pressure, or high-performance liquid
chromatography).
Change to read:
GENERAL PROCEDURES
This section describes the basic procedures used when a chromatographic method is described in
a monograph. The following procedures are followed unless otherwise indicated in the individual
monograph.
Paper Chromatography
Stationary Phase: The stationary phase is a sheet of paper of suitable texture and thickness.
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Development may be ascending, in which the solvent is carried up the paper by capillary forces,
or descending, in which the solvent flow is also assisted by gravitational force. The orientation of
paper grain, with respect to solvent flow, is to be kept constant in a series of chromatograms.
(The machine direction is usually designated by the manufacturer.)
Apparatus: The essential equipment for paper chromatography consists of a vapor-tight chamber
with inlets for addition of solvent and a rack of corrosion-resistant material about 5 cm shorter
than the inside height of the chamber. The rack serves as support for solvent troughs and for
antisiphon rods that in turn, hold up the chromatographic sheets. The bottom of the chamber is
covered with the prescribed solvent system or mobile phase. Saturation of the chamber with
solvent vapor is facilitated by lining the inside walls with paper wetted with the prescribed solvent
system.
Spotting: The substance or substances analyzed are dissolved in a suitable solvent. Convenient
volumes delivered from suitable micropipets of the resulting solution, normally containing 1–20 µg
of the compound, are placed in 6- to 10-mm spots NLT 3 cm apart.
Descending Paper Chromatography Procedure
1. A spotted chromatographic sheet is suspended in the apparatus, using the antisiphon rod
to hold the upper end of the sheet in the solvent trough. [Note—Ensure that the portion
of the sheet hanging below the rods is freely suspended in the chamber without touching
the rack, the chamber walls, or the fluid in the chamber. ]
2. The chamber is sealed to allow equilibration (saturation) of the chamber and the paper
with the solvent vapor. Any excess pressure is released as necessary.
3. After equilibration of the chamber, the prepared mobile phase is introduced into the trough
through the inlet.
4. The inlet is closed, and the mobile solvent phase is allowed to travel the desired distance
down the paper.
5. The sheet is removed from the chamber.
6. The location of the solvent front is quickly marked, and the sheet is dried.
7. The chromatogram is observed and measured directly or after suitable development to
reveal the location of the spots of the isolated drug or drugs.
Ascending Paper Chromatography Procedure
1. The mobile phase is added to the bottom of the chamber.
2. The chamber is sealed to allow equilibration (saturation) of the chamber and the paper
with the solvent vapor. Any excess pressure is released as necessary.
3. The lower edge of the stationary phase is dipped into the mobile phase to permit the
mobile phase to rise on the chromatographic sheet by capillary action.
4. When the solvent front has reached the desired height, the chamber is opened, the sheet
is removed, the location of the solvent front is quickly marked, and the sheet is dried.
5. The chromatogram is observed and measured directly or after suitable development to
reveal the location of the spots of the isolated drug or drugs.
Thin-Layer Chromatography
Stationary Phase: The stationary phase is a relatively thin, uniform layer of dry, finely powdered
material applied to a glass, plastic, or metal sheet or plate (typically called the plate). The
stationary phase of TLC plates has an average particle size of 10–15 µm, and that of high-
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performance TLC (HPTLC) plates has an average particle size of 5 µm. Commercial plates with a
preadsorbent zone can be used if they are specified in a monograph. Sample applied to the
preadsorbent region develops into sharp, narrow bands at the preadsorbent–sorbent interface.
The separations achieved may be based on adsorption, partition, or a combination of both
effects, depending on the particular type of stationary phase.
Apparatus: A chromatographic chamber made of inert, transparent material and having the
following specifications is used: a flat-bottom or twin trough, a tightly fitted lid, and a size
suitable for the plates. The chamber is lined on at least one wall with filter paper. Sufficient
mobile phase or developing solvent is added to the chamber that, after impregnation of the filter
paper, a depth appropriate to the dimensions of the plate used is available. The chromatographic
chamber is closed and allowed to equilibrate. [Note—Unless otherwise indicated, the
chromatographic separations are performed in a saturated chamber. ]
Detection/Visualization: An ultraviolet (UV) light source suitable for observations under short(254 nm) and long- (365 nm) wavelength UV light and a variety of other spray reagents used to
make spots visible are often used.
Spotting: Solutions are spotted on the surface of the stationary phase (plate) at the prescribed
volume in sufficiently small portions to obtain circular spots of 2–5 mm in diameter (1–2 mm on
HPTLC plates) or bands of 10–20 mm × 1–2 mm (5–10 mm × 0.5–1 mm on HPTLC plates) at an
appropriate distance from the lower edge of and sides of the plate. [Note—During development,
the application position must be at least 5 mm (TLC) or 3 mm (HPTLC) above the level of the
mobile phase. ] The solutions are applied on a line parallel to the lower edge of the plate with an
interval of at least 10 mm (5 mm on HPTLC plates) between the centers of spots, or 4 mm (2 mm
on HPTLC plates) between the edges of bands, then allowed to dry.
Procedure
1. Place the plate in the chamber, ensuring that the spots or bands are above the surface of
the mobile phase.
2. Close the chamber.
3. Allow the mobile phase to ascend the plate until the solvent front has traveled threequarters of the length of the plate, or the distance prescribed in the monograph.
4. Remove the plate, mark the solvent front with a pencil, and allow to dry.
5. Visualize the chromatograms as prescribed.
6. Determine the chromatographic retardation factor (RF) values for the principal spots or
zones.
7. Presumptive identification can be made by observation of spots or zones of identical RF
value and about equal magnitude obtained, respectively, with an unknown and a standard
chromatographed on the same plate. A visual comparison of the size or intensity of the
spots or zones may serve for semiquantitative estimation. Quantitative measurements are
possible by means of densitometry (absorbence or fluorescence measurements).
Column Chromatography
Solid Support: Purified siliceous earth is used for normal-phase separation. Silanized
chromatographic siliceous earth is used for reverse-phase partition chromatography.
Stationary Phase: The solid support is modified by the addition of a stationary phase specified in
the individual monograph. If a mixture of liquids is used as the stationary phase, mix the liquids
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before the introduction of the solid support.
Mobile Phase: The mobile phase is specified in the individual monograph. If the stationary phase
is an aqueous solution, equilibrate with water. If the stationary phase is a polar organic fluid,
equilibrate with that fluid.
Apparatus: Unless otherwise specified in the individual monograph, the chromatographic tube is
about 22 mm in inside diameter and 200–300 mm long. Attached to it is a delivery tube, without
stopcock, about 4 mm in inside diameter and about 50 mm long.
APPARATUS PREPARATION: Pack a pledget of fine glass wool in the base of the tube. Combine the
specified volume of stationary phase and the specified amount of solid support to produce a
homogeneous, fluffy mixture. Transfer this mixture to the chromatographic tube, and tamp using
gentle pressure to obtain a uniform mass. If the specified amount of solid support is more than 3
g, transfer the mixture to the column in portions of approximately 2 g, and tamp each portion. If
the assay or test requires a multisegment column with a different stationary phase specified for
each segment, tamp after the addition of each segment, and add each succeeding segment
directly to the previous one. Pack a pledget of fine glass wool above the completed column
packing. [Note—The mobile phase should flow through a properly packed column as a moderate
stream or, if reverse-phase chromatography is applied, as a slow trickle. ]
If a solution of the analyte is incorporated into the stationary phase, complete the quantitative
transfer to the chromatographic tube by scrubbing the beaker used for the preparation of the test
mixture with a mixture of about 1 g of Solid Support and several drops of the solvent used to
prepare the sample solution before adding the final portion of glass wool.
Procedure
1. Transfer the mobile phase to the column space above the column packing, and allow it to
flow through the column under the influence of gravity.
2. Rinse the tip of the chromatographic column with about 1 mL of mobile phase before each
change in composition of mobile phase and after completion of the elution.
3. If the analyte is introduced into the column as a solution in the mobile phase, allow it to
pass completely into the column packing, then add mobile phase in several small portions,
allowing each to drain completely before adding the bulk of the mobile phase.
4. Where the procedure indicates the use of multiple chromatographic columns mounted in
series and the addition of mobile phase in divided portions is specified, allow each portion
to drain completely through each column, and rinse the tip of each with mobile phase
before the addition of each succeeding portion.
Gas Chromatography (GC)
Liquid Stationary Phase: This type of phase is available in packed or capillary columns.
Packed Column GC: The liquid stationary phase is deposited on a finely divided, inert solid
support, such as diatomaceous earth, porous polymer, or graphitized carbon, which is packed into
a column that is typically 2–4 mm in internal diameter and 1–3 m in length.
Capillary Column GC: In capillary columns, which contain no packed solid support, the liquid
stationary phase is deposited on the inner surface of the column and may be chemically bonded
to it.
Solid Stationary Phase: This type of phase is available only in packed columns. In these columns
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the solid phase is an active adsorbent, such as alumina, silica, or carbon, packed into a column.
Polyaromatic porous resins, which are sometimes used in packed columns, are not coated with a
liquid phase. [Note—Packed and capillary columns must be conditioned before use until the
baseline and other characteristics are stable. The column or packing material supplier provides
instructions for the recommended conditioning procedure. ]
Apparatus: A gas chromatograph consists of a carrier gas source, injection port, column,
detector, and recording device. The injection port, column, and detector are temperature
controlled and may be varied as part of the analysis. The typical carrier gas is helium, nitrogen, or
hydrogen, depending on the column and detector in use. The type of detector used depends on
the nature of the compounds analyzed and is specified in the individual monograph. Detector
output is recorded as a function of time, and the instrument response, measured as peak area or
peak height, is a function of the amount present.
Temperature Program: The length and quality of a GC separation can be controlled by altering
the temperature of the chromatographic column. When a temperature program is necessary, the
individual monograph indicates the conditions in table format. The table indicates the initial
temperature, rate of temperature change (ramp), final temperature, and hold time at the final
temperature.
Procedure
1. Equilibrate the column, injector, and detector with flowing carrier gas until a constant
signal is received.
2. Inject a sample through the injector septum, or use an autosampler.
3. Begin the temperature program.
4. Record the chromatogram.
5. Analyze as indicated in the monograph.
Liquid Chromatography (LC)
The term liquid chromatography, as used in the compendia, is synonymous with high-pressure
liquid chromatography and high-performance liquid chromatography. LC is a separation technique
based on a solid stationary phase and a liquid mobile phase.
Stationary Phase: Separations are achieved by partition, adsorption, or ion-exchange processes,
depending on the type of stationary phase used. The most commonly used stationary phases are
modified silica or polymeric beads. The beads are modified by the addition of long-chain
hydrocarbons. The specific type of packing needed to complete an analysis is indicated by the “L”
designation in the individual monograph (see also the section Chromatographic Columns, below).
The size of the beads is often described in the monograph as well. Changes in the packing type
and size are covered in the System Suitability section of this chapter.
Chromatographic Column: The term column includes stainless steel, lined stainless steel, and
polymeric columns, packed with a stationary phase. The length and inner diameter of the column
affects the separation, and therefore typical column dimensions are included in the individual
monograph. Changes to column dimensions are discussed in the System Suitability section of this
chapter. Compendial monographs do not include the name of appropriate columns; this omission
avoids the appearance of endorsement of a vendor’s product and natural changes in the
marketplace. See the section Chromatographic Columns for more information.
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In LC procedures, a guard column may be used with the following requirements, unless otherwise
is indicated in the individual monograph: (a) the length of the guard column must be NMT 15% of
the length of the analytical column, and (b) the packing material should be the same as the
analytical column (e.g., silica) and contain the same bonded phase (e.g., C18). In any case, all
system suitability requirements specified in the official procedure must be met with the guard
column installed. 1S (USP36)
Mobile Phase: The mobile phase is a solvent or a mixture of solvents, as defined in the individual
monograph.
Apparatus: A liquid chromatograph consists of a reservoir containing the mobile phase, a pump to
force the mobile phase through the system at high pressure, an injector to introduce the sample
into the mobile phase, a chromatographic column, a detector, and a data collection device.
Gradient Elution: The technique of continuously changing the solvent composition during the
chromatographic run is called gradient elution or solvent programming. The gradient elution profile
is presented in the individual monograph as a gradient table, which lists the time and proportional
composition of the mobile phase at the stated time.
Procedure
1. Equilibrate the column and detector with mobile phase at the specified flow rate until a
constant signal is received.
2. Inject a sample through the injector, or use an autosampler.
3. Begin the gradient program.
4. Record the chromatogram.
5. Analyze as directed in the monograph.
CHROMATOGRAPHIC COLUMNS
A complete list of packings (L), phases (G), and supports (S) used in USP–NF tests and assays is
located in USP–NF and PF, Reagents, Indicators, and Solutions—Chromatographic Columns. This
list is intended to be a convenient reference for the chromatographer in identifying the pertinent
chromatographic column specified in the individual monograph.
DEFINITIONS AND INTERPRETATION OF CHROMATOGRAMS
Chromatogram: A chromatogram is a graphical representation of the detector response,
concentration of analyte in the effluent, or other quantity used as a measure of effluent
concentration versus effluent volume or time. In planar chromatography, chromatogram may refer
to the paper or layer with the separated zones.
Figure 1 represents a typical chromatographic separation of two substances, 1 and 2. t R1 and t R2
are the respective retention times; h is the height, h/2 is the half-height, and Wh/2 is the width at
half-height, for peak 1. W1 and W2 are the respective widths of peaks 1 and 2 at the baseline. Air
peaks are a feature of gas chromatograms and correspond to the solvent front in LC. The
retention time of these air peaks, or unretained components, is designated as t M.
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Figure 1. Chromatographic separation of two substances.
Dwell Volume (D): The dwell volume, also known as gradient delay volume, is the volume
between the point at which the eluents meet and the top of the column.
Hold-Up Time (tM): The hold-up time is the time required for elution of an unretained component
(see Figure 1, shown as an air or unretained solvent peak, with the baseline scale in min).
Hold-Up Volume (VM): The hold-up volume is the volume of mobile phase required for elution of
an unretained component. It may be calculated from the hold-up time and the flow rate F, in
mL/min:
VM = t M × F
In size exclusion chromatography, the symbol VO is used.
Number of Theoretical Plates (N)1: N is a measure of column efficiency. For Gaussian peaks, it
is calculated by:
N = 16 × (t R /W)2
where t R is the retention time of the substance, and W is the peak width at its base, obtained by
extrapolating the relatively straight sides of the peak to the baseline. The value of N depends
upon the substance being chromatographed as well as the operating conditions, such as the flow
rate and temperature of the mobile phase or carrier gas, the quality of the packing, the uniformity
of the packing within the column, and, for capillary columns, the thickness of the stationary phase
film and the internal diameter and length of the column.
Where electronic integrators are used, it may be convenient to determine the number of theorical
plates, by the equation:

where Wh/2 is the peak width at half-height. However, in the event of dispute, only equations
based on peak width at baseline are to be used.
Peak: The peak is the portion of the chromatographic recording of the detector response when a
single component is eluted from the column. If separation is incomplete, two or more components
may be eluted as one unresolved peak.
Peak-to-Valley Ratio (p/v): The p/v may be employed as a system suitability criterion in a test
for related substances when baseline separation between two peaks is not achieved. Figure 2
represents a partial separation of two substances, where Hp is the height above the extrapolated
baseline of the minor peak and Hv is the height above the extrapolated baseline at the lowest
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point of the curve separating the minor and major peaks:
p/v = Hp/Hv

Figure 2. Peak-to-valley ratio determination.
Relative Retardation (Rret): The relative retardation is the ratio of the distance traveled by the
analyte to the distance simultaneously traveled by a reference compound (see Figure 3) and is
used in planar chromatography.
Rret = b/c

Figure 3. Typical planar chromatography.
Relative Retention (r)1: The ratio of the adjusted retention time of a component relative to that
of another used as a reference obtained under identical conditions:
r = t R2

t M/t R1

tM

where t R2 is the retention time measured from the point of injection of the compound of interest;
t R1 is the retention time measured from the point of injection of the compound used as reference;
and t M is the retention time of a nonretained marker defined in the procedure, all determined
under identical experimental conditions on the same column.
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Relative Retention Time (RRT): Also known as unadjusted relative retention. Comparisons in
USP are normally made in terms of unadjusted relative retention, unless otherwise indicated.
RRT = t R2/t R1
The symbol rG is also used to designate unadjusted relative retention values.
Relative Standard Deviation in Percentage

Retardation Factor (RF): The retardation factor is the ratio of the distance traveled by the
center of the spot to the distance simultaneously traveled by the mobile phase and is used in
planar chromatography. Using the symbols in Figure 3:
RF = b/a
Retention Factor (k)1: The retention factor is also known as the capacity factor (k¢). Defined
as:

or

The retention factor of a component may be determined from the chromatogram:
k = (t R

t M)/t M

Retention Time (tR ): In liquid chromatography and gas chromatography, the retention time, t R, is
defined as the time elapsed between the injection of the sample and the appearance of the
maximum peak response of the eluted sample zone. t R may be used as a parameter for
identification. Chromatographic retention times are characteristic of the compounds they
represent but are not unique. Coincidence of retention times of a sample and a reference
substance can be used as a partial criterion in construction of an identity profile but may not be
sufficient on its own to establish identity. Absolute retention times of a given compound may vary
from one chromatogram to the next.
Retention Volume (VR ): The retention volume is the volume of mobile phase required for elution
of a component. It may be calculated from the retention time and the flow rate in mL/min:
VR = t R × F
Resolution (RS): The resolution is the separation of two components in a mixture, calculated by:
RS = 2 × (t R2

t R1)/(W1 + W2)

where t R2 and t R1 are the retention times of the two components; and W2 and W1 are the
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corresponding widths at the bases of the peaks obtained by extrapolating the relatively straight
sides of the peaks to the baseline.
Where electronic integrators are used, it may be convenient to determine the resolution, by the
equation:
RS = 1.18 × (t R2

t R1)/(W1,h/2 + W2,h/2)

Separation Factor ( ): The separation factor is the relative retention calculated for two
adjacent peaks (by convention, the value of the separation factor is always >1):
= k2/k1
Symmetry Factor (AS)2: The symmetry factor, also known as the tailing factor, of a peak (see
Figure 4) is calculated by:
AS = W0.05 /2f
where W0.05 is the width of the peak at 5% height and f is the distance from the peak maximum
to the leading edge of the peak, the distance being measured at a point 5% of the peak height
from the baseline.

Figure 4. Asymmetrical chromatographic peak.
Tailing Factor (T): See Symmetry Factor.
Change to read:
SYSTEM SUITABILITY
System suitability tests are an integral part of gas and liquid chromatographic methods. These
tests are used to verify that the chromatographic system is adequate for the intended analysis.
The tests are based on the concept that the equipment, electronics, analytical operations, and
samples analyzed constitute an integral system that can be evaluated as such.
Factors that may affect chromatographic behavior include the following:
Composition, ionic strength, temperature, and apparent pH of the mobile phase
Flow rate, column dimensions, column temperature, and pressure
Stationary phase characteristics, including type of chromatographic support (particlebased or monolithic), particle or macropore size, porosity, and specific surface area
Reverse-phase and other surface modification of the stationary phases, the extent of
chemical modification (as expressed by end-capping, carbon loading, etc.)
The resolution, RS, is a function of the number of theoretical plates, N (also referred to as
efficiency), the separation factor, , and the capacity factor, k. [Note—All terms and symbols
are defined in the preceding section Definitions and Interpretation of Chromatograms. ] For a
given stationary phase and mobile phase, N may be specified to ensure that closely eluting
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compounds are resolved from each other, to establish the general resolving power of the system,
and to ensure that internal standards are resolved from the drug. This is a less reliable means to
ensure resolution than is direct measurement. Column efficiency is, in part, a reflection of peak
sharpness, which is important for the detection of trace components.
Replicate injections of a standard preparation or other standard solutions are compared to
ascertain whether requirements for precision are met. Unless otherwise specified in the individual
monograph, data from five replicate injections of the analyte are used to calculate the relative
standard deviation, %RSD, if the requirement is 2.0% or less; data from six replicate injections are
used if the relative standard deviation requirement is more than 2.0%.
For the Assay in a drug substance monograph, where the value is 100% for the pure substance,
and no maximum relative standard deviation is stated, the maximum permitted %RSD is calculated
for a series of injections of the reference solution:
%RSD = KB n/t 90%, n

1

where K is a constant (0.349), obtained from the expression K = (0.6/ 2) × (t

90% ,5/

6), in

which 0.6/ 2 represents the required percentage relative standard deviation after six injections
for B = 1.0; B is the upper limit given in the definition of the individual monograph minus 100%; n
is the number of replicate injections of the reference solution (3

n

6); and t 90%, n

1

is the

Student’s t at the 90% probability level (double sided) with n 1 degrees of freedom.
Unless otherwise prescribed, the maximum permitted relative standard deviation does not exceed
the appropriate value given in the table of repeatability requirements. This requirement does not
apply to tests for related substances.
Relative Standard Deviation Requirements
Number of Individual Injections
3
4
5
6
B (%)
Maximum Permitted RSD
2.0
0.41
0.59
0.73
0.85
2.5
0.52
0.74
0.92
1.06
3.0
0.62
0.89
1.10
1.27
The symmetry factor, AS, a measure of peak symmetry, is unity for perfectly symmetrical peaks;
and its value increases as tailing becomes more pronounced (see Figure 4). In some cases, values
less than unity may be observed. As peak symmetry moves away from values of 1, integration,
and hence precision, become less reliable.
The signal-to-noise ratio (S/N) is a useful system suitability parameter. The S/N is calculated as
follows:
S/N = 2H/h
where H is the height of the peak measured from the peak apex to a baseline extrapolated over a
distance

5 times the peak width at its half-height; and h is the difference between the largest

and smallest noise values observed over a distance 5 times the width at the half-height of the
peak and, if possible, situated equally around the peak of interest (see Figure 5).
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Figure 5. Noise and chromatographic peak, components of the S/N ratio.
These system suitability tests are performed by collecting data from replicate injections of
standard or other solutions as specified in the individual monograph.
The specification of definitive parameters in a monograph does not preclude the use of other
suitable operating conditions.
Adjustments to the specified chromatographic system may be necessary in order to meet system
suitability requirements. In other circumstances, it may be desirable to use an HPLC column with
different dimensions to those prescribed in the official procedure (different length, internal
diameter, and/or particle size). In either case, changes in the chemical characteristics (“L”
designation) of the stationary phase will be considered a modification to the method and will
require full validation. 1S (USP36)
Adjustments are permitted only when
Suitable standards (including Reference Standards) are available for all compounds used in
the suitability test; and
Those standards show that the adjustments improved the quality of the chromatography
with respect to the system suitability requirements.
suitable standards (including Reference Standards) are available for all compounds used in the
suitability test; and the adjustments or column change yields a chromatogram that meets all the
system suitability requirements specified in the official procedure. 1S (USP36)

Adjustments to chromatographic systems performed in order to comply with system suitability
requirements are not to be made in order to compensate for column failure or system malfunction.
If adjustments of operating conditions are necessary in order to meet system suitability
requirements, each of the items in the following list is the maximum variation that can be
considered, unless otherwise directed in the monograph; these changes may require additional
validation data. To verify the suitability of the method under the new conditions, assess the
relevant analytical performance characteristics potentially affected by the change. Multiple
adjustments can have a cumulative effect on the performance of the system and are to be
considered carefully before implementation. Adjustments to the composition of the mobile phase in
gradient elution are not recommended. If adjustments are necessary, only column changes (same
packing material) or dwell volume adjustments are recommended.
Adjustments to the composition of the mobile phase in gradient elution may cause changes in
selectivity and should be made with caution. If adjustments are necessary, change in column
packing (maintaining the same chemistry), the duration of an initial isocratic hold (when
prescribed), and/or dwell volume adjustments are allowed. Additional allowances for gradient
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1S (USP36)

pH of Mobile Phase (HPLC): The pH of the aqueous buffer used in the preparation of the mobile
phase can be adjusted to within ±0.2 units of the value or range specified.
Applies to both gradient and isocratic separations. 1S (USP36)
Concentration of Salts in Buffer (HPLC): The concentration of the salts used in the preparation
of the aqueous buffer employed in the mobile phase can be adjusted to within ±10% if the
permitted pH variation (see above) is met.
Applies to both gradient and isocratic separations. 1S (USP36)
Ratio of Components in Mobile Phase (HPLC): The following adjustment limits apply to minor
components of the mobile phase (specified at 50% or less). The amounts of these components
can be adjusted by ±30% relative. However, the change in any component cannot exceed ±10%
absolute (i.e., in relation to the total mobile phase). Adjustment can be made to one minor
component in a ternary mixture. Examples of adjustments for binary and ternary mixtures are
given below.
Binary Mixtures
SPECIFIED RATIO OF 50:50: 30% of 50 is 15% absolute, but this exceeds the maximum permitted
change of ±10% absolute in either component. Therefore, the mobile phase ratio may be adjusted
only within the range of 40:60–60:40.
SPECIFIED RATIO OF 2:98: 30% of 2 is 0.6% absolute. Therefore, the maximum allowed
adjustment is within the range of 1.4: 98.6–2.6: 97.4.
Ternary Mixtures
SPECIFIED RATIO OF 60:35:5: For the second component, 30% of 35 is 10.5% absolute, which
exceeds the maximum permitted change of ±10% absolute in any component. Therefore the
second component may be adjusted only within the range of 25%–45% absolute. For the third
component, 30% of 5 is 1.5% absolute. In all cases, a sufficient quantity of the first component is
used to give a total of 100%. Therefore, mixture ranges of 50:45:5 to 70:25:5 or 58.5: 35: 6.5 to
61.5: 35: 3.5 would meet the requirement.
Wavelength of UV-Visible Detector (HPLC): Deviations from the wavelengths specified in the
procedure are not permitted. The procedure specified by the detector manufacturer, or another
validated procedure, is used to verify that error in the detector wavelength is, at most, ±3 nm.
Stationary Phase
COLUMN LENGTH (GC): Can be adjusted by as much as ±70%.
COLUMN LENGTH (HPLC):See Particle Size (HPLC) below.

1S (USP36)

COLUMN INNER DIAMETER (HPLC): Can be adjusted if the linear velocity is kept constant. See
Flow Rate (HPLC) below.
COLUMN INNER DIAMETER (GC): Can be adjusted by as much as ±50%.
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FILM THICKNESS (CAPILLARY GC): Can be adjusted by as much as

50% to 100%.

Particle Size (HPLC): The particle size can be reduced by as much as 50%, but cannot be
increased.
For isocratic separations, the particle size and/or the length of the column may be modified
provided that the ratio of the column length (L) to the particle size (dp) remains constant or into
the range between

25% to +50% of the prescribed L/dp ratio. Alternatively, other combination

of L and dp can be used provided that the number of theoretical plates (N) is within 25% to
+50%, relative to the prescribed column. Caution should be taken when the adjustment results in
a higher number of theoretical plates which generates smaller peak volumes, which may require
adjustments to minimize extra-column band broadening by factors as instrument plumbing,
detector cell volume and sampling rate, and injection volume. When particle size is not mentioned
in the monograph, the ratio must be calculated using the largest particle size consigned in the
USP definition of the column. For gradient separations, changes in length, column inner diameter
and particle size are not allowed. 1S (USP36)
Particle Size (GC): Changing from a larger to a smaller or from a smaller to a larger particle size
GC mesh support is acceptable if the chromatography meets the requirements of system
suitability and the same particle size range ratio is maintained. The particle size range ratio is
defined as the diameter of the largest particle divided by the diameter of the smallest particle.
Flow Rate (GC): The flow rate can be adjusted by as much as ±50%.
Flow Rate (HPLC): When column dimensions have been modified, the flow rate can be adjusted
using:

in which F 1 is the flow rate indicated in the monograph, in mL/min; F 2 is the adjusted flow rate, in
mL/min; l1 is the length of the column indicated in the monograph; l2 is the length of the column
used; d1 is the column inner diameter indicated in the monograph; and d2 is the internal diameter
of the column used. Additionally, the flow rate can be adjusted by ±50%.
When the particle size is changed, the flow rate may require adjustment, because smallerparticle columns will require higher linear velocities for the same performance (as measured by
reduced plate height). Flow rate changes for both a change in column diameter and particle size
can be made by:
F 2 = F 1 × [(dc 22 × dp1)/(dc 12 × dp2)]
where F 1 and F 2 are the flow rates for the original and modified conditions, respectively; dc 1 and
dc 2 are the respective column diameters; and dp1 and dp2 are the particle sizes.
When a change is made from 3-µm particles to <3-µm particles in isocratic separations, an
additional increase in linear velocity (by adjusting flow rate) may be justified, provided that the
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column efficiency does not drop by more than 20%. Similarly, a change from <3-µm to 3-µm
particles may require additional reduction of linear velocity (flow rate) to avoid reduction in
column efficiency by more than 20%. Changes in F, dc, and dp are not allowed for gradient
separations.
Additionally, the flow rate can be adjusted by ±50% (isocratic only).
EXAMPLES: Adjustments in column length, internal diameter, particle size, and flow rate can be
used in combination to give equivalent conditions (same N), but with differences in pressure and
run time. The table below lists some of the more popular column configurations to give equivalent
efficiency (N), by adjusting these variables.
Length
(L, mm)
250
150
150
100
100
75
75
50
50

Column
Diameter
(dc, mm)
4.6
4.6
2.1
4.6
2.1
4.6
2.1
4.6
2.1

Relative Values
Particle Size
(dp, µm)
10
5
5
3.5
3.5
2.5
2.5
1.7
1.7

L/dp
25,000
30,000
30,000
28,600
28,600
30,000
30,000
29,400
29,400

F
0.5
1.0
0.2
1.4
0.3
2.0
0.4
2.9
0.6

N
0.8
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

Pressure
0.2
1.0
1.0
1.9
1.9
4.0
4.0
8.5
8.5

Run Time
3.3
1.0
1.0
0.5
0.5
0.3
0.3
0.1
0.1

For example, if a monograph specifies a 150-mm × 4.6-mm; 5-µm column operated at 1.5 mL/min,
the same separation may be expected with a 75-mm × 2.1-mm; 2.5-µm column operated at 1.5
mL/min × 0.4 = 0.6 mL/min, along with a pressure increase of about four times and a reduction in
run time to about 30% of the original. 1S (USP36)
Injection Volume (HPLC): The injection volume can be reduced as far as is consistent with
accepted precision and detection limits; no increase is permitted.
The injection volume can be adjusted as far as it is consistent with accepted precision and
detection limits. Note that excessive injection volume can lead to unacceptable band broadening,
causing a reduction in N and resolution. Applies to both gradient and isocratic separations.
1S (USP36)

Injection Volume and Split Volume (GC): The injection volume and split volume may be
adjusted if detection and repeatability are satisfactory.
Column Temperature (HPLC): The column temperature can be adjusted by as much as ±10 .
Column thermostating is recommended to improve control and reproducibility of retention time.
Applies to both gradient and isocratic separations. 1S (USP36)
Oven Temperature (GC): The oven temperature can be adjusted by as much as ±10%.
Oven Temperature Program (GC): Adjustment of temperatures is permitted as stated above.
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When the specified temperature must be maintained or when the temperature must be changed
from one value to another, an adjustment of up to ±20% is permitted.
Unless otherwise directed in the monograph, system suitability parameters are determined from
the analyte peak.
Measured values of Rr, RF, or t R for the sample substance do not deviate from the values obtained
for the reference compound and mixture by more than the statistically determined reliability
estimates from replicate assays of the reference compound. Relative retention times may be
provided in monographs for informational purposes only to aid in peak identification. There are no
acceptance criteria applied to relative retention times.
Suitability testing is used to ascertain the effectiveness of the final operating system, which
should be subjected to this testing. Make injections of the appropriate preparation(s) as required
in order to demonstrate adequate System suitability (as described in the Chromatographic
system section of the method in a monograph) throughout the run.
The preparation can be a standard preparation or a solution containing a known amount of
analyte and any additional materials (e.g., excipients or impurities) useful in controlling the
analytical system. Whenever there is a significant change in the chromatographic system
(equipment, mobile phase component, or other components) or in a critical reagent, System
suitability is to be reestablished. No sample analysis is acceptable unless the suitability of the
system has been demonstrated.
QUANTITATION
During quantitation, disregard peaks caused by solvents and reagents or arising from the mobile
phase or the sample matrix.
In the linear range, peak areas and peak heights are usually proportional to the quantity of
compound eluting. The peak areas and peak heights are commonly measured by electronic
integrators, but may be determined by more classical approaches. Peak areas are generally used,
but may be less accurate if peak interference occurs. The components measured are separated
from any interfering components. Peak tailing and fronting is minimized, and the measurement of
peaks on tails of other peaks are avoided when possible.
Although comparison of impurity peaks with those in the chromatogram of a standard at a similar
concentration is preferred, impurity tests may be based on the measurement of the peak response
due to impurities and expressed as a percentage of the area of the drug peak. The standard may
be the drug itself at a level corresponding to, for example, 0.5% impurity, assuming similar peak
responses. When impurities must be determined with greater certainty, use a standard of the
impurity itself or apply a correction factor based on the response of the impurity relative to that
of the main component.
External Standard Method: The concentration of the component(s) quantified is determined by
comparing the response(s) obtained with the sample solution to the response(s) obtained with a
standard solution.
Internal Standard Method: Equal amounts of the internal standard are introduced into the
sample solution and a standard solution. The internal standard is chosen so that it does not react
with the test material, is stable, is resolved from the component(s) quantified (analytes), and
does not contain impurities with the same retention time as that of the analytes. The
concentrations of the analytes are determined by comparing the ratios of their peak areas or peak
heights and the internal standard in the sample solution with the ratios of their peak areas or peak
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heights and the internal standard in the standard solution.
Normalization Procedure: The percentage content of a component of the test material is
calculated by determining the area of the corresponding peak as a percentage of the total area of
all the peaks, excluding those due to solvents or reagents or arising from the mobile phase or the
sample matrix and those at or below the limit at which they can be disregarded.
Calibration Procedure: The relationship between the measured or evaluated signal y and the
quantity (e.g., concentration, mass) of substance x is determined, and the calibration function is
calculated. The analytical results are calculated from the measured signal or evaluated signal of
the analyte and its position on the calibration curve.
In tests for impurities for both the External Standard Method, when a dilution of the sample
solution is used for comparison, and the Normalization Procedure, any correction factors indicated
in the monograph are applied (e.g., when the response factor is outside the range 0.8–1.2).
When the impurity test prescribes the total of impurities or there is a quantitative determination
of an impurity, choice of an appropriate threshold setting and appropriate conditions for the
integration of the peak areas is important. In such tests the limit at or below which a peak is
disregarded is generally 0.05%. Thus, the threshold setting of the data collection system
corresponds to at least half of this limit. Integrate the peak area of any impurity that is not
completely separated from the principal peak, preferably by valley-to-valley extrapolation
(tangential skim).
1 The parameters k, N, r, and r were developed for isothermal GC separations and isocratic HPLC separations.
G
Because these terms are thermodynamic parameters, they are only valid for separations made at constant
temperature, mobile phase composition, and flow rate. However, for separations made with a temperature
program or solvent gradient, these parameters may be used simply as comparative means to ensure that
adequate chromatographic conditions exist to perform the methods as intended in the monographs.
2 It is also a common practice to measure the Asymmetry Factor as the ratio of the distance between the vertical
line connecting the peak apex with the interpolated baseline and the peak front, and the distance between that
line and the peak back measured at 10% of the peak height (see Figure 4), would be (W 0.10
However, for the purposes of USP, only the formula (A S) as presented here is valid.

f0.10 )/f0.10 .

BRIEFING
790 Visible Particulates in Injections. This proposed new general test chapter is the first
of two being developed to address the inspection of visible particulates in injectable drug
products. Visual inspection of parenteral products is driven by the need to minimize the
introduction of unintended particulate matter into patients during the delivery of injectable
medications. Such inspection also offers the opportunity to reject nonconforming units, such as
those with cracks or incomplete seals that pose a risk to the sterility of the product. Even though
defects occur infrequently and many times are random events, there is still the expectation that
each finished unit be inspected (100% inspection). Human visual performance is critical to the
assessment of visible particles. The detection of visible particles is probabilistic; i.e., the
probability of detection increases with increasing particle size. Although zero defects is the
desired goal and should drive continuous process improvement, it is not a workable acceptance
criterion for visible particulate matter because of current packaging components and processing
capability. USP has adopted the terminology of “essentially free” to recognize this current state;
however, a more precise definition of “essentially free” is needed to prevent misunderstanding and
to aid in communication of this important quality attribute. The proposed new general test
chapter outlines a procedure for performing visual inspection and a specification for determining if
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products in commerce meet the USP definition of “essentially free”.
The second chapter in development 1790 Particulate Matter Determination Visual
Inspection will provide general information and guidance for best practices in the area of
particulate and container/closure defect monitoring and control. This informational chapter will
provide an overview of the elements of a life cycle approach to support continual process
improvement extending from inspection of incoming primary packaging to filled product release.
Focus areas will cover the development of a stabilized manual inspection and how this baseline
can be used to qualify semi-automated manual and fully automated inspection. Other key topics
will be inspector training/qualification, defect libraries, inspection standards development,
particulate and container/closure defect characterization, data trending, stability, retention, and
other supporting systems to the visual inspection process. The proposed chapter will appear in PF
late in 2012.
(PSD: D. Hunt.)
Correspondence Number—C107864

Comment deadline: May 31, 2012
Add the following:
790

VISIBLE PARTICULATES IN INJECTIONS

All products intended for parenteral administration must be visually inspected for the presence of
visible defects and particulate matter as specified in Injections 1 . In order to ensure the
control of defects throughout the process, manufacturers should consider an inspection life cycle
approach in key focus areas. This approach begins with developing quality attributes based on
incoming component specifications followed by component-level acceptance testing. It extends to
component preparation and product-filling procedures, followed by 100% in-process inspection of
filled product, and concluding with final quality unit acceptance testing (AQL) of finished product.
Stability and retention sample inspection, customer complaint handling, and in-house investigative
procedures are all related to this integrated process. The inspection life cycle is composed of and
is supported by subcycles (involving qualification, maintenance, personnel training, defect
characterization, and use of standards) within each of the key focus areas. The final element of
the life cycle is a feedback loop of trending and data review from each of these process areas,
resulting in a mechanism that supports continual process improvement.
Where used in this chapter, the term essentially free means that when injectable drug products
are inspected as described herein, no more than the specified number of units, as described
below, may be observed to contain visible particulates. Particulate matter is defined in Particulate
Matter in Injections 788 as mobile undissolved particles, other than gas bubbles,
unintentionally present in solutions. This chapter applies to these extrinsic particles. Some
products, such as those derived from proteins, may contain intrinsic particles or agglomerates. In
such cases, requirements for visible particulates are specified in the individual monograph.
This chapter is intended for products that have been 100% inspected as part of the
manufacturing process—it is not sufficient for batch-release testing alone, and a complete
program for the control and monitoring of particulate matter remains an essential prerequisite. The
chapter is suitable for dry sterile solids for injection when reconstituted as directed in the labeling.
Other procedures that have been demonstrated to achieve the same or better sensitivity for
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visible particulates can be used as an alternative to the one described here.
Injections must be free from visible particulates when examined without magnification (except for
optical correction as may be required to establish normal vision) against a black background and
against a white background with illumination that at the inspection point has an intensity between
2000 and 3750 lux. This can be achieved by the use of two 15-W fluorescent lamps (e.g.,
F15/T8). The use of a high-frequency ballast to reduce flicker from the fluorescent lamps is
recommended. Higher illumination intensity is recommended for examination of colored solutions or
product in containers other than clear glass.
Before performing the inspection, remove any adherent labels from the container and wash and
dry the outside. The unit under inspection should be gently swirled and/or inverted, ensuring that
no air bubbles are produced, and inspected for approximately 5 s against each of the
backgrounds. The presence of any particles should be recorded.
For batch-release purposes, sample and inspect the batch using ANSI/ASQ Z1.4 General
Inspection Level II single sampling plans for normal inspection or ISO 2859-1 with an AQL of
0.65%. Not more than the specified number of units contains visible particulates.
If it becomes necessary to evaluate product that has been shipped to customers (e.g., because
of a complaint or regulatory concern), sample and inspect 20 units. If no particles are observed in
the sample, the batch is considered essentially free of visible particulates. If one unit is observed
to contain particles, sample and inspect an additional 80 units. If no additional units are observed
to contain particles, the batch is considered essentially free of visible particulates. 1S (USP36)
BRIEFING
841 Specific Gravity, USP 35 page 406. On the basis of comments received, it is proposed
to include a statement allowing the usage of gravimetric/gravimetric preparation.
(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C112846

Comment deadline: May 31, 2012
841

SPECIFIC GRAVITY

Change to read:
Unless otherwise stated in the individual monograph, the specific gravity determination is
applicable only to liquids, and unless otherwise stated, is based on the ratio of the weight of a
liquid in air at 25 to that of an equal volume of water at the same temperature. Where a
temperature is specified in the individual monograph, the specific gravity is the ratio of the weight
of the liquid in air at the specified temperature to that of an equal volume of water at the same
temperature. When the substance is a solid at 25 , determine the specific gravity of the melted
material at the temperature directed in the individual monograph, and refer to water at 25 .
Unless otherwise stated in the individual monograph, the density is defined as the mass of a unit
volume of the substance at 25 , expressed in kilograms per cubic meter or grams per cubic
centimeter (1 kg/m3 = 10–3 g/cm3).
Where the density is known, mass can be converted to volume, or volume converted to mass,
by the formula: volume = mass/density. 1S (USP36)
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Unless otherwise directed in the individual monograph, use Method I.
METHOD I
Procedure—Select a scrupulously clean, dry pycnometer that previously has been calibrated by
determining its weight and the weight of recently boiled water contained in it at 25 . Adjust the
temperature of the liquid to about 20 , and fill the pycnometer with it. Adjust the temperature of
the filled pycnometer to 25 , remove any excess liquid, and weigh. When the monograph specifies
a temperature different from 25 , filled pycnometers must be brought to the temperature of the
balance before they are weighed. Subtract the tare weight of the pycnometer from the filled
weight.
The specific gravity of the liquid is the quotient obtained by dividing the weight of the liquid
contained in the pycnometer by the weight of water contained in it, both determined at 25 ,
unless otherwise directed in the individual monograph.
METHOD II
The procedure includes the use of the Oscillating transducer density meter. The apparatus
consists of the following:
a U-shaped tube, usually of borosilicate glass, which contains the liquid to be examined;
a magneto-electrical or piezo-electrical excitation system that causes the tube to
oscillate as a cantilever oscillator at a characteristic frequency depending on the density
of the liquid to be examined;
a means of measuring the oscillation period (T), which may be converted by the apparatus
to give a direct reading of density or used to calculate density by using the constants A
and B described below; and
a means to measure and/or control the temperature of the oscillating transducer
containing the liquid to be tested.
The oscillation period is a function of the spring constant (c) and the mass of the system:
T 2 = {(M/c) + [(

× V)/c]} × 4 2

where is the density of the liquid to be tested, M is the mass of the tube, and V is the volume
of the filled tube.
Introduction of two constants A = c/(4 2 × V) and B = (M/V) leads to the classical equation for
the oscillating transducer:
= A × T2 – B
The specific gravity of the liquid is given by the formula:
(L)/

where

(L)

and

(W)

(W)

are the densities of the liquid and water, respectively, both determined at 25
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, unless otherwise directed in the individual monograph.
Calibration—The constants A and B are determined by operating the instrument with the U-tube
filled with two different samples of known density (e.g., degassed water and air). Perform the
control measurements daily, using degassed water. The results displayed for the control
measurement using degassed water do not deviate from the reference value ( 25 = 0.997043
g/cm3) by more than its specified error. Precision is a function of the repeatability and stability of
the oscillator frequency. Density meters are able to achieve measurements with an error on the
order of 1 × 10–3 g/cm3 to 1 × 10–5 g/cm3 and a repeatability of 1 × 10–4 g/cm3 to 1 × 10–6
g/cm3. For example, an instrument specified to ±1 × 10–4 g/cm3 must display 0.9970 ± 0.0001
g/cm3 in order to be suitable for further measurement, otherwise a readjustment is necessary.
Calibration with certified reference materials should be carried out regularly.
Procedure—Using the manufacturer's instructions, perform the measurements using the same
procedure as for Calibration. If necessary, equilibrate the liquid to be examined at 25 before
introduction into the tube to avoid the formation of bubbles and to reduce the time required for
measurement. Factors affecting accuracy include the following:
temperature uniformity throughout the tube,
nonlinearity over a range of density,
parasitic resonant effects, and
viscosity, if the oscillating transducer density meters used do not provide automatic
compensation of sample viscosity influence.
BRIEFING
1031 The Biocompatibility of Materials Used in Drug Containers, Medical Devices, and
Implants, USP 35 page 472. The following revisions, based on Expert Committee deliberations, are
proposed:
1.
2.
3.

Update Table 1.
Reference those toxicity chapters not in the USP with appropriate External Standards.
Make other changes consistent with the revisions proposed for general chapters
Biological Reactivity Tests, In Vitro

87

and Biological Reactivity Tests, In Vivo

88 .

(TOX: R.Tirumalai.)
Correspondence Number—C112781

Comment deadline: May 31, 2012
1031

THE BIOCOMPATIBILITY OF MATERIALS USED IN DRUG CONTAINERS, MEDICAL
DEVICES, AND IMPLANTS

Change to read:
This chapter provides guidance on the identification and performance of procedures for evaluating
the biocompatibility of drug containers, elastomeric closures, medical devices, and implants.
Biocompatibility refers to the tendency of these products to remain biologically inert throughout
the duration of their contact with the body. The biocompatibility testing procedures referenced in
this chapter are designed to detect the nonspecific, biologically reactive, physical or chemical
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characteristics of medical products or the materials used in their construction. In combination
with chemical assays, these biological procedures can be used to detect and identify the inherent
or acquired toxicity of medical products prior to or during their manufacturing and processing.
Preclinical testing procedures to evaluate the safety of the elastomers, plastics, or other polymers
used in the construction of medical products are referenced or described in the following general
chapters: Injections
In Vivo

1 , Biological Reactivity Tests, In Vitro

87 , Biological Reactivity Tests,

88 , Transfusion and Infusion Assemblies and Similar Medical Devices

161 ,

Elastomeric Closures for Injections 381 , and Containers—Plastics 661 . Specific in vitro and
in vivo testing procedures to evaluate the biocompatibility of medical products in patients are
described under Biological Reactivity Tests, In Vitro

87

and under Biological Reactivity Tests,

In Vivo 88 .
The procedures used to evaluate the biocompatibility of a medical product or its construction
materials have been categorized as a panel of biological effects (toxicity procedures):
cytotoxicity, sensitization, irritation or intracutaneous reactivity, acute systemic toxicity,
subchronic toxicity (subacute toxicity), genotoxicity, implantation, hemocompatibility, chronic
toxicity (extending beyond 10% of the life span of the test animal or beyond 90 days),
carcinogenicity, reproductive or developmental toxicity, and biodegradation.1 The USP general
chapters referring to the toxicity procedures for these categories are indicated in Table 1. In
addition, pyrogenicity, an area of special toxicity, is evaluated under Pyrogen Test
under Bacterial Endotoxins Test
sensitization

151

and

85 . There are currently no general chapters that detail

1S (USP36)

subchronic toxicity, genotoxicity, chronic toxicity, carcinogenicity, hemotoxicity, reproductive
toxicity, or biodegradation testing
2

1S (USP36)

requirements.
Table 1. Toxicity Procedures in the USP General Chapters
Biological Effect
USP General Chapter
Cytotoxicity
Sensitization
Irritation or
intracutaneous
reactivity
Systemic toxicity
(acute toxicity)
Subchronic toxicity
(subacute toxicity)
Genotoxicity

Biological Reactivity Tests, In Vitro 87 *
[to come]
Sensitization Testing 1184
1S (USP36)
Biological Reactivity Tests, In Vivo

88

Biological Reactivity Tests, In Vivo

88

[to come]
1S (USP36)

[to come]
1S (USP36)

Implantation

Biological Reactivity Tests, In Vivo

88

†
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Under development in the USP monograph Sterile Single-Use Plastic LargeVolume Containers for Human Blood and Blood Components
1S (USP36)

Chronic toxicity

[to come]
1S (USP36)

Carcinogenicity

[to come]
1S (USP36)

Reproductive or
developmental
toxicity
Biodegradation

[to come]
1S (USP36)

[to come]
1S (USP36)

* Additional general chapters referring to this biological effect include Transfusion and Infusion
Assemblies and Similar Medical Devices 161 , Elastomeric Closures for Injections 381 , and
Containers—Plastics 661 .
† Additional general chapters referring to this biological effect include Injections 1 ,
Transfusion and Infusion Assemblies and Similar Medical Devices
for Injections 381 , and Containers—Plastics 661 .

161 , Elastomeric Closures

DRUG CONTAINERS
Biocompatibility of Plastic and Other Polymeric Drug Containers
Pharmaceutical containers consist of a container and a closure. Plastic containers may consist of
polymers that upon extraction do not alter the stability of the contained product or do not exhibit
toxicity. The biocompatibility testing requirements for drug containers are stated under Injections
1 and Containers—Plastics 661 . As directed in these chapters, the plastic or other
polymeric portions of these products are tested according to the procedures set forth under
Biological Reactivity Tests, In Vitro

87 . A plastic or other polymer that does not meet the

requirements of Biological Reactivity Tests, In Vitro 87 is not a suitable material for a drug
container. Materials that meet the in vitro requirements qualify as biocompatible materials without
the need for further testing and may be used in the construction of a drug container. If a class
designation (classes I–VI) for plastics or other polymers is desired, the appropriate testing
procedures are performed as discussed in the section In Vivo Testing and Class Designation.
Elastomeric Closures
Elastomeric closures are closures that can be pierced by a syringe and maintain their integrity
because of their elastic properties. Elastomeric materials may be composed of several chemical
entities including fillers, pigments, plasticizers, stabilizers, accelerators, vulcanizing agents, and a
natural or a synthetic polymer. These materials are used for manufacturing a product with the
desired elastomeric physical properties, and they frequently demonstrate biological reactivity—
cellular degeneration and malformation—when tested with in vitro cell cultures.
The biocompatibility of an elastomeric material is evaluated according to the two-stage testing
protocol specified in the Biological Test Procedures under Elastomeric Closures for Injections
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381 . Unlike plastics or other polymers, an elastomeric material that does not meet the
requirements of the first-stage (in vitro) testing may qualify as a biocompatible material by
passing the second-stage (in vivo) testing, which consists of the Systemic Injection Test and the
Intracutaneous Test described under Biological Reactivity Tests, In Vivo 88 . No class or type
distinction is made between elastomeric materials that meet the requirements of the first stage of
testing and those that qualify as biocompatible materials by meeting the second-stage
requirements. Elastomeric materials are not assigned class I–VI designation.
MEDICAL DEVICES AND IMPLANTS
Medical devices and implants, labeled nonpyrogenic, in direct or indirect contact with the
cardiovascular system or other soft body tissues, meet the requirements described under
Transfusion and Infusion Assemblies and Similar Medical Devices 161 . The products listed in
this chapter that meet the criteria are solution administration sets, extension sets, transfer sets,
blood administration sets, intravenous catheters, dialyzers and dialysis tubing and accessories,
transfusion and infusion assemblies, and intramuscular drug delivery catheters. The outlined
criteria do not apply to medical products such as orthopedic products, latex gloves, and wound
dressings.
The testing requirements described or referenced under Transfusion and Infusion Assemblies and
Similar Medical Devices 161 include Sterility, Bacterial endotoxins, Pyrogen, and Other
requirements. A procedure to evaluate the presence of bacterial endotoxins is set forth under
Bacterial Endotoxins Test

85 , and the limits are set in Bacterial Endotoxins under Transfusion

and Infusion Assemblies and Similar Medical Devices
by the Bacterial Endotoxins Test
Pyrogen Test

151

85

161 . For devices that cannot be tested

because of nonremovable inhibition or enhancement, the

is applied. The procedures for evaluating medical devices purported to

contain sterile pathways are set forth in Sterile Devices under Sterility Tests 71 . A procedure
for evaluating the safety of medical devices is set forth in the Safety Test under Biological
Reactivity Tests, In Vivo 88 .
The plastic or other polymer components of medical devices meet the requirements specified for
plastics and other polymers under Containers—Plastics

661 ; those made of elastomers meet

the requirements under Elastomeric Closures for Injections 381 . As directed in these chapters,
the biocompatibility of the plastic, other polymeric, and elastomeric portions of these products are
tested according to the procedures described under Biological Reactivity Tests, In Vitro 87 . If
a class designation for a plastic or other polymer is also required, the appropriate testing
procedures described under Biological Reactivity Tests, In Vivo 88 are performed.
As required for elastomeric closures, elastomeric materials that do not meet the in vitro
requirements may qualify as biocompatible materials and may be used in the construction of
medical devices if they meet the requirements of the Systemic Injection Test and the
Intracutaneous Test under Biological Reactivity Tests, In Vivo 88 . As required for drug
containers, plastics and other polymers that do not meet the in vitro testing requirements are not
suitable materials for use in medical devices.
Change to read:
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IN VITRO TESTING, IN VIVO TESTING, AND CLASS DESIGNATION FOR PLASTICS AND OTHER
POLYMERS
The testing requirements specified under Biological Reactivity Tests, In Vitro

87

and Biological

Reactivity Tests, In Vivo 88 are designed to determine the biological reactivity of mammalian
cell cultures and the biological response of animals to elastomeric, plastic, and other polymer
materials with direct or indirect patient contact. The biological reactivity of these materials may
depend on both their surface characteristics and their extractable chemical components. The
testing procedures set forth in these chapters can often be performed with the material or an
extract of the material under test, unless otherwise specified.
Preparation of Extracts
Evaluation of the biocompatibility of a whole medical product is often not realistic; thus, the use
of representative portions or extracts of selected materials may be the only practical alternative
for performing the assays. When representative portions of the materials or extracts of the
materials under test are used, it is important to consider that raw materials may undergo chemical
changes during the manufacturing, processing, and sterilization of a medical product. Although in
vitro testing of raw materials can serve as an important screening procedure, a final evaluation of
the biocompatibility of a medical product is performed with portions of the finished and sterilized
product.
The preparation of extracts is performed according to the procedures set forth under Biological
Reactivity Tests, In Vitro

87

and under Biological Reactivity Tests, In Vivo

88 . Extractions

may be performed at various temperatures (121 , 70 , 50 , or 37 ), for various time intervals (1
hour, 24 hours, or 72 hours), and in different extraction media. The choice of extraction medium
for the procedures under Biological Reactivity Tests, In Vitro 87 includes Sodium Chloride
Injection (0.9% NaCl) or tissue culture medium with or without serum. When medium with serum is
used, the extraction temperature cannot exceed 37 . In vivo extraction medium includes the
choices described under Biological Reactivity Tests, In Vivo 88 or the solvent to which the
drug or medical device is exposed.
When choosing extraction conditions, select the temperature, solvent, and time variables that
best mimic the “in use” conditions of the product. The performance of multiple tests at various
conditions can be used to simulate variations in the “in use” conditions. Although careful selection
of extraction conditions allows the simulation of manufacturing and processing conditions in the
testing of raw materials, an evaluation of the biocompatibility of the product is performed with the
finished and sterilized product.
Prior to use, ascertain that leachables or extractables are present in the leachate or extract, by
a suitable validated identification test against the solvent/medium as the control. Where
appropriate, quantification of the leachable or extractable in the sample and dose-response
determinations may be needed. In vitro tests that produce positive responses are candidates for
the in vivo tests described in Biological Reactivity Tests, In Vivo 88 , or in other specific
regulatory guidances. If extracts do not contain any leachable or extractable, as ascertained by a
suitable validated Identification test against the solvent/medium as the control, further testing
using these extracts, as described in Biological Reactivity Tests, In Vitro

87

and Biological
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88 , may not be necessary, with appropriate justification.

1S (USP36)

In Vitro Testing
The procedures described under Biological Reactivity Tests, In Vitro 87 include an Agar
Diffusion Test (indirect contact test), a Direct Contact Test, and an Elution Test (extraction
test). The sample is biocompatible if the cell cultures do not exhibit greater than a mild reactivity
(Grade 2) to the material under test, as described under Biological Reactivity Tests, In Vitro

87

. The Agar Diffusion Test is designed to evaluate the biocompatibility of elastomeric materials.
The material is placed on the agar overlay of the cell monolayer, which cushions the cells from
physical damage by the material and allows leachable chemicals or materials to diffuse from the
elastomer and contact the cell monolayer. Extracts of elastomeric materials are tested by placing
the filter paper saturated with an extract of the elastomer on the solidified surface of the agar.
The Direct Contact Test is designed for elastomeric or plastic materials that will not physically
damage cells with which they are in direct contact. Any leachable chemicals diffuse from the
material into the serum-supplemented growth medium and directly contact the cell monolayer.
The Elution Test is designed to evaluate the extracts of polymeric materials. The material may be
applied directly to the tissue culture media.
The performance of either the Agar Diffusion Test or the Direct Contact Test in combination with
the Elution Test is the preferred testing protocol. Extraction of the product or materials for the
Agar Diffusion Test or the Elution Test is performed as described in the Preparation of Extracts.
Prior to use in the Agar Diffusion Test or the Elution Test, ascertain that leachables or
extractables are present in the leachate or extract, by a suitable validated Identification test
against the solvent/medium as the control. Where appropriate, quantification of the leachable or
extractable in the sample and dose-response determinations may be needed. 1S (USP36)
In Vivo Testing and Class Designation
According to the injection and implantation requirements specified in Table 1 under Biological
Reactivity Tests, In Vivo 88 , plastics and other polymers are assigned a class designation
between class I and class VI. To obtain a plastic or other polymer class designation, extracts of
the test material are produced according to the specified procedures in various media.
Prior to use, ascertain that leachables or extractables are present in the leachate or extract, by
a suitable validated identification test against the solvent/medium as the control. Where
appropriate, quantification of the leachable or extractable in the sample and dose-response
determinations may be needed. 1S (USP36)
To evaluate biocompatibility, the extracts are injected systemically and intracutaneously into mice
and rabbits
guinea pigs 1S (USP36)
. According to the specified injection requirements, a plastic or other polymer may initially be
graded as class I, II, III, or V. If in addition to injection testing, implantation testing using the
material itself is performed, the plastic or other polymer may be classified as class IV or class VI.

PF 38(2): Mar.-Apr. 2012

95

Change to read:
BIOCOMPATIBILITY OF MEDICAL DEVICES AND IMPLANTS
In addition to evaluating medical products for compendial purposes according to the procedures
specified under Injections

1 , Sterility

Biological Reactivity Tests, In Vivo

71 , Biological Reactivity Tests, In Vitro

87 ,

88 , Transfusion and Infusion Assemblies and Similar Medical

Devices 161 , Elastomeric Closures for Injections 381 , and Containers—Plastics 661 ,
medical devices and implants are evaluated for sensitization, subchronic toxicity, genotoxicity,
hemocompatibility, chronic toxicity, carcinogenicity, reproductive or developmental toxicity, and
biodegradation as required by the regulatory agencies.
The guidance provided by the regulatory agencies indicates that the extent of testing that is
performed for a medical device or an implant depends on the following factors: (1) the similarity
and uniqueness of the product relative to previously marketed (“predicate”) products as
considered in the Decision Flowchart; (2) the extent and duration of the contact between the
product and the patient as described in the Categorization of Medical Devices; and (3) the
material composition of the product as considered in the sections Decision Flowchart and In Vivo
Testing and Class Designation.
Decision Flowchart
Guidance on comparing a medical device or an implant to previously marketed products is provided
by the Biocompatibility Decision Flowchart (see Figure 1.3)

Figure 1. Biocompatibility flowchart.
as adapted from the FDA's Blue Book Memorandum #G95-1. The purpose of the flowchart is to
determine whether the available data from previously marketed devices are sufficient to ensure
the safety of the device under consideration. As indicated by the flowchart, the material
composition and the manufacturing techniques of a product are compared to those of the
previously marketed products for the devices that come in direct contact with the body. In
addition, the flowchart requires an evaluation of the toxicity of any unique material that has not
been used in predicate devices. Responses to the questions posed in the flowchart lead to the
conclusion that either the available data are sufficient or additional testing is required to ensure
the safety of the product. When additional testing is required, guidance on the identification of
appropriate testing procedures is provided in the section Test Selection Matrix.
Categorization of Medical Devices
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To facilitate the identification of appropriate testing procedures, medical devices are divided and
subdivided, as shown in Table 2, according to the nature and extent of their contact with the
body. Major categories of medical devices are surface devices, external communicating devices,
and implant devices. These are then further subcategorized. Some examples of medical devices
and implants belonging to each of the subcategories are also presented in Table 2.
Table 2. Classification and Examples of Medical Devices
Device
Device
Nature or
Some Examples
Category
Subcategory
Extent of
Contact
Skin
Devices that
Electrodes, external prostheses, fixation tapes,
contact intact compression bandages, and monitors of various
skin surfaces types
only
Devices
Contact lenses, urinary catheters, intravaginal
communicating and intraintestinal devices (stomach tubes,
Mucosal
with intact
sigmoidoscopes, colonoscopes, gas troscopes),
Surface
Membrane
mucosal
endotracheal tubes, bronchoscopes, dental
Devices
membranes
prostheses, orthodontic devices, and
intrauterine devices
Breached or
Devices that
Ulcer, burn, and granulation tissue dressings or
Compromised
contact
healing devices and occlusive patches
Surfaces
breached or
otherwise
compromised
body surfaces
Blood Path,
Devices that
Solution administration sets, extension sets,
Indirect
contact the
transfer sets, and blood administration sets
blood path at
one point and
serve as a
conduit for
entry into the
vascular
system
Tissue, Bone, or Devices and
Laparoscopes, arthroscopes, draining systems,
Dentin
materials
dental cements, dental filling materials, and skin
Communicating communicating staples
with tissue,
External
bone, or pulp
Communicating
and dentin
Devices
system
Circulating blood Devices that
Intravascular catheters, temporary pacemaker
contact
electrodes, oxygenators, extracorporeal
circulating
oxygenator tubing and accessories, dialyzers,
blood
dialysis tubing and accessories,
hemoadsorbents, and immunoadsorbents
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Implant
Devices
Blood
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Devices
principally
contacting
bone or
principally
contacting
tissue and
tissue fluid
Devices
principally
contacting
blood

Examples of the former are orthopedic pins,
plates, replacement joints, bone prostheses,
cements, and intraosseous devices; examples
of the latter are pacemakers, drug supply
devices, neuromuscular sensors and simulators,
replacement tendons, breast implants, artificial
larynxes, subperiosteal implants, and ligation
clips
Pacemaker electrodes, artificial arteriovenous
fistulae, heart valves, vascular grafts, internal
drug delivery catheters, and ventricular-assist
devices

Test Selection Matrix
The matrix provides guidance on the identification of appropriate biological testing procedures for
the three categories of medical devices: tests for Surface Devices (see Table 3), tests for
External Communicating Devices (see Table 4), and tests for Implant Devices (see Table 5). Each
category of devices is subcategorized and then even further subdivided according to the duration
of the contact between the device and the body. The duration of contact is defined as (A)
limited (less than 24 hours); (B) prolonged (24 hours to 30 days); or (C) permanent (more than 30
days). The biological effects that are included in the matrix are cytotoxicity, sensitization,
irritation or intracutaneous reactivity, systemic toxicity, subchronic toxicity, genotoxicity,
implantation, hemocompatibility, chronic toxicity, carcinogenicity, reproductive or developmental
toxicity, and biodegradation. The general chapters that contain toxicity testing procedures for
these biological effects are indicated in Table 1.
Each subcategory in the matrix has an associated panel of testing requirements. Generally, the
number of tests in the panel increases as the duration of the contact between the device and the
body is extended and as the device or implant comes in closer contact with the circulatory
system. Within several subcategories, the option of performing additional tests beyond those
required should be considered on a case-by-case basis. Specific situations such as use of
permanent implant devices or external communicating devices for pregnant women
and children 1S (USP36)
have to be taken into consideration in the manufacturer's decision to include reproductive or
developmental testing. Guidance on the identification of possible additional testing procedures is
provided in the matrix for each subcategory of medical devices.
GUIDANCE IN SELECTING THE PLASTIC OR OTHER POLYMER CLASS DESIGNATION FOR A
MEDICAL DEVICE
To provide guidance on selecting the appropriate plastic or other polymer class designation for a
medical device, each subcategory of Surface Devices (see Figure 2)
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Figure 2. USP plastic and other polymer class requirements for surface devices.* Categorization
based on duration of contact: limited—less than 24 hours; prolonged—24 hours to 30 days;
permanent—more than 30 days.† USP Plastic Class designation.
and External Communicating Devices (see Figure 3)

Figure 3. USP plastic and other polymer class requirements for external communicating devices. *
Categorization based on duration of contact: limited—less than 24 hours; prolonged—24 hours to
30 days; permanent—more than 30 days.† USP Plastic Class designation.
is assigned a USP Plastic Class designation (see Biological Reactivity Tests, In Vivo 88 ). If the
tests for each USP class designation are not sufficient for a specific device, the manufacturer or
the practitioner must develop an appropriate set of tests. The indicated numerical class number
increases relative to the duration (risk) of contact between the device and the body. In the
category of Implant Devices, the exclusive use of class VI is mandatory. The assignment of USP
Plastic Class designation is based on the test selection matrices illustrated in Tables 3, 4, and 5.
The assignment of a plastic or other polymer class designation to a subcategory is not intended
to restrict the use of higher classes of plastics or other polymers. Although the assigned class
defines the lowest numerical class of plastic or other polymer that may be used in the
corresponding device, the use of a numerically higher class of plastic is optional. When a device
can be defined as belonging to more than one device category, the plastic or other polymer
should meet the requirements of the highest numerical class.
Table 3. Test Selection Matrix for Surface Devices*
b

Device Categories

Biological Effect

Cytotoxicity

Sensitization

Irritation or
Intracutaneous
Reactivity

Systemic
Toxicity
(Acute)

Subchronic
Toxicity
(Subacute)

Genotoxicity

Implantation

Hemocompatability

Chronic
Toxicity

Carcinogenicity

Reproductive
or
Development
Toxicity

Biodegradation

A

X

X

X

—

—

—

—

—

—

—

—

—

B

X

X

X

—

—

—

—

—

—

—

—

—

C

X

X

X

—

—

—

—

—

—

—

—

—

A

X

X

X

—

—

—

—

—

—

—

—

—

B

X

X

X

O

O

—

O

—

—

—

—

—

C

X

X

X

O

X

X

O

—

O

—

—

—

A

X

X

X

O

—

—

—

—

—

—

—

—

B

X

X

X

O

O

—

O

—

—

—

—

—

C

X

X

X

O

X

X

O

—

O

—

—

—

Contact
Body Contact

Duration

Skin

Surface
Devices

Mucosal
Membrane
Breached or
Compromised
Surfaces

a

a Legend A—limited (less than 24 hours); B—prolonged (24 hours to 30 days); C—permanent (more than 30 days).
b Legend X—ISO evaluation tests for consideration; O—additional tests that may be applicable.
* Adapted from the FDA's Blue Book Memorandum #G95-1 (Table 1. Initial Evaluation Tests for Consideration and Table 2. Supplementary Evaluation Tests for Consideration).

Table 4. Test Selection Matrix for External Communicating Devices*
Device Categories

Biological Effect

Cytotoxicity

Sensitization

Irritation or
Intracutaneous
Reactivity

Systemic
Toxicity
(Acute)

Subchronic
Toxicity
(Subacute)

Genotoxicity

Implantation

Hemocompatability

Chronic
Toxicity

Carcinogenicity

Reproductive
or
Development
Toxicity

Biodegradation

A

X

X

X

X

—

—

—

X

—

—

—

—

B

X

X

X

X

O

—

—

X

—

—

—

—

C

X

X

O

X

X

X

O

X

X

X

—

—

A

X

X

X

O

—

—

—

—

—

—

—

—

B

X

X

O

O

O

X

X

—

—

—

—

—

C

X

X

O

O

O

X

X

—

X

X

—

—

A

X

X

X

X

—

O

—

X

—

—

—

—

B

X

X

X

X

O

X

O

X

—

—

—

—

C

X

X

X

X

X

X

O

X

X

X

—

—

Contact
Body Contact

Blood Path, Indirect

External
Communicating
Devices

Tissue, Bone, or Dentin
Communicating

Circulating Blood

b

Duration

a

a Legend A—limited (less than 24 hours); B—prolonged (24 hours to 30 days); C—permanent (more than 30 days).
b Legend X—ISO evaluation tests for consideration; O—additional tests that may be applicable.
* Adapted from the FDA's Blue Book Memorandum #G95-1 (Table 1. Initial Evaluation Tests for Consideration and Table 2. Supplementary Evaluation Tests for Consideration).
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Table 5. Test Selection Matrix for Implant Devices*
b

Device Categories

Biological Effect

Contact
Body Contact

Implant
Devices

Tissue
or
Bone

Carcinogenicity

Reproductive
or
Development
Toxicity

Biodegradation

—

—

—

—

—

—

—

—

X

X

—

—

X

X

—

—

—

—

X

X

X

—

—

—

—

X

X

X

X

X

—

—

Sensitization

Irritation or
Intracutaneous
Reactivity

Systemic
Toxicity
(Acute)

Subchronic
Toxicity
(Subacute)

Genotoxicity

Implantation

X

X

O

—

—

—

X

X

O

O

O

X

C

X

X

O

O

O

A

X

X

X

X

B

X

X

X

C

X

X

X

Duration a

Cytotoxicity

A

X

B

Hemocompatability

Chronic
Toxicity

—

—

X

—

X

X

—

—

X

O

X

X

Blood
a Legend A—limited (less than 24 hours); B—prolonged (24 hours to 30 days); C—permanent (more than 30 days).
b Legend X—ISO evaluation tests for consideration; O—additional tests that may be applicable.
* Adapted from the FDA's Blue Book Memorandum #G95-1 (Table 1. Initial Evaluation Tests for Consideration and Table 2. Supplementary Evaluation Tests for Consideration).

1 ISO document 10993-1:1997 entitled Biological Evaluation of Medical Devices—Part 1: Evaluation and Testing.
2
See OEC D Guidelines for Testing of C hemicals at www.oecd.org. 1S (USP36)

3 1S (USP36)
Adapted from the FDA Blue Book Memorandum #G95-1 (“Use of International Standard ISO10993.‘Biological Evaluation of Medical Devices-Part 1: Evaluation and Testing.’”)
BRIEFING
1083 Good Distribution Practices—Supply Chain Integrity. Because there is no
information in the USP–NF on this subject, a new general information chapter is being proposed.
This new chapter will be a part of the series of information chapters describing various aspects of
the pharmaceutical supply chain. The current official chapter in this series is Good Storage and
Shipping Practices 1079 , with a recent proposal for revision appearing in PF 37(4). A workshop
will be held May 22 and 23 at USP in Rockville to discuss comments on Good Distribution Practices
—Supply Chain Integrity

1083

that have been received from industry.

(SM1: D. Hunt.)
Correspondence Number—C102568

Comment deadline: May 31, 2012
Add the following:
1083

GOOD DISTRIBUTION PRACTICES—SUPPLY CHAIN INTEGRITY
PURPOSE

This general information chapter describes a set of recommended practices for helping to ensure
supply chain integrity for drug components (drug substances and excipients) and drug products
(medicines). Worldwide efforts to help protect the integrity of medicine supply systems are
ongoing and quickly changing. The nonmandatory information in this chapter is intended to
contribute to the growing body of resources and best-practices information to enhance and
protect supply chain integrity.
SCOPE
Supply chain integrity involves minimizing risks that arise anywhere along the supply chain, from
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the sourcing of the pharmaceutical raw materials to the manufacture of the medicinal ingredients,
and also to the finished dosage form (medicine) itself in its packaging and its distribution to a
patient or consumer. The goal of good distribution practices is to encourage sound business
practices that help deter interference and manipulation by bad actors and also to provide
effective means to detect adulterated drug components and drug products to prevent them from
entering the supply chain. The global supply chain for pharmaceuticals and medical devices is
complex, with many components of a medicine now typically arriving at the point of manufacture
from other countries.
In the United States, Congress addressed supply system integrity with passage of the Prescription
Drug Marketing Act in 1988. That legislation responded to the challenge of drug diversion in the
wholesale distribution system and introduced the first requirement for drug pedigrees to identify
prior sales, purchases, or trades of drugs by anyone other than an authorized distributor of
record. That paper pedigree system proved problematic, particularly because the potential profits
for bad actors grew along with the rise of the modern pharmaceutical industry and with the
emergence of more complex drug reimbursement schemes (e.g., Medicare and Medicaid). Congress
responded with requirements aimed at encouraging a broader system of electronic track-andtrace pedigrees. The FDA Amendments Act of 2007 amended the federal Food, Drug, and
Cosmetic Act (FDCA) with a new provision addressing pharmaceutical security. That provision,
which FDA is now implementing, directs the agency to develop a standardized numerical identifier
for prescription drugs and to develop standards for the identification, validation, authentication,
and tracking/tracing of prescription drugs. (See final FDA Guidance for Industry on Standards for
Securing the Drug Supply Chain—Standardized Numerical Identification for Prescription Drug
Packages at http://www.fda.gov/RegulatoryInformation/Guidances/ucm125505.htm).
This general information chapter provides recommendations on how to minimize risk in international
supply chains via effective partnerships and manufacturing quality systems. The chapter also
gives special consideration to counterfeit medicines and provides definitions under U.S. law.
Threats to supply chain integrity are legion, encompassing such threats as the insertion of
counterfeit and adulterated medicines into distribution for simple economic gain or purposes of
terrorism, as well as cargo theft of regulated products and their diversion for illegal purposes. The
types, medical consequences, and distribution mechanisms of counterfeit medicines are described
below, followed by recommended best practices to detect and combat them. Anticounterfeiting
technologies described below include the use of authentication technologies on primary
packaging, and the establishment of drug pedigrees with the use of machine-readable data
carriers. Best practices are provided for manufacturers to protect their products and to combat
counterfeit sales through illegal Internet pharmacies. Cargo theft of medicines is increasing and
guidance on good security practices is provided to assist in combating these occurrences.
This chapter may be of use to all organizations and individuals involved in the global supply chain
for raw materials, drug components and medicines in their packaging, including the following:
Manufacturers of drug substances and excipients
Manufacturers of legally marketed drug products for human use where manufacturing
operations are located at the applicant holder’s facilities or at facilities belonging to the
application holder’s contractor
Transportation companies involved in automobile, truck, rail, sea, and air services
Third-party logistic providers, freight forwarders, and consolidators
Brokers, importers, and exporters
Packaging operations by the applicant holder or designated contractor
Repackaging operations in which the drug product may be owned by an organization other
than the primary manufacturer
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Wholesalers and distributors
Pharmacies, including retail, mail-order, hospital, and nursing home pharmacies
Mail distributors including the U.S. Postal Service and other expedited shipping services
DEFINITIONS
Importation
The process of importing raw materials, drug components, and drug products is at risk for
opportunistic insertion of counterfeit or contaminated products, goods, and materials into the
supply chain. By devoting heightened due diligence to assure proactive business practices and
implementing appropriate controls and processes throughout all supply chains, the drug product
manufacturer can help ensure that the product reaches the end user with its quality intact.
Appropriate controls and processes also help ensure that imported drugs are treated in a manner
consistent with federal law which, under the import provisions of FDCA Title VIII, requires that, as
with domestic drugs, imported drugs adhere to the following:
Must not be adulterated [i.e., must meet any applicable compendial standards and must
comply with good manufacturing practices (GMPs)]
Must not be misbranded (i.e., must have adequate labeling and no false or misleading
statements and must be manufactured in an establishment registered with FDA under
FDCA Section 510)
Must be legally marketed (i.e., subject to license either with an NDA or BLA, or other valid
marketing authority)
Must (if subject to Rx) be dispensed only upon a valid prescription
Must be distributed with an appropriate pedigree
Importers include entities, their agents, or brokers who make an import declaration (i.e., a duty
entry form that describes the products, goods, and materials acquired from another country) and
who are liable for any payment of duties on the imported products, goods, and materials.
Typically, the importer is named as the consignee in the shipping documents and/or the buyer in
the exporter’s invoice. Manufacturers, repackagers, distributors, or other entities who import
products and materials for the purposes of producing and/or selling drug components, drug
products, and medical devices are importers. Importers are responsible for knowing and
understanding the relevant laws and requirements of both the exporting and importing countries.
Product safety and security expectations of importers are aimed at minimizing risks along the
product supply chain and integrating integrity measures to secure the supply chain, as
appropriate. These measures include product track-and-trace technology or chain-of-custody
approaches along with verification of product suppliers, agents, or brokers. Collaborating with
custom officials and other law enforcement agencies is an additional way an importer can gain a
greater understanding of the strengths and weaknesses within the supply chain.
Importers should undertake three primary initiatives beyond ensuring compliance with applicable
federal laws and regulations in order to help prevent and detect potential risks that could impact
product safety along with product and supply chain integrity:
A risk-based approach to supply chain management
Development of effective and trustworthy supplier partnerships and contracts
A quality system for the management of supply chain integrity
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Each of these initiatives is discussed further below.
Supply Chain Risk Management
Importers should establish a risk-based process to assess, identify, and understand the critical
areas in their supply chains and should clearly assign responsibilities. A formal, documented quality
assurance program should be established for supply chain operations, along with a mechanism to
disseminate supply chain information within the organization.
Drug substances and excipients may be imported directly from the manufacturer via a short supply
chain or from a distributor/broker or a number of distributors/brokers involved in a long, complex
supply chain that involves many countries. Importers themselves should audit the drug substance
and excipient manufacturers, or use established third-party audit firms and not rely solely on a
completed questionnaire from the manufacturer. Failure to know and confirm the identity of the
drug substance and excipient manufacturers and their exact manufacturing locations (show
factory) gives rise to the risk that the item is actually produced in another location (shadow
factory) by either the original company or subcontractors under conditions that do not satisfy
GMP requirements. Recommended measures include the following:
Confirm the name(s) and geographic location(s) of suppliers and their subcontractors
Investigate the company’s reputation, and determine if it is a subsidiary of a larger
company
Establish that the supplier is registered with its national regulatory authorities and is
licensed to manufacture pharmaceutical ingredients (not bulk chemicals)
Determine whether subcontractors are used by suppliers and for what purpose, and
establish their identity
Establish procedures to prevent tampering during shipment, e.g., tamper-evident
embossed tape on boxes and drums or numbered seals on bulk materials
Verify or test the products, goods, or materials throughout the supply chain, e.g., by
verification or testing at certain supply chain stops/points
Verify the shipping documentation associated with the imported product or material, i.e.,
its chain of custody
Be alert to signals/events/disruptions in the environment or changes in the supplier’s
organization that may negatively impact suppliers, subcontractors, or the products, goods,
or materials
Be alert to information that could indicate counterfeiting or other fraudulent activities such
as offers to sell the product at a price significantly below market value.
Development of Effective Supplier Partnerships
Spending time in advance to fully investigate, assess, and understand if a potential supplier is a
suitable partner helps avoid problems that could arise later. It also provides an indication of the
supplier’s willingness to work with the importer in resolving unforeseen issues or complying with
new requests. A supplier’s cooperation and ability to comply with the importer’s requirements are
crucial in a contractual relationship.
An initial investigation and assessment of a potential supplier should be conducted in person and
onsite where the product or material is made, as a quality audit and in accordance with
appropriate regulatory requirements for the importer’s country (e.g., cGMP compliance for U.S.
markets). This approach helps to ensure that a robust quality system is in place and helps to gain
a better understanding of the product or material to be imported. The results from the initial
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assessment provide the working baseline for further engagement with the supplier. Any areas of
concern should be discussed and addressed with corrective or preventive action plans as needed.
Recommended measures include the following:
Investigate the supplier’s reputation by reviewing its business rating (e.g., Dunn &
Bradstreet rating), any intellectual property or trademark infringements, or other violations
Research the supplier’s certifications, e.g., those from the International Organization for
Standardization (ISO) and those in the World Customs Organization’s Authorized Economic
Operator program such as the Customs–Trade Partnership against Terrorism (C-TPAT),1
and the Customs Watch programs (EU or comparable programs)2
Determine the supplier’s experience and reputation as a vendor for the pharmaceutical
industry to determine the company’s commitment to the long-term viability of its business
and dedication to product safety and integrity
Check to see if the supplier has registered with a verification program
Evaluate the supplier’s regulatory compliance with the laws and requirements of both the
exporting and importing countries
Establish procedures and schedules for conducting ongoing routine supplier assessments to
avoid subtle, progressive, or surreptitious loss of quality following internal cost cutting or
subcontracting as a cost-saving measure (quality fade)
Incorporate into the contract or formal agreement the results of continuous assessment of
supplier requirements and expectations, thereby enhancing confidence that the supplier
will provide a quality product in a safe and secure manner
Establish procedures for corrective actions when a product does not meet specifications,
when the importer’s requirements are not met, or when there are changes in the supplier’s
business
Building a Supply Chain Quality System
Existing quality management frameworks such as ICH Q10 Pharmaceutical Quality System, ISO, or
comparable guidances or standards provide a solid basis for ensuring product safety. Product and
supply chain integrity, however, require going beyond the typical product compliance and control
measures described in these quality frameworks. Importers can enhance their processes, policies,
specifications, procedures, and documentation for product safety and supply chain integrity by
meeting the requirements of the American National Standards Institute’s Security Assurance
Standard (ANSI/NASPO SA-2008) or other comparable standard. Recommended measures include
the following:
Establish a senior management structure that collectively focuses on product safety,
product integrity, and supply chain integrity
Establish and document well-defined roles and responsibilities for addressing product and
supply chain integrity issues such as product adulteration, counterfeiting, theft, and
diversion
Ensure that staff have appropriate training, knowledge, experience, skills, and competence
to perform their roles and responsibilities
Institute mechanisms for continual improvement by facilitating communication, information
sharing, and prioritization to ensure implementation of refined business processes and
technological solutions.
COUNTERFEIT DRUGS AND MEDICAL DEVICES
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Definitions of Counterfeit and Substandard Drugs
Legal definitions of counterfeit, falsified, or substandard drugs vary from country to country, and
some nations do not have a legal definition. The European Parliament in June 2011 adopted
Directive 2011/62/EU, amending Directive 2001/83/EC, to add extensive requirements to prevent
entry into the legal supply chain of falsified medicinal products. The Directive included a detailed
definition of “falsified medicinal product” (see Article 1 point 33) that pertains to any medicinal
product with a false representation of its identity, source, or history. In the United States FDCA,
21 USC 321 §201(g)(2), defines a counterfeit drug as the following:
A drug which, or the container or labeling of which, without authorization, bears the trademark,
trade name, or other identifying mark, imprint, or device, or any likeness thereof, of a drug
manufacturer, processor, packer, or distributor other than the person or persons who in fact
manufactured, processed, packed, or distributed such drug and which thereby falsely purports or
is represented to be the product of, or to have been packed or distributed by, such other drug
manufacturer, processor, packer, or distributor.
Substandard medicines are drug products whose composition and ingredients do not meet their
quality standards and specifications. Counterfeit and substandard are not interchangeable terms,
but for convenience and simplicity this chapter refers to both as counterfeit.
Types of Counterfeit Drugs
All forms of medicine, including those that purport or appear to be branded, generic, over-thecounter, or biologic drugs, in tablet, injectable, or other dosage forms, are under threat of being
counterfeit or substandard, The most common motive for producing a counterfeit drug product is
commercial gain (i.e., economically motivated adulteration), achieved by providing a reduced
amount of the drug substance or even totally lacking any drug substance, or by substituting
another lower-cost drug substance. Similarly, excipients can be omitted, reduced, or replaced. In
some cases the amount of drug substance can be greater than the labeled content (i.e., the
economic motivation may be evasion of regulatory requirements, or compendial quality standards).
Counterfeit drug products may contain the correct amount of ingredients but may not be
manufactured according to GMPs and/or may be processed in sites that are not registered with
the relevant regulatory authority. Counterfeiters often use modern packaging and printing
technologies to produce fake labels and primary and secondary packaging in order to deceive
pharmaceutical companies, regulators, wholesalers, distributors, pharmacies, and end users. Using
these technologies, counterfeiters can duplicate or produce facsimiles of some of the
authentication added by manufacturers to deter counterfeiters. Counterfeiters also can produce
fake labels and primary packaging with altered expiration dates that falsely prolong the shelf life.
Although counterfeit drugs target all therapeutic categories, differences can depend on
geographical location and disease prevalence. In developing countries, anti-infective drugs that
treat life-threatening conditions are extensively counterfeited as well as simple analgesics,
antihistamines, and vitamins. In developed countries, expensive and best-selling drugs are
counterfeiters’ targets. Public health officials can list the drugs at highest risk for counterfeiting,
but these do not take into account unexpected opportunities such as an outbreak or threat of a
pandemic disease or a sudden shortage of a widely used drug. Counterfeiters are opportunistic
and quickly offer to supply such drugs and will cease doing so when the threat recedes or the
shortage is remedied.
Medical Consequences of Counterfeit Drugs
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The clinical outcomes for patients who take counterfeit or substandard drugs can vary widely
from lack of efficacy to death and are rarely documented except in the cases of either successful
prosecutions or multiple deaths. Even in the event of multiple deaths, it is difficult to obtain
accurate statistics in developing countries. For example, the meningitis vaccine used in Niger in
1995–1996 contained only water and resulted in an estimated 2500 deaths. The absence or low
levels of drug substance in counterfeit antimalarial drugs are believed to cause a large number of
deaths annually in Africa and Southeast Asia. Toxic ingredients also can cause death or serious
illness. In 2008, batches of heparin sourced from China were found to be adulterated with
oversulfated chondroitin sulfate, a molecule that mimics heparin’s anticoagulant effect but to a
lesser degree. The adulterated product was linked to an increase in serious adverse events and
deaths, resulting in the withdrawal of heparin injection and heparin-containing medical devices
and diagnostic products from a number of countries.
The use of toxic excipients such as diethylene glycol-contaminated glycerin or diethylene glycol
has occurred in five countries since 1990. The latest occurred in Panama in 2006 and caused at
least 115 deaths. Serious side effects also can occur when an additional drug substance is added
to the drug product or completely replaces the drug substance stated on the label. Patients may
be hypersensitive to the additional/replacement drug substance, or the drug substance may be
intended to produce a therapeutic effect that can be quite different from that of the labeled
drug.
Besides their adverse effects on individual patients, counterfeit drugs pose a wider threat to the
global health care system. Subtherapeutic doses of antibiotics contribute to the development of
disease-resistant strains of bacteria. The failure of counterfeit or substandard drug products to
provide the desired therapeutic effect can undermine public confidence and can cause patients to
seek alternative drug products such as herbal medicines or traditional nonmedical approaches,
especially in developing countries. In addition, markets where counterfeits are allowed to thrive
can find it increasingly difficult to support legitmate producers and distributors.
Distribution and Extent of Counterfeit Drugs and Devices
Patients’ access to prescription drug products and medical devices involves controlled channels
such as doctors, hospitals, or registered pharmacies as well as unlicensed channels such as illegal
pharmacies, street markets, criminals, etc. Another channel (pharma-tourism) involves traveling to
other countries in order to obtain drug products. Yet another source is the Internet, which
provides a mechanism for global sourcing of drug products and medical devices and provides
criminals an almost perfect mechanism for advertising and selling counterfeit drug products and
medical devices with little risk to themselves. The supplier and the recipient never meet in person
because advertising, ordering, and payment take place in cyberspace. Only the delivery of the
drug products or medical devices by mail is a physical transaction. The pharmacy’s server may be
in one country, the advertiser’s server (spammer) in another country, the manufacturing site in a
third, processing of credit card payments in a fourth, the banking facilities in a fifth, and the
criminals running the operation in a sixth country.
Because of the paucity of information, the exact extent of counterfeit drugs either in individual
countries or globally is not known. Counterfeiters do their best to hide the extent of their business
practices, and so estimates generally are based on the amount of products seized by customs
agents or raids on vendors followed by an in-depth investigation by law enforcement or regulatory
authorities. Some general points can be made. In countries with strong regulatory oversight
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combined with alert and proactive law enforcement and honest pharmaceutical manufacturers,
wholesalers, distributors, and pharmacists (e.g., North America, Western Europe, and Japan), the
amount of counterfeit drugs entering the marketplace is low at present. The number of
counterfeits reaching these countries is increasing and is predicted to continue to rise in the
future. The amount of counterfeit drugs in developing countries varies from country to country
but is considerably higher than in North America, Western Europe, and Japan. Strong
governmental action to combat counterfeit and substandard drugs produces a sharp decrease in
their availability, but such actions must be applied continuously or the levels will return rapidly to
their previous level.
BEST PRACTICES TO COMBAT COUNTERFEIT DRUGS AND MEDICAL DEVICES
Combating counterfeit drugs and medical devices requires the combination of a number of
strategies that involve the cooperation of stakeholders such as pharmaceutical or device
manufacturers, supply-chain entities, regulatory authorities, law enforcement, and patients. No
single approach or entity can be successful working in isolation—the brand holder may detect
counterfeits and identify their source, but has no powers to enforce the law itself. Enforcement
and apprehension require the cooperation of national authorities such as the U.S. Immigration and
Customs Enforcement’s Homeland Security Investigations, U.S. Customs and Border Protection,
FDA, the U.S. Postal Inspection Service, and the Drug Enforcement Administration, along with
multinational and global organizations such as the International Criminal Police Organization, World
Customs Organization, the Permanent Forum on International Pharmaceutical Crime, the European
Heads of Medicine Agencies Working Group of Enforcement Officers, and the World Health
Organization’s International Medical Products Anti-Counterfeiting Taskforce.
Packaging Technologies
Packaging technologies such as tamper-evident designs, authentication technologies, and
serialization are an integral part of brand protection and are applicable to both the product label
on the primary packaging and/or on the secondary packaging. Although tamper-evident designs
are relatively simple (e.g., perforated openings or tamper-evident seals), they can be combined
with a number of more sophisticated authentication technologies in an approach described as
layering. Authentication technologies are classified as overt, covert, and forensic. These
authentication technologies are not new, and many have been used in the bank note and
explosives industries. Overt technologies can be detected by eye, smell, or touch without any
other assistance and are readily discernable to pharmacists, patients, and counterfeiters. Typical
features include raised printing, color-changing inks, watermarks, and optically variable devices
(holograms). Covert features require instrumentation such as scanners or microscopes for viewing
or reading. Typical covert features include microtext and microthreads, nano-encryption,
taggants, and invisible or luminescent inks that are sensitive to a specific wavelength of light
(e.g., UV or black light). Information about covert features and the equipment required to detect
them must be provided so personnel in any part of the supply chain can recognize them. Forensic
features require sophisticated laboratory tests, and brand owners keep their presence a closely
guarded secret for use in legal proceedings. From a drug development perspective, analysts
should be aware of extractables and leachables from a label’s adhesive, ink, etc. that can be used
in the process of product authentication when their presence is known and because of their
unique chemical structure. For example, this applies to the special inks used for labels of
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semipermeable containers.
One limitation of these approaches is that they protect the package, not the product. Physical–
chemical identifiers (PCIDs) are substances that possess a unique physical or chemical property
and are added directly to solid oral dosage forms. Examples of PCIDs include inks, pigments,
flavors, and molecular taggants that possess established safety profiles. A substance employed as
a PCID should not adversely affect the identity, strength, quality, purity, potency, or
bioavailability of the solid oral dosage form. Such substances may be in use as food additives,
colorants, or excipients.
Establishment of Drug Pedigrees
A drug pedigree is a statement of origin that identifies each prior sale, purchase, or trade of a
drug, including the date of the transactions and the names and addresses of all parties involved.
This can be recorded on paper or electronically (e-pedigree) to secure the drug supply chain
against entry of counterfeit, stolen, diverted, subpotent, substandard, adulterated, misbranded,
or expired drugs and additionally can assist in product recalls. The advent of electronic pedigrees
has been anticipated for many years, but has proved difficult to realize for a wide variety of
reasons mostly related to the practicality and affordability of the technology, and to the logistical
complexities of introducing new business and regulatory requirements across industries
(manufacturers, distributors, and users in the healthcare industry) and widely diverse national
regulatory jurisdictions. Most envisioned pedigree systems entail giving each prescription drug
package a unique identifying code called a standardized numerical identifier (SNI) at the point of
manufacture. If a drug container’s contents are subdivided during repackaging or if the
manufacturer’s smallest unit-of-sale package (e.g., prefilled syringes) is repackaged and sold
individually, then a new and unique SNI must be applied to each unit of the subdivided packaging
and to each of the separated drug-filled containers. To maintain traceability, the repackager’s
SNIs must be linked to the manufacturer’s SNI. SNIs can be created by combining the 10character National Drug Code (NDC) for the drug with a serial number of up to 20 characters
(numbers or letters and numbers). The SNI can be applied to packaging in both human-readable
and machine-readable forms. The human-readable form enables the package to be identified when
electronic means are unavailable or when pedigree transactions are recorded on paper.
The implementation for e-pedigrees requires that the SNI be incorporated into a machine-readable
data carrier such as a 2-dimentional bar code (2D bar code) or a radio-frequency identification
(RFID) tag. A 2D bar code consists of square modules arranged within a perimeter-finder pattern
that is variable in size and data capacity. The data matrix subset ECC 200 is the only version that
supports the GS1 System of global standards for identification and error checking and correction
algorithms. Specifications for ECC 200 have been published in ISO 16022:2006 Automatic
Identification and Data Capture Techniques—Data Matrix Bar Code Symbology Specifications.
Two-dimensional scanners or vision systems can read data matrix symbology but require a direct
line of sight.
RFID uses electromagnetic waves to transmit data between a terminal (interrogator or reader)
containing an antenna and a tag (transponder) with an integrated circuit and an antenna. RFID
tags are described as active if their own power source sends and receives information, semiactive
if the power source operates the chip circuitry but does not communicate with the interrogator,
or passive if they do not possess their own power supply and respond only when interrogated.
The information received by the terminal is stored in a database. RFID tags can be read at a
distance, but the range varies considerably depending on whether the tag is active or passive,
the radio frequency used, the antenna size, the amount of stored information, and the local

PF 38(2): Mar.-Apr. 2012

108

environment. For example, the presence of metal or water can significantly reduce the range for
passive tags. RFID tags do not need a direct line of sight for reading and can be placed
underneath a product label and still be read.
Application of Machine-Readable Data Carriers to Drug Products
To establish an electronic drug pedigree, 2D bar codes and/or RFID tags are required on the unit
of sale, secondary or tertiary packaging (case), or pallets. Different carrier types can be selected
for different levels of packaging, e.g., 2D bar code or RFID tag applied to the unit of sale and RFID
tags used at the case and pallet level. Information can be added to the primary container itself by
laser-etching 2D bar codes directly onto the glass or plastic container surface for parenteral
products. Container vendors could include information such as glass batch, container lot number,
manufacturer, manufacturing location, date of manufacture, and so on. Etching the 2D bar code
on the container surface at the pharmaceutical manufacturing facility or adding the 2D bar code
to the product label could provide drug product information. RFID tags can be added under or on
the product label or on the cap or bottom of a container.
The addition of a data carrier to the primary container–closure system must not affect the safety,
identity, strength, quality, and purity of the drug. Concern has been expressed about the
possibility that accidental, repeated interrogation of an RFID tag may adversely affect
biopharmaceuticals via nonthermal effects. Recent studies have indicated that several hormones,
immunoglobulins, and vaccines are not affected by high doses of effective isotropic radiated
power (EIRP) under experimental conditions. It is too early to extend these limited results to all
biopharmaceuticals, and analysts should study the effects of electromagnetic radiation on these
products before using RFID tags on their primary packaging. Alternatively, 2D bar codes can be
used instead of RFID chips on primary packaging for biopharmaceuticals because 2D bar codes do
not involve radio emissions.
An RFID testing protocol for biopharmaceuticals should include the following parameters:
Use of a range of standard frequencies: high frequency (13.56 MHz) and ultrahigh
frequency (915 MHz and 2.4 GHz)
Power level: at least 8 W EIRP (double the level approved by the Federal Communications
Commission)
Test chamber: dark, temperature-controlled radio-frequency (RF) anechoic chamber
Distance of product from power source: position at which at least 90% of peak RF power
is applied
Time frame: at least 24 h
Determination of effect of RF exposure: analyze the product by purity and stabilityindicating assays
Repackaging Guidance, Information Retention, and Security
Repackaging plays an important and increasing role in drug distribution, but also presents
challenging and unique issues in terms of assuring and maintaining the integrity of the medicine
supply. For example, repackaging drug products can lead to the loss of security devices placed on
the packaging by the manufacturer and removal of the data carrier. Repackagers should add
equivalent authentication devices, along with a new data carrier programmed with the original
information. In addition, procedures must be in place to ensure the destruction of the removed
packaging to prevent counterfeiters from obtaining it and adding counterfeit product to the
genuine packaging.
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All the information collected in the drug pedigree for each unit of sale for each batch should be
retained for the same period of time as all other batch records. The volume of data generated will
be considerable and will require investment in data storage capabilities. The consolidation or
linkage of the data generated by the various parties in the supply chain will be challenging and will
be further complicated if the product is repackaged.
The presence of an RFID tag on a prescription drug product package should be clear,
conspicuous, and accurate and should be indicated by either a statement or a symbol that has
been developed in agreement with all parties involved in the drug supply chain. Information on an
RFID tag may be read covertly at a distance without direct line of sight and without the patient’s
knowledge if the tag is still active on the drug product. This raises privacy concerns for the
patient, and this issue should be addressed if RFID tags are used on the item of sale. If the tag
will be disabled (killed) it should be done at the last step in the supply chain just before it is
provided to the patient. This places an additional burden on the dispenser (pharmacy, hospital, or
physician’s office) and destroys information that would be required if a product recall is initiated.
Currently available tags can be temporarily deactivated and then later reanimated using a special
device that retrieves the information. These RFID tags are known as zombie tags and are one
approach to allay patient concerns about privacy issues. The alternative approach is to use 2D
bar codes because they cannot be covertly read at a distance and require a direct line of sight at
short range.
International Standards and Global Approaches to Establishing Drug Pedigrees
Because drug products and medical devices are items of commerce, they can use current readily
accepted global trade standards. The GS1 system of standards is the most widely used supply
chain standards system and includes standards for both 2D bar codes and RFID (Electronic
Product Code standard EPCglobal) and the Global Trade Item Number as an identifier for items in
trade. GS1 standards depend on international standards such as those issued jointly by ISO and
the International Electrotechnical Commission.
The European Federation of Pharmaceutical Industries has a project for coding and identification
that uses a 2D data matrix bar code to demonstrate the feasibility of mass serialization of drug
packs within the European Union. The project uses an existing GS1 EAN open standard and data
matrix code ECC 200. This approach is supported by the Groupement International de la
Répartition Pharmaceutique Européenne, an umbrella group that represents European
pharmaceutical wholesalers. This group suggests that although RFID may be a solution in the
future, the current best practice is to use 2D bar codes. France has added to its packaging a 2D
data matrix ECC 200 bar code and GS1-128 syntax that contains the CIP13 code, batch number,
expiration date, and human-readable text. Other countries, for example, Turkey, have published
requirements for the addition of 2D bar codes to the primary packaging of pharmaceuticals.
Within the European Union, the mass serialization of product packs is not envisaged to follow each
step through the supply chain but to provide a way to allow authentication of prescription drug
products at the point of dispensing by the pharmacist by transmitting the code electronically to a
centralized data base. This would allow the pharmacist to determine whether the drug had been
previously dispensed, recalled, or is counterfeit.
Combating Illegal Internet Pharmacies
Legitimate pharmacy sites on the Internet provide consumers with a convenient and private way
to obtain drug products, but many illegal sites claiming to be legitimate offer approved and
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unapproved prescription drug products and herbal supplements at low cost. Some patients use
illegal Internet pharmacies not just to minimize costs but also to avoid obtaining a legitimate
prescription from a licensed physician (which evades professional supervision, the need for which
occasioned FDA classification of the drug as Rx instead of Over the Counter). Accordingly,
products supplied by illegal Internet pharmacies carry the threat of multiple risks to a patient’s
health: they may be counterfeit, may not contain the purported drug substance, may contain
toxic materials, and may not have been stored, dispensed, or prescribed properly.
Guidance for selecting legitimate Internet pharmacies is available from the National Association of
Boards of Pharmacy (NABP) via its on-line Verified Internet Pharmacy Practice Sites program that
lists licensed pharmacies engaged in a full range of defined pharmacy practices. Listed Internet
pharmacies must comply with NABP’s criteria for compliance with state and federal laws. A second
NABP program, the e-Advertiser Approval Program, assesses and approves Internet advertisers
that offer only limited pharmacy services or other prescription drug-related services online. A
review of nearly 7000 Internet pharmacy sites determined that 96% of the sites were out of
compliance with NABP’s patient safety and pharmacy practice standards.
Legitimate Internet pharmacy sites are characterized as follows:
Require a prescription from a licensed doctor, usually by mail (if they accept a fax copy,
they will always call the prescribing physician to verify the prescription)
Provide a physical address or a phone contact number
Require submission of a detailed medical history
Clearly state their payment, privacy, and shipping fees on their sites
Use secure or encrypted website connections for transactions.
Illegal Internet pharmacy sites are characterized as follows:
Do not provide a physical address or a phone contact number
Offer prices that are dramatically lower than the competition’s prices
Do not require a prescription for prescription drugs or offer access to bogus prescriptions
Offer non-FDA approved prescription drugs
Offer bonus supplies with an order
Are named on the NABP’s “Not Recommended Sites” list of Internet pharmacies.
Illegal Internet pharmacies rely on web hosting services, web listings, and spamming to advertise
their services, and typically they obtain payments by credit cards and services that link to the
owner’s bank account. More than 80,000 portal Web sites currently sell advertising space for
unregulated medications and link to one or more of the 1400 anchor websites that allow
customers to place orders via illegal pharmacies. The host server should have the appropriate
technology, including spam blocking and automatic spam filtering, to block websites from
unlicensed internet pharmacies. There should be a commitment by search engines to enforce
terms and guidelines for refusing advertisements from unlicensed pharmacies. In addition, payment
service providers should have in place policies that prohibit the use of their services for the
purchase and sale of goods that are determined to be counterfeit under applicable law.
Best Anticounterfeiting Practices
Best practices should address threats to the overall product supply chain and not just to one part
of the supply chain. Thus the application of anticounterfeiting measures, such as authentication
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technologies and establishing a drug pedigree for the drug product, will not alone protect the
patient if the drug product has been unintentionally manufactured with a counterfeit drug
substance or excipient. Similarly, a well-controlled national supply chain with established drug
pedigrees will not by itself protect patients who purchase counterfeit drugs or medical devices via
the Internet from illegal pharmacies. Vigilance is needed to combat counterfeiters who use the
Internet to promote their products and to insert them into an established supply chain.
Pharmaceutical manufacturers should establish a dedicated team to oversee product security
(brand protection), and this team should be integrated into established corporate activities,
systems, and processes. The membership should be global and cross-functional, and its activities
should include the following:
Establish a formal process to implement and modify product security features
Maintain ability to authenticate products
Work with trade partners and understand the downstream distribution chain
Review distribution agreements in an effort to shorten or restrict the distribution chain
Identify, manage, and monitor a company’s Internet domain portfolio
Monitor the Internet for unauthorized offerings of company products
Analyze threats and prepare countermeasures
Establish a network of contacts with national and international enforcement agencies
Establish a public awareness program to highlight the dangers of obtaining products from
unauthorized sources
Establish procedures to respond to the discovery of counterfeits.
When a counterfeit product or suspected counterfeit product is detected in the supply chain, the
marketing authority should immediately implement a number of steps, including the following:
Inform relevant regulatory authorities. In the United States, use MedWatch, the FDA
Safety Information, and Adverse Event Reporting Program
Assess the counterfeit’s hazard to patients’ health
Monitor adverse drug event reports associated with the suspected counterfeit lots when
patients’ health has been or may be affected
Establish whether the lot number on the counterfeit product is genuine or fake
Recall and quarantine or destroy a genuine product that has been relabeled or repackaged
with counterfeit lot numbers
Publicize ways to distinguish the packaging of genuine vs. counterfeit products, for
example by lot number, expiration dates, packaging design, overt authentication or
tamper-evident technologies, and photographic examples
Preserve product samples as evidence, and conduct a detailed analysis of the counterfeit
product, its packaging, and its route of entry into the supply chain.
DIVERSION AND THEFT
Diversion of genuine drug products or medical devices occurs when they are redirected from
medical sources to illegal markets or illegal use, usually for financial gain or for personal use, and
can occur within a country or internationally. Methods of diversion include doctor shopping,
whereby an individual visits numerous doctors in order to obtain multiple prescriptions; forgery of
prescriptions; fraudulent prescriptions written by physicians; and illegal Internet pharmacies.
Diverters can obtain high-value drug products from patients and also relabel returned expired drug
products. Pharmaceuticals that have been donated or sold at a discounted price to support a
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public health initiative can be diverted and sold for profit in the private sector.
The most commonly diverted drug products in the United States are narcotics, depressants, and
stimulants. To combat prescription diversion, a number of states have established prescription
monitoring programs that facilitate the collection, analysis, and reporting of information. The
establishment of drug pedigrees either at a federal or state level assists in detecting and
combating the reintroduction of diverted drug products into the distribution network but does not
affect products diverted for personal use.
Theft of drug components, drug products, and medical devices can occur anywhere in the supply
chain. This includes theft from the manufacturer during transportation by air, rail, road, or ship,
from distribution centers and warehouses, and from hospitals or pharmacies. Stolen and diverted
products pose a significant risk to public health because of the risks of adulteration and of
storage or handling under improper conditions that have adversely affected the quality of the
product before it is illegally reintroduced into the supply chain. Theft of a part of a lot could result
in the recall of the whole lot from the distribution chain and from patients.
Companies that store and ship large amounts of products (pharmaceutical and medical device
manufacturers, distributors, etc.) should review their security procedures for their warehouses
and distribution centers and their transportation procedures, particularly for transportation by
trucks and tractor trailers. Companies should give particular attention to high-value drug products
or medical devices that are in short supply because of an urgent health need.
A number of factors increase the risk of theft from road transportation vehicles. These include a
lack of two-way communication with the driver(s), lack of tracking or specific security SOPs as
well as the use of multiple sub-contractors, shipping over a weekend or holidays, stopping or
parking in high-risk areas, and drivers’ leaving the vehicle unattended. The risk of theft of highvalue cargoes can be reduced by the implementation of good trucking security practices such as
those described below.
Security systems and devices on trucks and/or trailers should include the following:
Tamper-evident seals
Immobilization devices and alarms
Two-way communication system with driver
Monitored and/or geofenced GPS tracking system
Covert cargo tracking device
Security procedures should include the following:
Verify product loading and vehicle sealing at collection point
Verify that tamper-evident seals applied to the outer door of a vehicle or transport carrier
have not been broken, to demonstrate that the door was not opened during transport
Plan schedules and routes to avoid stops or overnight parking in insecure locations
Plan schedules to avoid delivery or arrival on weekends or holidays
Be aware of and approve any subcontracting arrangements, and use only known carriers
Implement screening/vetting procedures for drivers
Plan for emergency 24-h contact and contingencies in case of accidents or unexpected
events
The risk of theft from storage facilities can be reduced by the implementation of layered good
storage security practices such as the following:
Secure external perimeter, closed-circuit TV systems, and lighting
Alarm systems on doors, windows, and skylights and appropriate use of motion detectors
Back-up power supply for security systems
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Restricted access to loading docks
Security procedures for all visitors and drivers
Security awareness training with emphasis on staff being vigilant about their surroundings
License holders should have a plan in place to respond to theft, including informing law
enforcement, pharmacies, regulatory authorities, and the public. After the discovery of a theft,
assemble the following details as soon as possible:
Product name and type (prescription, OTC, infant formula, etc.), samples, bulk product,
drug substance, medical device, etc.
Product form (tablets, capsules, parenteral, powders, type of device, etc.)
Lot number(s), National Drug Code number(s), and SNI
Description of packaging/containers, including any tamper-evident protection and
authentication technologies
Quantity of each product lot stolen
Quantity of product lots already in legitimate distribution or secured under the license
holder’s control
Evaluation of potential risks to the public that may be posed by the product if it is held
under incorrect handling and storage conditions
A communications plan should inform pharmacies, the public, and regulatory authorities of the
occurrence and provide instructions or guidance to show how pharmacists or patients can identify
the stolen lot(s) and what steps patients should take if they have received the stolen product.
1S (USP36)

1 C -TPAT is a voluntary government–business initiative to build cooperative relationships that strengthen and
improve overall international supply chain and U.S. border security.
2 An application for a C ustoms Watch allows the authorities to detain a suspected shipment. The goods remain in
custody until the owners and the importer have come to an agreement or a court reaches a decision. The legal
basis is the EU C ustoms Regulation (1383/2003).

BRIEFING
1229 Sterilization of Compendial Articles. The USP general information chapter
Sterilization and Sterility Assurance of Compendial Articles 1211 (see USP 35 page 863) is
being proposed for revision to split the chapter into several individual chapters (see the Stimuli
article elsewhere in this issue, An Outline of Planned Changes to USP 1211 Sterilization and
Sterility Assurance of Compendial Articles, for background information on the planned revisions).
This new overarching chapter proposal Sterilization of Compendial Articles

1229

will address

general principles of sterilization of compendial articles. Individual chapters (the 1229.x series)
will be developed for each sterilization method. This will allow greater clarity of content on
sterilization methods and sterility assurance.
(GCM: R. Tirumalai.)
Correspondence Number—C111847

Comment deadline: May 31, 2012
Add the following:
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1229

STERILIZATION OF COMPENDIAL ARTICLES
BACKGROUND AND SCOPE

This general information chapter provides an overview of the concepts and principles involved in
sterilization (by various modes) of compendial articles that must be sterile.1 More detailed
recommendations are presented in specific information chapters for each sterilization mode:
Steam Sterilization by Direct Contact

1229.1

Steam Sterilization of Aqueous Liquids

1229.2

Monitoring of Bioburden

1229.3

Sterilizing Filtration of Liquids

1229.4

Biological Indicators for Sterilization
Chemical Sterilization

1229.5

1229.6

Gaseous Sterilization

1229.7

Dry Heat Sterilization

1229.8

Physicochemical Integrators and Indicators for Sterilization
Radiation Sterilization
Vapor Sterilization

1229.9

1229.10

1229.11

In the strictest definition of sterility, a specimen is deemed sterile only when there is a complete
absence of viable microorganisms (bacteria, yeasts, and molds), but sterility cannot be
demonstrated with respect to compendial articles and other items because of the inherent
limitations of the current test (see Sterility Tests 71 ). Sterility, therefore, is defined in
probabilistic terms that establish an acceptable level of risk. Sterility can be accomplished only by
the use of a validated sterilization process under appropriate current good manufacturing
practices and not by reliance on sterility testing. The basic principles for control of sterilization
processes, including method development, validation, and ongoing assurance, are as follows:
1. Sterilization process development that includes evaluation of the stability and compatibility
of materials, container integrity, expected presterilization bioburden, equipment method
control parameters, etc.
2. Identification of sterilization process parameters that preserve the inherent properties of
the materials yet inactivate or remove microorganisms.
3. Demonstration that the sterilization process and equipment are capable of operating within
the prescribed parameters and corresponding to independent measurements of the critical
parameters.
4. Performance of replicate studies that represent the operational range of the equipment
and employ actual or simulated product. The use of biological indicators for correlation
between the measured physical parameters and the expected lethality is recommended
wherever possible (see Biological Indicators for Sterilization 1229.5 ).
5. Maintenance and monitoring of the validated process during routine operation.
6. Assurance that the bioburden (number and type) of the materials is acceptable and is
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maintained during routine operation (see Monitoring of Bioburden

1229.3 ).

VALIDATION OF STERILIZATION PROCESSES
Validation of sterilization processes requires knowledge of sterilization technology and use of the
appropriate instrumentation and equipment to control and verify critical sterilization process
parameters. An important aspect of the sterilization validation program involves the use of
biological indicators when appropriate. All sterilization processes should be maintained in a state of
validation that includes periodic requalification. The validation program for each type of
sterilization comprises several formally documented stages.
The general principles of validation programs are applicable to all sterilization procedures.
Individual details are presented in the specific USP informational chapters for each sterilization
mode.
The method development stage investigates and establishes the operating parameters that
define the controls that will be used for the sterilization process. The installation qualification
stage establishes that equipment controls and other instrumentation are properly designed and
calibrated. Documentation should demonstrate the acceptability of the required utilities such as
steam, water, and air. The operational qualification stage confirms that the equipment functions
within the defined sterilization parameters. The performance qualification stage of the validation
program directly evaluates the sterilization of materials or articles. This determination requires
independent parameter measurement during the sterilization process, as well as biological
challenges in operational configurations. Correspondence between the physical measurements and
the demonstrated microbiological lethality or removal capability (Log Reduction Value) for
sterilizing filtration methods supports the effectiveness of the sterilization process. This stage of
the validation program requires documentation of the supporting data. The routine method
control stage of the sterilization process requires a number of supportive practices and is outlined
in detail below.
ESTABLISHING AND JUSTIFYING STERILIZATION PROCESSES THAT RELY ON MICROBIAL
INACTIVATION
Articles intended to be sterile must attain a 10 6 probability of a nonsterile unit, i.e., less than
one chance in one million that viable bioburden microorganisms are present. [Note—This is also
called the Sterility Assurance Level. The term Probability of a Nonsterile Unit (PNSU) is used
throughout this chapter because it is descriptive and substantially easier to understand. ] This
PNSU can be accomplished by balancing the method effect on the materials and the destruction
of the bioburden (see Figure 1). Three methods are currently in use: overkill, bioburden/biological
indicator, and bioburden-based methods. These methods are described in greater detail below.
Regardless of the method chosen, the objective is a maximum PNSU of 10 6 for the bioburden. An
overkill method is the simplest method to establish but has the greatest impact on materials. The
bioburden-based method requires the most method control but subjects the materials to the least
stressful conditions. Confidence in the method's lethality is the same, regardless of the method
utilized.
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Fig. 1. A basic comparison of various validation methods.
For items that are unaffected by the sterilization process, the overkill method is preferred
because of its simplicity. Overkill sterilization can be defined as a method in which the destruction
of a high concentration of a resistant microorganism supports the destruction of reasonably
anticipated bioburden present in routine processing. That objective can be demonstrated by
attaining any of the following: a defined minimum lethality; a defined set of method conditions; or
confirmation of minimum log reduction of a resistant biological indicator.
If articles could be damaged by extended exposure to the sterilization process, it may not be
feasible to employ an overkill method. In these instances, demonstrating the effectiveness of the
sterilization cycle requires not only information about the delivered method conditions but also
knowledge about and control of the resistance and population of the materials' bioburden. This
method is widely used for the terminal sterilization of heat-labile solutions and laboratory media.
This sterilization strategy is variously called the bioburden/biological indicator or combination
based method and is defined thus:
Bioburden/biological indicator based sterilization is an approach in which the incomplete
destruction (or destruction of a modest population) of a resistant biological indicator can be
used to demonstrate the capability of the method to reliably destroy any bioburden. This is
accomplished using detailed knowledge of the bioburden and biological indicator populations and
their relative resistance.
The bioburden-based method is used when material stability is limited or when there are no
suitable biological indicator microorganisms that have extreme resistance to the sterilizing
process. Customarily, radiation sterilization is validated using the bioburden based method. The
bioburden-based method can be defined as:
A method in which bioburden isolates from the material are routinely evaluated for resistance to
the sterilization process and may be utilized to demonstrate the effectiveness of the process.
Routine monitoring of the bioburden population and its resistance to the sterilization process is
mandatory.
Filter sterilization of liquids and gases differs from other sterilization modes because filtration relies
on removal of microorganisms from the fluid rather than inactivation by chemical or physical
means. Details of filter sterilization validation can be found in Sterilizing Filtration of Liquids
1229.4 .
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D-value and Microbial Resistance
The D-value is the time (customarily in minutes) required to reduce the microbial population by
90% or 1 log10 cycle (i.e., to a surviving fraction of 1/10) and must be associated with the
specific lethal conditions at which it was determined (see Figure 2). For steam and dry heat, the
D-value is a function of temperature. In gas sterilization (ethylene oxide, ClO2 , or O3 ), D-values
are a function of the chemical concentration, relative humidity, and temperature. Similarly, for
liquid chemical sterilization the D-value is a function of the temperature and sterilant
concentration. [Note—Determining the D-value for vapor (condensing) systems such as H2 O2 ,
H2 O2 plasma, and peracetic acid is complex because of the biphasic nature of the materials (see
Vapor Sterilization

1229.11 ). Radiation and filtration sterilization are validated using unique

methods as described in their specific chapters ( Radiation Sterilization

1229.10

and Sterilizing

Filtration of Liquids 1229.4 ). These processes are validated by methods that differ from those
in this introductory chapter. ]

Fig. 2. Graphical representation of D-value.
The D-value is not an inherent attribute of the microbe, so the influence of other factors such as
substrate, matrix, recovery media, and test methodology must be considered in D-value
determination. Accurate assessment and comparison between D-values requires standardization of
test methods. To properly evaluate the effectiveness of a sterilization process, analysts must
evaluate the resistance of the bioburden experimentally or via a literature search.
As stated earlier, the goal of the sterilization process is inactivation of the bioburden without
adversely affecting product quality attributes. Demonstration of the lethality of a sterilization
process under routine operation relies on differences in the relative resistance or population of the
bioburden relative to the biological indicator (see Figure 3).
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Fig. 3. Relative resistance and population of typical biological indicator and bioburden
microorganisms.
Validation of sterilization processes links physical measurements with biological indicator
performance to establish method lethality. [Note—In radiation sterilization bioburden response is
linked to physical irradiation dosage measurements. ] Knowledge of the method's effectiveness
coupled with bioburden controls on the materials under processing and information on bioburden
resistance allow determination of the probability of a nonsterile unit.
Analysts must know the resistance of the biological indicator to the process in order to ensure the
organism's response to the process is properly understood (see Biological Indicators for
Sterilization 1229.5 ). Equally important is an understanding of the bioburden present during
routine use of the sterilization process and its possible resistance to the chosen process (see
Monitoring of Bioburden

1229.3 ).
Biological and Physical Data

The biological indicator, when used, is a convenient means to simplify the sterilization validation
effort. Biological indicators customarily are bacterial spores that have established resistance to
the sterilization process under evaluation. When supplied as spores (on a substrate or as a
suspension) with known initial population and resistance, their response to the method can be
correlated to the measured physical conditions. Spores are preferable as biological indicators
because their resistance and population are predictable and stable when they are handled,
stored, and used as recommended.
The spores can be placed in the sterilization load in locations where physical parameter
measurements such as temperature or gas concentration cannot be easily obtained (e.g., within
needle lumens, syringes, and ampuls) or where measurement may alter the delivered conditions
(e.g., sampling of the lethal gas). The biological indicator provides a means to directly assess the
sterilizing effect of the method in a manner not possible by physical measurements. The lethalitybased physical measurement and microbial data from a sterilization process should be in
reasonable agreement. When this is not the case, an investigation should be considered (see
Biological Indicators for Sterilization

1229.5 ).

STERILIZATION INDICATORS AND INTEGRATORS
The execution of sterilization processes can be supported by physical and chemical indicators and
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integrators that provide an indication that processing is completed. These are available in many
different forms for use in conjunction with many common sterilization processes.
Sterilization indicators respond to sterilization process parameters in a nonquantitative fashion;
i.e., they show passing or failing results. They are useful in an operating environment as a means
to identify whether an item has been exposed to a sterilization process. They are of minimal use in
establishing process efficacy. Sterilization integrators are more sophisticated devices that react
quantitatively in response to one or more of the critical sterilization parameters and yield a result
that can be correlated to lethality. The most sophisticated integrators are radiation dosimeters
that are so accurate and robust that their use has displaced the use of biological indicators for
the validation of radiation sterilization (see Radiation Sterilization 1229.10 ). Additional detail
about integrators and indicators can be found in Physicochemical Integrators and Indicators for
Sterilization

1229.9 .
SELECTION OF AN APPROPRIATE STERILIZATION PROCESS

An important consideration in any sterilization activity is the selection of an appropriate process
from the many possible alternatives: steam, dry heat, gas, radiation, vapor, chemical, or filtration.
The choice of the appropriate method for a given item requires knowledge of the sterilization
process and information concerning effects of the process on the material being sterilized. The
selection of a particular sterilizing treatment and the details of its execution often represent a
compromise between the conditions required to destroy or remove the bioburden to the desired
level and the impact of the sterilization process on the materials being processed. Sterilization
processes should be sufficiently robust for certainty of microbial control while avoiding adverse
consequences to material quality attributes.
The overkill method employs conditions that are capable of destroying a high concentration of a
resistant biological indicator and thus are more likely than gentler methods to have adverse
effects on materials. Overkill is employed only where the items being sterilized can withstand
extended exposure to the sterilizing process and is used most commonly for metal, glass, and
other items that are unaffected by process exposure.
The half-cycle validation method is a special case of the overkill method in which a lethal cycle to
the biological indicator is arbitrarily doubled. Its use unnecessarily exposes materials to harsh
conditions, and it should be avoided.
Bioburden/biological indicator (or combination) methods are appropriate when the product has
some resistance to the sterilizing conditions. Analysts commonly use it for large- and small-volume
parenterals, in-process solutions, and laboratory media for which the material properties would be
impaired by a lengthy exposure to the sterilizing conditions. The proper use of the method requires
control over the presterilization bioburden levels and confidence that the bioburden's resistance is
such that it will be destroyed during processing. The complete destruction of or the use of a high
population of the bioburden/biological indicator is not necessary for use of this method because it
relies on differences in the relative resistance and population of the biological indicator and
bioburden microorganisms.
Bioburden method bases the sterilization duration solely on the expected population and
resistance of the bioburden on the materials. This is the method of choice for all radiation
sterilization. It relies on periodic bioburden monitoring and resistance screening to establish
confidence in the method. The bioburden method does not require use of a biological indicator.
Filtration is used when the material under sterilization will not withstand heat, radiation, or
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chemical sterilization processes.
ROUTINE PROCESS CONTROL
After a sterilization process has been initially validated, it must be maintained in that state to
ensure continued acceptable operation. This is accomplished by a number of related activities
that are essential for continued use of the method.
Calibration—Equipment instrumentation must be periodically calibrated against a traceable
standard. This includes recording as well as controlling instruments that regulate the operation
of the equipment.
Physical Measurements—Data reported by the equipment sensors and recorders must be verified
after the completion of each sterilization cycle. The records from the sterilization equipment are
an essential part of the documentation.
Physical Integrators/Indicators—When they are used, integrators and to a lesser extent
indicators provide an immediate indication of method execution and differentiate between
sterilized and nonsterilized materials. When these integrators provide a direct indication of
method lethality (e.g., radiation dosimeters), they can be used for material release.
Additional Considerations—Depending on the specifics of the particular sterilization process,
there may be additional requirements for confirming method efficacy. These can include
bioburden sampling, bioburden resistance determination, biological indicator resistance
determination, and supplier audits. As applicable, these activities should be carried out to
maintain the sterilization process in a validated state.
Change Control—To maintain a validated state, materials, procedures, and equipment that
influence the sterilization process should be monitored to ensure that all changes are recorded
and evaluated in terms of their potential impact. To accomplish this, analysts must establish a
formalized system for change control.
Preventive Maintenance—The user should establish a defined preventive maintenance program
for each piece of sterilizing equipment in accordance with the equipment manufacturer's written
recommendation. Preventive maintenance represents a special class of predefined changes that
have no adverse effects on the operation of the system and thus do not require evaluation
under change control.
Periodic Reassessment—In the absence of change to the materials, method, or equipment, the
effectiveness of sterilization processes should be reconfirmed on a periodic basis. This system
should be formalized and should address the potential impact of a number of de minimus changes
or undetected changes to the validated system. In the absence of change, the amount of
information required to support a sterilization process is less than that required for initial
acceptance of the sterilization process.
1S (USP36)

1 These processes may also provide depyrogenation, the extent of which depends on the actual sterilization
conditions. [Depyrogenation by various means will be addressed in a chapter under development.]

BRIEFING
1229.1 Steam Sterilization by Direct Contact. The USP general information chapter
Sterilization and Sterility Assurance of Compendial Articles 1211 is being proposed to be split
into several individual chapters (see the Stimuli article elsewhere in this issue, An Outline of
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Planned Changes to USP

1211 Sterilization and Sterility Assurance of Compendial Articles, for

background information on the planned revisions). This new chapter proposal 1229.1 will
address steam sterilization by direct contact, also known as “steam sterilization of parts”.
(GCM: R. Tirumalai.)
Correspondence Number—C111848

Comment deadline: May 31, 2012
Add the following:
1229.1

STEAM STERILIZATION BY DIRECT CONTACT
SCOPE AND BACKGROUND

Steam sterilization is perhaps the most common of all sterilization processes. It is used in settings
ranging from practitioner offices to large-scale manufacturing facilities. The diversity of practices
that use steam sterilization is reflected in the range and sophistication of the equipment used.
This general information chapter addresses sterilization in which saturated steam comes into
direct contact with the load items (whether wrapped or unwrapped) and provides an overview of
the basic concepts of this mode of sterilization, including its validation. The load items in this
sterilization process are variously termed parts, components, hard goods, wrapped goods, or
porous goods. These items may be metallic, glass, ceramic, elastomeric, or polymeric materials
that have little or no sensitivity to thermal degradation at the sterilizing temperatures.
Sterilization of liquid containers may be substantially different.
SATURATED STEAM
Saturated steam is a biphasic mixture of H2 O in gas and liquid phases in thermal equilibrium.
Saturated steam has a singular temperature–pressure relationship in which both phases are
present, and at a given temperature only one pressure is possible for saturation. The importance
of using saturated steam for sterilization arises primarily from two attributes. First, saturated
steam rapidly kills microorganisms because of the presence of liquid water. Steam heated above
saturation, also termed superheated steam, lacks liquid water, and although it is higher in
temperature than saturated steam it is substantially less lethal to microbes. Second, when steam
changes phase from gas to liquid it releases thermal energy (525 kCal/kg at 121 ) that is
transferred to the load items, facilitating sterilization of their exposed surfaces.
The initial objective for saturated steam sterilization is that the air in the sterilizing chamber must
be replaced by saturated steam. Residual air in the sterilizer chamber and load items acts as both
an insulator and an obstacle to steam penetration to the load items, and its removal is essential
for effective sterilization. The presence of residual air in the chamber negates the singular
temperature–pressure relationship of saturated steam. In the absence of saturation, physical
measurements may not provide assurance of lethality.
GRAVITY DISPLACEMENT CYCLES
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In the simplest autoclave cycles, air removal is accomplished by gravity displacement. Because
steam is hotter and less dense than air, it rises to the top of the autoclave, and the colder air
exits at the bottom of the chamber. Saturated steam entering the chamber changes into liquid
condensate as it contacts the colder surfaces of the autoclave chamber and load items.
Retention of condensate within the load reduces cycle effectiveness because it is a barrier to
steam contact, and additional steam is needed to maintain the saturated steam at the sterilizing
temperature. The load items, wrapping materials, and load arrangement should be designed to
facilitate condensate drainage. In gravity displacement cycles, the load slowly reaches the
desired sterilizing temperature because air and condensate removal are relatively slow compared
to cycles in which their removal is mechanically assisted. During the exposure segment of the
cycle, a thermostatic trap at the bottom of the chamber drain allows the removal of condensate
(and any residual air) from the sterilizer while maintaining sterilizing conditions. At the conclusion
of the dwell period, the chamber is returned to atmospheric pressure.
PREVACUUM CYCLES
To remove air more effectively from the chamber and the load items, sterilizers may employ
multiple evacuation/pressure pulses in which air is replaced by steam. The number and depth of
these pulses may vary. Because the alternating vacuum and pressure pulses may stress wrapping
materials, the latter must be chosen carefully. The operation of the sterilizer during the exposure
segment is identical to that of the gravity displacement cycle previously described. The vacuum
system can be used at the end of the process to remove residual steam and condensate from the
load items. The selection of a specific cycle and its associated sterilization parameters for a given
item depends on a number of factors, including the heat lability of the material, heat penetration
into the article, the item’s mass, difficulties with air/condensate removal, and other factors
described in the validation program (see below). For steam sterilization by direct contact it is
customary to sterilize items using an overkill method.
STERILIZATION CYCLE CONTROL
Processes for steam sterilization typically are controlled by calibrated temperature sensors on the
process equipment. During the exposure portions of the cycle, a minimum dwell time at a
predefined temperature is required to ensure the method lethality target is met. Cycle efficacy for
steam sterilization often is measured using F 0, which is defined as the equivalent exposure time at
121 . F 0 is a means for quantifying steam sterilization effectiveness by determining the equivalent
sterilization time relative to a base temperature of 121 and a z-value of 10 ; z-value is defined
as the number of degrees of temperature change necessary to change the D-value by a factor of
10. The F 0 method is used to evaluate sterilization processes operated at varying temperature
conditions to a single standard.
The process lethality at temperatures other than 121 can be calculated to determine lethality
equivalent to that provided at 121 . Moist heat sterilization process efficacy is not intrinsically
linked to a target temperature of 121 , which is simply the Celsius conversion of 250 F, and other
temperatures can be used. Sterilizer control systems for direct sterilization typically provide a
minimum time at a defined set point temperature after the initial air/condensate removal. Steam
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sterilizers are controlled using temperature sensors located in the drain line before the
thermostatic trap. The temperature at this location typically is recorded for permanent
documentation of sterilizing conditions. In sterilization by direct contact, exceeding the minimum
time–temperature requirements or F 0 is acceptable because of minimal adverse consequences to
the materials being sterilized.
Total lethality can be calculated over the course of the process. For the specific reference
temperature of 121 and a z-value of 10 , the total accumulated F 0 can be determined by the
following equation:

where
t 1 = start time
t 2 = end time
T = temperature
Summing the instantaneous lethality contributions over the entire sterilization process allows the
calculation of the overall process lethality or F 0 delivered. The F 0 calculation should begin at 100
and should continue through the end of the dwell period provided that saturated steam conditions
are maintained.
VALIDATION OF STERILIZATION BY DIRECT CONTACT
The predominant approach for steam sterilization by direct contact is the overkill method defined
in Sterilization of Compendial Articles 1229 and adapted for specific application to sterilization
of heat-resistant materials using moist heat. Overkill sterilization is a method in which the
destruction of a high concentration of a resistant microorganism is correlated with the destruction
of reasonably anticipated bioburden present during routine processing. That objective can be
demonstrated by attaining any of the following: a defined minimum lethality (F 0), a defined set of
method conditions, or confirmation of a minimum log reduction of a resistant biological indicator.
The validation requirements for the overkill method are less onerous than those for other methods
such as those based on bioburden or biological indicators. When the load items can withstand
substantial heat without adverse consequence, overkill is the method of choice for steam
sterilization because of its ease of execution, reduced considerations for bioburden control, and
overall simplicity.
Equipment Qualification
Equipment qualification is a predefined program that examines the equipment to confirm that it
has been properly installed and operates as intended before the sterilization process. Equipment
qualification can be separated into installation qualification and operational qualification, or can be
considered joint installation and operational qualification. The qualification effort provides a
baseline for the sterilizer’s preventive maintenance and change control.
Empty Chamber Temperature Distribution
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A common procedure to evaluate steam sterilizer installation is the evaluation of the empty
chamber's performance. Each air removal method used in the sterilizer is evaluated by
temperature measurement near the corners of the sterilizer chamber, near the controlling probe,
and other locations as appropriate. The distribution of temperatures in the empty chamber should
be determined only by sensors located in the chamber, and the temperatures of the chamber
drain or outside the chamber proper are not evaluated in this validation activity. Differences in the
cycle dwell period can be ignored because only the shortest dwell period for each air removal
method must be evaluated. The acceptance criteria for this test vary with the sterilizer's
capabilities and customary use. Biological indicators are not required in the evaluation of empty
chamber temperature distribution.
Component Mapping
Items that are steam sterilized can be quite complex and may have enclosed volumes, obscured
surfaces, crevices, and difficult-to-reach product contact surfaces that must be sterilized. The
ability of saturated steam to penetrate the wrapping materials or containers and to reach the
surfaces should be established for each item. Although this is relatively easy for simple items such
as spatulas, beakers, and other simple geometric shapes, it can be substantially more difficult for
filling assemblies, filter housings, tubing, and hoses. Analysts should conduct studies to determine
cold spots in items to ensure that heat penetration takes place throughout the load items. These
studies can be performed in a laboratory setting and need not be repeated when the same item is
sterilized in multiple autoclaves. During this evaluation, all load items should be wrapped and
oriented in a manner that facilitates steam ingress and air and condensate removal. Items must
be wrapped and oriented in an essentially identical manner for reproducible sterilization.
Load Mapping
The determination of a fixed loading pattern for direct steam sterilization is an essential practice
for terminal sterilization by steam, but this practice is not a critical concern regarding direct
sterilization of items. Loads for direct steam sterilization can be validated using a maximum and
minimum load as determined by either the number of items or their mass. Best practices include
placing larger items on the lower shelves, allowing condensate from these items to exit the
sterilizer with minimal contact with other load items.
Biological Indicators
The commonly used biological indicator for steam sterilization by direct contact contains spores of
Geobacillus stearothermophilus (ATCC 12980 or ATCC 7953), a thermophilic microorganism with a
moist heat resistance approximately 106 times greater than that of most vegetative
microorganisms. The spore challenge can be placed on a substrate within or on a load item, or the
challenge can be a load item that is inoculated with a spore suspension. When biological indicators
are used according to the manufacturer’s directions, the resistance information provided by the
vendor can be used. End users must determine the population and resistance of inoculated items.
Heat Penetration and Microbiological Challenge
The goal of the validation activity is the confirmation of acceptable heat penetration using
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temperature measurements and biological indicator challenges. Customarily this study is performed
under conditions where the exposure time and/or temperature are reduced slightly from the
routine set points. Thermocouples and biological indicators should be placed with load items at the
locations determined to be most difficult to heat during component mapping . Analysts must take
care in the insertion of thermocouples so they do not alter the ability of the steam to enter the
objects being challenged. This difficulty can be overcome with special fittings for thermocouple
entry or by placement of temperature probes in units placed near the units that contain biological
indicators. In the latter case, replicate studies provide proof of cycle efficacy when both the
biological indicators are killed and the physical measurements correspond to the expected time–
temperature values or F 0. If the microbial and physical measurements do not meet predefined
acceptance criteria, an investigation is required and corrective action is necessary to rectify the
discrepancy.
Routine Process Control
As with all sterilization processes, after validation, steam sterilization must be subject to formal
controls that maintain it in a validated state over time. Sterilization of Compendial Articles

1229

outlines the general requirements for all sterilization processes including calibration, physical
measurements, physical integrators or indicators, ongoing method control, change control,
preventive maintenance, and periodic reassessment. 1S (USP36)
BRIEFING
2021 Microbial Enumeration Tests—Nutritional and Dietary Supplements, USP 35 page
955. The following revisions are proposed:
1.
Change the name of ATCC strain 16404 to Aspergillus brasiliensis.
2.
Corrections to rectify the erroneous Table 2. Most Probable Enterobacterial Count.
(GCM: R.Tirumalai.)
Correspondence Number—C112774

Comment deadline: May 31, 2012
2021

MICROBIAL ENUMERATION TESTS—NUTRITIONAL AND DIETARY SUPPLEMENTS
INTRODUCTION

This chapter provides tests for the estimation of the number of viable aerobic microorganisms
present in nutritional supplements of all kinds, from raw materials to the finished forms. Alternative
methods may be substituted for the tests, provided that they have been properly validated as
giving equivalent or better results. In preparing for and in applying the tests, observe aseptic
precautions in handling the specimens. The term “growth” is used in a special sense herein, i.e.,
to designate the presence and presumed proliferation of viable microorganisms.
Change to read:
PREPARATORY TESTING
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The validity of the results of the tests set forth in this chapter rests largely upon the adequacy of
a demonstration that the test specimens to which they are applied do not, of themselves, inhibit
the multiplication, under the test conditions, of microorganisms that may be present. Therefore,
preparatory to conducting the tests on a regular basis and as circumstances require
subsequently, inoculate diluted specimens of the material to be tested with separate viable
cultures of the challenge microorganisms.
For the Soybean–Casein Digest Agar used for Total Aerobic Microbial Counts, inoculate duplicate
plates with 25–250 cfu of Staphylococcus aureus (ATCC1 No. 6538), Escherichia coli (ATCC No.
8739), and Bacillus subtilis (ATCC No. 6633) to demonstrate a greater than 70% bioburden
recovery in comparison to a control medium. For the Sabouraud Dextrose Agar used for Total
Combined Yeast and Mold Counts, inoculate duplicate plates with 25–250 cfu of Candida albicans
(ATCC No. 10231) and Aspergillus niger
brasiliensis 1S (USP36)
(ATCC No. 16404) to demonstrate a greater than 70% bioburden recovery in comparison to a
control medium. For Enterobacterial Probable Number Determinations (Bile-Tolerant GramNegative Bacteria), appropriate dilutions of Escherichia coli (ATCC No. 8739) and Salmonella
typhimurium (ATCC No. 13311) are used. Failure of the organism(s) to grow in the relevant
medium invalidates that portion of the examination and necessitates a modification of the
procedure by (1) an increase in the volume of diluent, the quantity of test material remaining the
same, or by (2) the incorporation of a sufficient quantity of suitable inactivating agent(s) in the
diluents, or by (3) an appropriate combination of modifications to (1) and (2) so as to permit
growth of the inoculum.
The following are examples of ingredients and their concentrations that may be added to the
culture medium to neutralize inhibitory substances present in the sample: soy lecithin, 0.5%; and
polysorbate 20, 4.0%. Alternatively, repeat the test as described in the preceding paragraph,
using Fluid Casein Digest–Soy Lecithin–Polysorbate 20 Medium to demonstrate neutralization of
preservatives or other antimicrobial agents in the test material. Where inhibitory substances are
contained in the product and the latter is soluble, a suitable, validated adaptation of a procedure
set forth under Procedures using the Membrane Filtration Method may be used.
If, in spite of the incorporation of suitable inactivating agents and a substantial increase in the
volume of diluent, it is still not possible to recover the viable cultures described above, and where
the article is not suitable for the employment of membrane filtration, it can be assumed that the
failure to isolate the inoculated organism is attributable to the bactericidal or bacteriostatic
activity of such magnitude that treatments are not able to remove the activity. This information
serves to indicate that the article is not likely to allow proliferation or contamination with the
given species of microorganism. Monitoring should be continued in order to determine the
inhibitory range and bactericidal activity of the article.
Change to read:
BUFFER SOLUTION AND MEDIA
Culture media may be prepared as follows, or dehydrated culture media may be used provided
that, when reconstituted as directed by the manufacturer or distributor, they have similar
ingredients and/or yield media comparable to those obtained from the formulas given herein.
In preparing media by the formulas set forth herein, dissolve the soluble solids in the water, using
heat if necessary to effect complete solution, and add solutions of hydrochloric acid or sodium
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hydroxide in quantities sufficient to yield the desired pH in the medium when it is ready for use.
Determine the pH at 25 ± 2 .
Where agar is called for in a formula, use agar that has a moisture content of NMT 15%. Where
water is called for in a formula, use Purified Water.
pH 7.2 Phosphate Buffer
Prepare a stock solution by dissolving 34 g of monobasic potassium phosphate in about 500 mL of
water contained in a 1000-mL volumetric flask. Adjust to a pH of 7.2 ± 0.1 by the addition of
sodium hydroxide TS (about 175 mL), add water to volume, and mix. Dispense and sterilize. Store
under refrigeration. For use, dilute the stock solution with water in the ratio of 1 to 800, dispense
as desired, and sterilize.
Media
Prepare media for the tests as described below. Alternatively, dehydrated formulations may be
used provided that, when reconstituted as directed by the manufacturer or distributor, they meet
the requirements of Growth Promotion Testing. Unless otherwise indicated elsewhere in this
chapter, media are sterilized in autoclaves using a validated process. The exposure time within
the autoclave at 121 will depend on the volume of media to be sterilized. Thus, for example, a
500-mL volume would need to be autoclaved using a temperature and time relationship that will
ensure that the medium has attained at least an F 0 of 12–15 in the sterilization process.
However, the appropriate time and temperature duration for sterilizing prepared media at any
given volume should be confirmed by a thermal penetration study using a thermocouple or
thermoprobe placed within the liquid medium.
FLUID CASEIN DIGEST–SOY LECITHIN–POLYSORBATE 20 MEDIUM
Pancreatic Digest of Casein 20 g
Soy Lecithin
5g
Polysorbate 20
40 mL
Water
960 mL
Dissolve pancreatic digest of casein and soy lecithin in 960 mL of water, heating in a water bath
at 48 –50 for about 30 min to effect solution. Add 40 mL of polysorbate 20. Mix, dispense as
desired, and sterilize.
SOYBEAN–CASEIN DIGEST–AGAR MEDIUM
Pancreatic Digest of Casein
15.0 g
Papaic Digest of Soybean Meal 5.0 g
Sodium Chloride
5.0 g
Agar
15.0 g
Water
1000 mL
pH after sterilization: 7.3 ± 0.2.
FLUID SOYBEAN–CASEIN DIGEST MEDIUM
Pancreatic Digest of Casein
17.0 g
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Papaic Digest of Soybean Meal 3.0 g
Sodium Chloride
5.0 g
Dibasic Potassium Phosphate 2.5 g
Dextrose
2.5 g
Purified Water
1000 mL
Dissolve the solids in the water, heating slightly to effect a solution. Cool the solution to room
temperature, and adjust the pH with 1 N sodium hydroxide so that after sterilization it will have a
pH of 7.3 ± 0.2. Filter, if necessary, and dispense into suitable containers. Sterilize at a
temperature and time relationship that will ensure that the medium has attained at least an F 0 of
12–15 in the sterilization process, or by a validated filtration process.
SABOURAUD DEXTROSE–AGAR MEDIUM
Dextrose
Mixture of Peptic Digest of Animal Tissue and Pancreatic Digest of Casein (1:1)
Agar
Water

40.0 g
10.0 g
15.0 g
1000 mL

Mix, and boil to effect solution.
pH after sterilization: 5.6 ± 0.2.
VIOLET-RED BILE AGAR WITH GLUCOSE AND LACTOSE
Yeast Extract
3.0 g
Pancreatic Digest of Gelatin 7.0 g
Bile Salts
1.5 g
Lactose
10.0 g
Sodium Chloride
5.0 g
d-Glucose Monohydrate
10.0 g
Agar
15.0 g
Neutral Red
30 mg
Crystal Violet
2 mg
Water
1000 mL
Adjust the pH so that it is 7.4 ± 0.2 after heating. Heat to boiling, but do not heat in an
autoclave. Pour onto plates.
MOSSEL–ENTEROBACTERIACEAE ENRICHMENT BROTH
Pancreatic Digest of Gelatin
10.0 g
d-Glucose Monohydrate
5.0 g
Dehydrated Ox Bile
20.0 g
Monobasic Potassium Phosphate 2.0 g
Dibasic Potassium Phosphate
8.0 g
Brilliant Green
15 mg
Water
1000 mL
Suspend the solids in water, and heat to boiling for 1–2 min. Transfer 120-mL portions to 250-mL
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volumetric flasks or 9-mL portions to test tubes, all being capped with cotton plugs or loosefitting caps. Heat on a steam bath for 30 min. Adjust the pH so that it is 7.2 ± 0.2 after heating.
GROWTH PROMOTION TESTING
Each lot of dehydrated medium bearing the manufacturer's identifying number or each lot of
medium prepared from basic ingredients must be tested for its growth-promoting qualities.
Cultures of Staphylococcus aureus (ATCC No. 6538), Escherichia coli (ATCC No. 8739), Bacillus
subtilis (ATCC No. 6633), Candida albicans (ATCC No. 10231), and Aspergillus niger
brasiliensis 1S (USP36)
(ATCC No. 16404) are used. A 10–3 dilution of a 24-hour broth culture of the microorganism to the
first dilution (in pH 7.2 Phosphate Buffer or Fluid Soybean–Casein Digest Medium) may be used as
the inocula. Serially streak plates of the media with the appropriate inocula to obtain isolated
colonies to demonstrate the growth-promotion qualities of the Soybean–Casein Digest and
Sabouraud Dextrose Agar media. Inoculate the Fluid Soybean–Casein Digest Medium and Mossel–
Enterobacteriaceae Enrichment Broth with 10–100 cfu of the appropriate challenge organisms to
demonstrate their growth-promotion qualities.
SAMPLING
Provide 10-mL or 10-g specimens for the tests called for in the individual monograph.
Change to read:
PROCEDURE
Prepare the specimen to be tested by a treatment that is appropriate to its physical
characteristics and that does not alter the number and kind of microorganisms originally present,
in order to obtain a solution or suspension of all or part of it in a form suitable for the test
procedure(s) to be carried out.
For a solid that dissolves to an appreciable extent but not completely, reduce the substance to a
moderately fine powder, suspend it in the vehicle specified, and proceed as directed under Total
Aerobic Microbial Count.
For a fluid specimen that consists of a true solution, or a suspension in water or a hydroalcoholic
vehicle containing less than 30% of alcohol, and for a solid that dissolves readily and practically
completely in 90 mL of pH 7.2 Phosphate Buffer or the media specified, proceed as directed under
Total Aerobic Microbial Count.
For water-immiscible products, prepare a suspension with the aid of a minimal quantity of a
suitable, sterile emulsifying agent (such as one of the polysorbates), using a mechanical blender
and warming to a temperature not exceeding 45 , if necessary, and proceed with the suspension
as directed under Total Aerobic Microbial Count.
Total Aerobic Microbial Count
For specimens that are freely soluble, use the Membrane Filtration Method or Plate Method. For
specimens that are sufficiently soluble or translucent to permit use of the Plate Method, use that
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method; otherwise, use the Multiple-Tube Method. With either method, first dissolve or suspend
10.0 g of the specimen if it is a solid, or 10 mL, accurately measured, if the specimen is a liquid, in
pH 7.2 Phosphate Buffer, Fluid Soybean–Casein Digest Medium, or Fluid Casein Digest–Soy
Lecithin–Polysorbate 20 Medium to make 100 mL. For viscous specimens that cannot be pipeted
at this initial 1:10 dilution, dilute the specimen until a suspension is obtained, i.e., 1:50 or 1:100,
etc., that can be pipeted. Perform the test for absence of inhibitory (antimicrobial) properties as
described under Preparatory Testing before the determination of Total Aerobic Microbial Count.
Add the specimen to the medium NMT 1 h after preparing the appropriate dilutions for inoculation.
Membrane Filtration Method
Dilute the fluid further, if necessary, so that 1 mL will be expected to yield 30–300 colonies. Pipet
1 mL of the final dilution into 5–10 mL of pH 7.2 Phosphate Buffer, Fluid Soybean–Casein Digest
Medium, or Fluid Casein Digest–Soy Lecithin–Polysorbate 20 Medium. Wash each membrane with
an appropriate amount of one of the above diluents. Transfer each membrane to a Petri dish
containing Soybean–Casein Digest Agar Medium, previously solidified at room temperature.
Incubate the plates at a temperature 30 –35 for 48–72 h. Following incubation, examine the
plates for growth, count the number of colonies, and express the average for the two plates in
terms of the number of microorganisms per g or per mL of specimen. If no microbial colonies are
recovered from the dishes representing the initial 1:10 dilution of the specimen, express the
results as “less than 10 microorganisms per g or per mL of specimen.”
Plate Method
Dilute the fluid further, if necessary, so that 1 mL will be expected to yield 30–300 colonies. Pipet
1 mL of the final dilution onto each of two sterile Petri dishes. Promptly add to each dish 15–20
mL of Soybean–Casein Digest–Agar Medium, previously melted and cooled to about 45 . Cover the
Petri dishes, mix the sample with agar by gently tilting or rotating the dishes, and allow the
contents to solidify at room temperature. Invert the Petri dishes and incubate for 48–72 h.
Following incubation, examine the plates for growth, count the number of colonies, and express
the average for the two plates in terms of the number of microorganisms per g or per mL of
specimen. If no microbial colonies are recovered from the dishes representing the initial 1:10
dilution of the specimen, express the results as “less than 10 microorganisms per g or per mL of
specimen.”
Multiple-Tube Method
Into each of 14 test tubes of similar size, place 9.0 mL of sterile Fluid Soybean–Casein Digest
Medium. Arrange 12 of the tubes in four sets of three tubes each. Put aside one set of three
tubes to serve as the controls. Into each of three tubes of one set (“100”) and into a fourth tube
(A) pipet 1 mL of the solution or suspension of the specimen, and mix. Pipet 1 mL from tube A into
the one remaining tube (B), not included in a set, and mix. These two tubes contain 100 mg or
100 µL and 10 mg or 10 µL of the specimen, respectively. Into each of the second set (“10”) of
three tubes pipet 1 mL from tube A, and into each tube of the third set (“1”) pipet 1 mL from tube
B. Discard the unused contents of tubes A and B. Close well, and incubate all of the tubes.
Following incubation, examine the tubes for growth: the three control tubes remain clear, and the
observations in the tubes containing the specimen, when interpreted by reference to Table 1,
indicate the most probable number of microorganisms per g or per mL.
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Table 1. Most Probable Count by Multiple-Tube Method
Observed Combinations of Numbers of Tubes
Showing
Growth in Each Set
Most Probable Number of
Number of mg or µL of specimen per tube
Microorganisms
100
10
1
per g or per mL
3
3
3
more than 1100
3
3
2
1100
3
3
1
500
3
3
0
200
3
2
3
290
3
2
2
210
3
2
1
150
3
2
0
90
3
1
3
160
3
1
2
120
3
1
1
70
3
1
0
40
3
0
3
95
3
0
2
60
3
0
1
40
3
0
0
23
2
2
0
21
2
1
1
20
2
1
0
15
2
0
1
14
2
0
0
9
1
2
0
11
1
1
0
7
1
0
0
4
0
1
0
3
0
0
0
<3
Total Combined Molds and Yeasts Count
Procedure—Proceed as directed for Membrane Filtration Method or Plate Method under Total
Aerobic Microbial Count, except to use the same amount of Sabouraud Dextrose–Agar Medium
instead of Soybean–Casein Digest–Agar Medium and to incubate the plates for 5–7 days at 20 –
25 .
Retest—For the purpose of confirming a doubtful result by any of the procedures outlined in the
foregoing tests following their application to a 10-g specimen, a retest on an additional 10-g
specimen from the original sample and a 10-g specimen from the new sample of the nutritional
supplement may be conducted. Proceed as directed under Procedure.
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Enterobacterial Count (Bile-Tolerant Gram-Negative Bacteria)
Dissolve or suspend the sample in a sufficient volume of pH 7.2 Phosphate Buffer or Fluid
Soybean–Casein–Digest Medium and dilute with Fluid Soybean–Casein–Digest Medium to 100 mL.
Pre-incubate for 2–5 h at 20 –25 in Soybean–Casein Digest Broth diluent; inoculate suitable
quantities of Mossel–Enterobacteriaceae Enrichment Broth to contain 0.1, 0.01, or 0.001 g or mL
of the product. Incubate at 30 –35 for 24–48 h. Subculture onto a plate of Violet-Red Bile Agar
with Glucose and Lactose, and incubate at 30 –35 for 18–24 h. Growth of well developed,
generally red or reddish, colonies of Gram-Negative bacteria reveal the presence of
enterobacteria. Determine the most probable number of microorganisms per g or per mL by
reference to Table 2.
Table 2. Most Probable Enterobacterial Count
Observed Presence of Enterobacteria
Number of g
or mL 1S (USP36)
of specimen per tube
0.1
+

0.01
+

0.001
+

+

+

–

+

–

–

–

–

–

Most Probable Number of Enterobacteria
per g
or per mL 1S (USP36)
more than 100
103 1S (USP36)
fewer than 100 but more than 10
fewer than 103 but more than 102 1S (USP36)
fewer than 10 but more than 1
fewer than 102 but more than 101 1S (USP36)
fewer than 1
101 1S (USP36)

1 Available from ATC C , 10801 University Boulevard, Manassas, VA 20110-2209. Equivalent microorganisms,
provided that they are from a national collection repository, can be used in lieu of ATC C strains. However, the
viable microorganisms used in the test must not be more than five passages removed from the original ATC C or
national collection culture.

BRIEFING
2023 MICROBIOLOGICAL ATTRIBUTES OF NONSTERILE NUTRITIONAL AND DIETARY
SUPPLEMENTS, USP 35 page 962. On the basis of comments received and expert committee
deliberations, it is proposed to revise Table 2 to update the recommended microbial limits for
botanicals to be treated with boiling water before use.
(GCM: R.Tirumalai.)
Correspondence Number—C112777

Comment deadline: May 31, 2012
2023

MICROBIOLOGICAL ATTRIBUTES OF NONSTERILE NUTRITIONAL AND DIETARY
SUPPLEMENTS

The raw materials, pharmaceutical ingredients, and active ingredients used in the manufacture of
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nutritional and dietary articles may range from chemically synthesized vitamins to plant extracts
and animal byproducts, and these ingredients are typically not sterile. Considerable experience
has accrued with these highly refined plant- and animal-derived pharmaceutical ingredients, such
as microcrystalline cellulose, modified starch, lactose, and magnesium stearate, and their
microbiological attributes are well established. Botanicals may be microbiologically contaminated at
any point during cultivation, harvesting, processing, packing, and distribution. Major sources of
microbial contamination are associated with human or animal feces used as plant manure;
contaminated irrigation water and/or process water; and poor worker hygiene and sanitation
practices during harvesting, sorting, processing, packaging, and transportation. Furthermore, it is
essential that microbiological contamination be minimized during the manufacture of nonsterile
dietary supplements. To achieve this, Good Manufacturing Practices are employed and adequate
microbiological specifications are established.
Microbiological process control, control of the bioburden of raw materials, and control of the
manufacturing process to minimize cross-contamination are necessary to guarantee acceptable
microbial quality in the final dosage forms. Because nonaqueous or dry dosage forms do not
support microbial growth because of low water activity, the microbial quality of such articles is a
function of the microorganisms introduced through ingredients or during processing. In addition to
considering the intended use of the product, the frequency of microbial testing for the finished
nonsterile dietary supplement would be a function of the historical microbial testing database of
that product, knowledge of the manufacturing processes, the susceptibility of the formulation to
microbial proliferation, and the demonstrated effectiveness of programs controlling the raw
materials.
FORMULATION AND PROCESS DESIGN
From a microbiological perspective, the development of the formulation of nutritional or dietary
supplements includes an evaluation of raw materials and their suppliers and the contribution made
to the products by each ingredient and the manufacturing processes. Characterization of these
elements allows the adequacy of the manufacturing process to be demonstrated. For example, if a
product is formulated with an ingredient of botanical or animal origin known to possess a high,
variable, or unpredictable level of microbiological contamination, it is necessary to ensure that the
microbiological monitoring identifies ingredients that have an inappropriate bioburden level and
that a premanufacturing process such as drying, extraction, heat treatment, irradiation, or
gaseous sterilization treatment will inactivate or remove any objectionable contaminant possibly
present.
However, the selected treatment technique should not have any adverse effects. The treatment
of raw materials by irradiation and ethylene oxide may cause unwanted changes affecting the
safety and efficacy of the raw material. For instance, when treated by ethylene oxide, crude
extracts containing alkaloids have shown reduced contents of alkaloids. Dry heat treatment has
been used for inactivation as well, but requires further evaluation because it may adversely affect
stability and degradation of the raw material. With regard to the design of the manufacturing
process, appropriate consideration should be given to the microbiological effect of wet granulation
manufacturing processes. Wetting of a dry powder can result in increased levels of
microorganisms if the granulation is stored prior to drying. However, it is recognized that the
pressure and temperature associated with compression of tablets will decrease microbial counts.
Antimicrobial activity is also achieved, especially with aqueous preparations, by the addition of
chemicals that have known antimicrobial properties and that are compatible with the formulation.
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However, antimicrobial preservation is not a substitute for Good Manufacturing Practices. A
process has to be designed to minimize the microbiological population. Operating procedures,
temperatures, and time limits, including holding times, are established to protect the product from
microbiological contamination and growth. All processes have to be validated for their intended
purposes. Moreover, in-process manufacturing and testing controls necessary for microbiological
quality should be identified and implemented.
FACILITIES, EQUIPMENT, WATER, AND SANITIZATION
Facilities—The facilities, including the building and the heating, ventilation, and air-conditioning
(HVAC) systems, should be designed to minimize microbiological contamination. The design of
facilities used for the manufacture of supplements and their operating parameters should be
documented, and the documentation should include, when appropriate, HVAC filter types, space
pressure differentials, temperature, and relative humidity and air changes. Dry products processed
in a dry environment do not possess a high potential for increased microbial levels. However, some
control is warranted to minimize microbiological and chemical contamination. Potentially
problematic areas are those that utilize Purified Water for wet granulation, batching liquid
products, and film-coating tablets, because water encourages microbial growth.
Equipment—Equipment used for the processing of semisolid and dry supplements should be
designed to promote sanitary conditions, to be self-drying, and to be easy to clean. Dryers,
ovens, wet granulation equipment, bulk tanks, and equipment for preparation of coating solutions
are periodically evaluated to ensure that cleaning procedures are adequate.
Water—As one of the major components in nutritional and dietary supplement manufacturing
processes, water deserves a special consideration in the microbiological control of these articles.
It is a growth medium for a variety of microorganisms that present a threat to product quality,
safety, preservation, and stability. Water may even act as a carrier of objectionable
microorganisms. In view of this, water used in manufacturing is Purified Water. For the
manufacture of raw materials, process water that meets specific microbiological objectives and
U.S. Environmental Protection Agency National Drinking Water standards or equivalent European
and Japanese standards may be used.
Cleaning and Sanitization—Detailed and specific cleaning and sanitization procedures should be
evaluated, developed, and validated, with special attention given to product contact surfaces.
Personnel should possess sufficient knowledge of these procedures.
SUPPLEMENT COMPONENTS
Raw materials, excipients, and active substances as components of nutritional and dietary
supplements can be a primary source of microbiological contamination. Specifications should be
developed and sampling plans and test procedures should be employed to guarantee the desired
microbiological attributes of these materials. The nature and extent of microbiological testing
should be based upon a knowledge of the material's origin, its manufacturing process, use,
historical data, and experience. For instance, materials of animal or botanical origin that are not
highly refined might require special, more frequent testing than synthetic products.
Since members of the family Enterobacteriaceae are a major component of the normal epiphytic
and endophytic microflora (e.g., members of genera Klebsiella, Enterobacter, and Erwinia) and
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have been associated with the seeds, pods, roots, leaves, and stems of plants of economic
importance, Coliform or Enterobacteriaceae counts will not be an appropriate general
microbiological criterion for botanicals. However, when it is considered advantageous, Coliform or
Enterobacteriaceae counts may be included in the individual monographs. Typically on new
leaves, bacteria predominate in the microflora, while yeast and filamentous fungi succeed bacteria
and become dominant late in the growing season. With dried botanicals, the bacterial population
will tend to change from Gram-negative bacteria to Gram-positive spore formers and fungi.
Refinement of botanicals from chopped or powdered plant material to powdered extracts using
alcoholic, alkaline, acid hydro-alcoholic, or aqueous extracting materials will reduce the likelihood
of vegetative microorganisms within the botanical material. The classification of botanical
materials is contained in Table 1.
Table 1. Definitions of a Range of Botanical Materials
Botanical
Preparation
Definition
Chopped or
Hand-picked portions of the botanical (e.g., leaves, flowers, roots, tubers, etc.)
Powdered
that are air dried, chopped, flaked, sectioned, ground, or pulverized to the
Botanicals
consistency of a powder.
Extracts are solids or semisolid preparations of a botanical that are prepared by
percolation, filtration, and concentration by evaporation of the percolate. The
extracting material may by alcoholic, alkaline, acid hydro-alcoholic, or aqueous
Botanical
in nature. Typically, an extract is 4–10 times as strong as the original botanical.
Extracts
The extracts may be semisolids or dry powders termed powdered extracts.
Tinctures are solutions of botanical substances in alcohol obtained by extraction
Tinctures
of the powdered, flaked, or sectioned botanical.
Infusions are solutions of botanical principles obtained by soaking the powdered
botanical in hot or cold water for a specified time and straining. Typically,
Infusions
infusions are 5% in strength.
Decoctions are solutions of botanicals prepared by boiling the material in water
Decoctions
for at least 15 min and straining. Typically, decoctions are 5% in strength.
A fluidextract is an alcoholic liquid extract made by percolation of a botanical so
Fluidextracts
that 1 mL of the fluidextract represents 1 g of the botanical.
Botanicals to be
treated with
boiling water
Dried botanicals to which boiling water is added immediately prior to
before use
consumption.
Change to read:
MICROBIOLOGICAL TESTING
Frequency of Sampling and Testing
Microbiological attribute sampling and testing plans vary widely. In some cases, no sampling or
testing is necessary; in other cases, periodic monitoring is warranted; and yet for some articles,
each batch requires sampling and testing. The design of the sampling and testing plans and the
kind of attributes examined depend on the application and the type of the product, the potential
for contamination from components and processing, the growth promotion or inhibition properties
of the formulation, and the target population for the supplement. For example, a powdered
botanical may have highly variable microbiological attributes so that an incoming batch would be
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sampled and composite testing would not be advised, while a highly refined botanical extract may
not require routine microbial testing. Similarly, products with a low water activity will not be
susceptible to microbial growth during their shelf life provided they are protected from elevated
humidity by their containers.
Microbial Enumeration Tests
See the Introduction under Microbial Enumeration Tests—Nutritional and Dietary Supplements
2021 . These tests provide meaningful information regarding the microbiological acceptability of
excipients, active substances, and nonsterile supplement formulations. If the individual monograph
does not specify microbial enumeration limits, the guidance provided in this chapter is used.
Acceptable general limits of microbial levels for raw materials, excipients, and botanical products
are shown in Table 2; and those for raw materials, excipients, active ingredients, and other
nonsterile finished articles that are nutritional supplements, but do not contain botanicals, are
shown in Table 3.
Table 2. Recommended Microbial Limits for Botanical Ingredients and Products
Recommended Microbial Limit
Requirements
Material
(cfu/g or mL)

Dried or Powdered Botanicals

Powdered Botanical Extracts
Tinctures
Fluidextracts
Infusions/Decoctions

Nutritional Supplements with Botanicals

Total aerobic microbial count NMT 105
Total combined yeasts and molds count NMT 103
Bile-tolerant Gram-negative bacteria NMT 103
Absence of Salmonella spp. and E. coli in 10 g
Total aerobic microbial count NMT 104
Total combined yeasts and molds count NMT 103
Absence of Salmonella spp. and E. coli in 10 g
Total aerobic microbial count NMT 104
Total combined yeasts and molds count NMT 103
Total aerobic microbial count NMT 104
Total combined yeasts and molds count NMT 103
Total aerobic microbial count NMT 102
Total combined yeasts and molds count NMT 10
Total aerobic microbial count NMT 104
Total combined yeasts and molds count NMT 103
Absence of Salmonella spp. and E. coli in 10 g
Total aerobic microbial count NMT 105
6 1S (USP36)

Total combined yeasts and molds count NMT 103
4 1S (USP36)

Bile-tolerant Gram-negative bacteria NMT 102
1S (USP36)
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Botanicals to be treated with boiling water
before use

Absence of E. coli
and Salmonella spp.
in 10 g

1S (USP36)

Table 3. Recommended Microbial Limits for Dietary Supplement Ingredients and Products
Recommended Microbial Limit
Requirements
Material
(cfu/g or mL)
Total aerobic microbial count NMT 103
Total combined yeasts and molds count
NMT 102
Other raw materials and dietary supplement
ingredients
Absence of E. coli in 10 g
Total aerobic microbial count NMT 103
Total combined yeasts and molds count
NMT 102
Nutritional supplements with synthetic or highly
refined ingredients
Absence of E. coli in 10 g
Absence of Objectionable Microorganisms
See Introduction under Microbiological Procedures for Absence of Specified Microorganisms—
Nutritional and Dietary Supplements 2022 . Absence of one or more species of objectionable
microorganisms is required in some individual monographs.
Test for Aflatoxins—Dietary and nutritional articles containing botanical products with a history
of mycotoxin contamination are also typically tested for aflatoxins, especially if the material is
obtained from roots or rhizomes. See Articles of Botanical Origin 561 for the details of a test
for aflatoxins. Where necessary, this test is included in the individual monograph.
Solid Oral Dosage Forms—Among all dosage forms, solid oral dosage forms present the lowest
microbiological risk because of their method of manufacture, low water activity, and route of
administration. When justified, reduced microbiological testing may be appropriate.
Other Concerns—The presence of some microorganisms in articles can be an indicator of
processes that are not under microbiological control. For example, Purified Water used at some
stage of the manufacture of these products might contain a typical flora of Gram-negative
microorganisms. As with pharmaceutical products, inadequate processing of water and poor
maintenance of water systems may result in the contamination of processed formulations by
Gram-negative microorganisms.
BRIEFING
Peptone, Dried, USP 35 page 1041 and PF 37(4) [July–Aug. 2011]. It is proposed to update
the specifications of this reagent.
(HDQ: M. Marques.)
Correspondence Number—C109900

Comment deadline: May 31, 2012
Change to read:
Peptone, Dried (Meat Peptone)—Reddish-yellow to brown powder, having a characteristic, but
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not putrescent, odor. Soluble in water, forming a yellowish-brown solution having a slight acid
reaction; insoluble in alcohol and in ether.
Nitrogen content
compounds 1S (USP36)
(Reagent test)—Determine by the Kjeldahl method, using a test specimen previously dried at 105
to constant weight: between 14.2% and 15.5% of nitrogen is found, corresponding to not less
than 89% of protein.
12% and 18% of nitrogen is found. 2S (USP35)
Residue on ignition (Reagent test)—Ignite 500 mg with 1 mL of sulfuric acid: the residue weighs
not more than 25 mg (5.0%)
NMT 75 mg (15.0%). 2S (USP35)
Loss on drying

731 —Dry it at 105 to constant weight: it loses NMT 7.0% of its weight.

Coagulable protein—Heat a filtered solution (1 in 20) to boiling: no precipitate forms.
Proteoses—Mix 5 mL of a filtered solution (1 in 10) with 20 mL of a filtered solution of zinc sulfate
(made by dissolving 50 g of the salt in 35 mL of water): not more than a slight, flocculent
precipitate is formed.
Microbial content—NMT 104 cfu/g

2S (USP35)

BRIEFING
L21. USP 35 page 1086. It is proposed to increase the particle size range of this phase.
(HDQ: M. Marques.)
Correspondence Number—C112594

Comment deadline: May 31, 2012
Change to read:
L21—A rigid, spherical styrene-divinylbenzene copolymer 3 to 10 µm
30 µm 1S (USP36)
in diameter.
BRIEFING
S1D. It is proposed to add this new support.
(HDQ: M. Marques.)
Correspondence Number—C112663

Comment deadline: May 31, 2012
Add the following:
S1D—A support prepared from crushed firebrick and calcinated or burned with a clay binder
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above 900 , not acid washed. It may be silanized.

1S (USP36)

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, USP 35 page 1089, PF 37(6) [Nov.–Dec.
2011], and PF 38(1) [Jan.–Feb. 2012].
(HDQ.)
Correspondence Number—C90062; C96921; C102826
The following table is provided as a reminder for the pharmacist engaged in the typical dispensing
situation who already is acquainted with the Packaging and Storage requirements set forth in the
individual monographs. It lists the capsules and tablets that are official in the United States
Pharmacopeia and indicates the relevant tight (T), well-closed (W), and light-resistant (LR)
specifications applicable to containers in which the drug that is repackaged should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Amoxicillin and Clavulanic Acid Extended-Release Tablets

T

1S (USP36)

Add the following:
Atomoxetine Capsules

W

1S (USP36)

Add the following:
Rabeprazole Sodium Delayed-Release Tablets

T

1S (USP36)

BRIEFING
Description and Relative Solubility of USP and NF Articles, USP 35 page 1098, page 1343 of
PF 35(5) [Sept.–Oct. 2009], page 271 of PF 36(1) [Jan.–Feb. 2010], page 578 of PF 36(2) [Mar.–
Apr. 2010], page 1396 of PF 36(5) Sept.–Oct. 2010], page 1782 of PF 36(6) [Nov.–Dec. 2010], PF
37(1) [Jan.–Feb. 2011], PF 37(3) [May–Jun. 2011], PF 37(4) [July–Aug. 2011], PF 37(5) [Sept.–
Oct. 2011], PF 37(6) [Nov.–Dec. 2011], and PF 38(1) [Jan.–Feb. 2012].
(HDQ.)
Correspondence Number—C90062; C91420; C92117; C99205; C101815; C106912; C112409
Add the following:
Aripiprazole: A white to off-white, crystalline powder. Freely soluble in dichloromethane;
sparingly soluble in toluene; insoluble in methanol and in water. 1S (USP36)
Add the following:
Atomoxetine Hydrochloride: White to practically white solid. Sparingly soluble in water.
1S (USP36)

Add the following:
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Latanoprost: Colorless to slightly yellow oil. Very soluble in acetonitrile; freely soluble in
acetone, in ethanol, in ethyl acetate, in isopropanol, in methanol, and in octanol; practically
insoluble in water. 1S (USP36)
Add the following:
Memantine Hydrochloride: White to off-white, colored powder. Slightly soluble in water.
1S (USP36)

Add the following:
Propanediol: Clear, colorless, hygroscopic liquid. Specific Gravity 841 , Method I: 1.040–
1.065. Soluble in water, in alcohol, in methyl alcohol, in isopropyl alcohol, in butyl alcohol, in
acetone, in propylene glycol, and miscible with many polar solvents. NF category: Humectant;
solvent; wetting and/or solubilizing agent. 1S (NF31)
Add the following:
Rabeprazole Sodium: White to slightly yellowish white solid. Very soluble in water and in
methanol; freely soluble in dehydrated ethanol. 1S (USP36)
Delete the following:
Starch: Irregular, angular, white masses or fine powder. Is odorless, and has a slight,
characteristic taste. Insoluble in cold water and in alcohol. NF category: Tablet and/or capsule
diluent; tablet disintegrant; tablet and/or capsule lubricant. 1S (NF31)
Change to read:
Corn Starch: Irregular, angular, white masses
(which may be bleached) 1S (NF31)
or fine powder. Is odorless, and has a slight, characteristic taste. Insoluble in cold water and in
alcohol. NF category: Tablet and/or capsule diluent; tablet disintegrant; tablet binder; suspending
and/or viscosity-increasing agent.
Change to read:
Potato Starch: Irregular, angular, white masses
(which may be bleached) 1S (NF31)
or fine powder. Is odorless, and has a slight, characteristic taste. Insoluble in cold water and in
alcohol. NF category: Tablet and/or capsule diluent; tablet disintegrant; tablet binder; suspending
and/or viscosity-increasing agent.
Change to read:
Tapioca Starch: Irregular, angular, white to pale yellow masses
(which may be bleached) 1S (NF31)
or fine powder. Insoluble in cold water and in alcohol. NF category: Suspending and/or viscosityincreasing agent; tablet binder; tablet and/or capsule diluent; tablet disintegrant.
Change to read:
Wheat Starch: Irregular, angular, white masses
(which may be bleached) 1S (NF31)
or fine powder. Is odorless and has a slight, characteristic taste. Insoluble in cold water and in
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alcohol. NF category: Tablet and/or capsule diluent; tablet disintegrant; tablet binder; suspending
and/or viscosity-increasing agent.
BRIEFING
Excipients, USP and NF Excipients, Listed by Category, NF 30 page 1673, page 1197 of PF
35(5) [Sept.–Oct. 2009], PF 37(4) [July–Aug. 2011], PF 37(5) [Sept.–Oct. 2011], PF 37(6) [Nov.–
Dec. 2011], and PF 38(1) [Jan.–Feb. 2012]. It is proposed to add Propanediol to the Humectant,
Solvent, and Wetting and/or solubilizing agent categories to complement the proposed new
monograph for Propanediol, which appears elsewhere in this issue of PF.
(EM1; EM2.)

Correspondence Number—C106912

In the following reference table, the grouping of excipients by functional category is intended to
summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the substance
nor to indicate that it has no other utility.
Change to read:
Humectant
Propanediol

1S (NF31)

Change to read:
Solvent
Propanediol

1S (NF31)

Change to read:
Wetting and/or solubilizing agent
Propanediol

1S (NF31)

BRIEFING
Dibutyl Sebacate, NF 30 page 1782. As part of the USP monograph modernization effort, it is
proposed to make the following changes.
1.
Add a chemical structure and two more chemical names.
2.
Update the monograph Definition based on a newly revised Assay procedure.
3.
Add an Identification section with two tests. Test A is based on IR identification. Test B is
based on the major peak retention time agreement with USP Dibutyl Sebacate RS; this
result is obtained from the Assay.
4.
The Assay is revised to replace the packed-column gas chromatography procedure with a
capillary-column procedure. The proposed procedure is based on analyses performed
with the J & W Scientific DB-1 brand of G2 column. In the Assay, the retention times
for methyl heptadecanoate and dibutyl sebacate are approximately 11.2 and 12.5 min,
respectively.
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5.
Update the Packaging and Storage section.
6.
A new USP Reference Standard is added to the IR Identification test and to the Assay
procedure.
(EXC: H. Wang.)
Correspondence Number—C111448

Comment deadline: May 31, 2012
Dibutyl Sebacate
Add the following:

CH3 (CH2 )3 OOC(CH2 )8 COO(CH2 )3 CH3 C3 H18 H34 O4
Decanedioic acid, 1,10-dibutyl ester;
Dibutyl 1,10-decanedioate;
Sebacic acid di-n-butyl ester
[109-43-3].

314.46

1S (NF31)

DEFINITION
Change to read:
Dibutyl Sebacate consists of esters of n-butyl alcohol and saturated dibasic acids, principally
sebacic acid. It contains NLT 92.0%
and NMT 102.0% 1S (NF31)
of dibutyl sebacate (C18 H34 O4 ).
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197F
Sample: Undried specimen
Acceptance criteria: Meets the requirements

1S (NF31)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (NF31)
ASSAY
Change to read:
• Procedure
System suitability solution: Add 0.2 g of methyl heptadecanoate to 0.3 g of Dibutyl
Sebacate, and mix to dissolve.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: GC
Detector: Flame ionization
Column: 2-mm × 1.8-m; packed with 10% liquid phase G41 on 100- to 120-mesh support
S1A
Column temperature: See Table 1.
Table 1
Initial
TemperatureFinal
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
(min)
( )
( /min)
( )
150
—
150
2
150
4
280
30
Carrier gas: Helium
Flow rate: 30 mL/min
Injection volume: 1 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for methyl heptadecanoate and dibutyl sebacate are
0.8 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 1.8 between dibutyl sebacate and methyl heptadecanoate
Relative standard deviation: NMT 2.0%
Analysis
Sample: Dibutyl Sebacate (neat)
Calculate the percentage of dibutyl sebacate (C18 H34 O4 ) in the portion of sample taken:
Result = (rU/rT) × 100
r=
U peak response for dibutyl sebacate
r=
T sum of the responses of all the peaks
Acceptance criteria: NLT 92.0%
Internal standard solution: 0.9 mg/mL of methyl heptadecanoate in alcohol
Standard solution: 1.0 mg/mL of USP Dibutyl Sebacate RS in the Internal standard
solution
Sample solution: 1.0 mg/mL of Dibutyl Sebacate in the Internal standard solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused silica column, coated with a 0.25-µm film of phase G2
Temperature
Detector: 300
Injection port: 300
Column: See Table 1.
Table 1
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Initial
Temperature
Temperature
Ramp
( )
( /min)

Final
Hold Time at Final
Temperature
Temperature
( )
(min)

150
—
150
5
150
10
250
5
Carrier gas: Helium
Linear velocity: 50 cm/s
Injection volume: 1 µL
Injection type: Split injection, split ratio is about 30:1
Run time: 20 min
System suitability
Sample: Standard solution [Note—The relative retention times for dibutyl sebacate and
methyl heptadecanoate are 1.0 and 0.9, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between methyl heptadecanoate and dibutyl sebacate
Relative standard deviation: NMT 2.0% for the peak response ratio of dibutyl
sebacate to methyl heptadecanoate
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dibutyl sebacate (C18 H34 O4 ) in the portion of Dibutyl
Sebacate taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of dibutyl sebacate to methyl heptadecanoate from the Sample
solution
RS= peak response ratio of dibutyl sebacate to methyl heptadecanoate from the Standard
solution
C=
S concentration of USP Dibutyl Sebacate RS in the Standard solution (mg/mL)
C=
U concentration of Dibutyl Sebacate in the Sample solution (mg/mL)
Acceptance criteria: 92.0%–102.0% 1S (NF31)

SPECIFIC TESTS
• Specific Gravity
• Refractive Index

841 : 0.935–0.939 at 20
831 : 1.429–1.441

• Fats and Fixed Oils, Acid Value

401 : NMT 0.1

• Fats and Fixed Oils, Saponification Value

401 : 352–360

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at room temperature. Protect from moisture. 1S (NF31)
Add the following:
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• USP Reference Standards
USP Dibutyl Sebacate RS

11

1S (NF31)

BRIEFING
Maltitol, NF 30 page 1852. As part of the USP monograph modernization effort, it is proposed to
replace Identification test A based on a wet chemical method with a spectroscopic Infrared
Absorption identification test.
(EXC: H. Wang.)
Correspondence Number—C112224

Comment deadline: May 31, 2012
Maltitol

C12 H24 O11

344.31

d-Glucopyranosyl-d-glucitol

[585-88-6].

DEFINITION
Maltitol contains NLT 92.0% and NMT 100.5% of d-maltitol (C12 H24 O11 ), calculated on the
anhydrous basis. The amounts of total sugars, other polyhydric alcohols, and any polyol
anhydrides, if detected, are not included in the requirements or in the calculated amount under
Other Impurities (General Notices and Requirements, 5.60.10 Other Impurities in USP and NF
Articles).
IDENTIFICATION
Delete the following:
• A. Procedure
Sample solution: 1 g of Maltitol in 75 mL of water
Analysis: Transfer 3 mL of the Sample solution to a 15-cm test tube, and add 3 mL of freshly
prepared catechol solution (1 in 10). Add 6 mL of sulfuric acid, mix again, and gently heat
the tube in a flame for 30 s.
Acceptance criteria: A deep pink or wine-red color appears. 1S (NF31)
Add the following:
• A. Infrared Absorption 197K
1S (NF31)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Water. [Note—Degas the Mobile phase before use. ]
System suitability solution: 4.8 mg/g of USP Maltitol RS and 4.8 mg/g of sorbitol
Standard solution: 10 mg/g of USP Maltitol RS and 1.6 mg/g of sorbitol
Sample solution: Dissolve 0.20 g of Maltitol in water, and dilute with water to 20 g. Record
the final solution weight, and mix thoroughly. The solution is 10 mg/g of Maltitol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm × 10-cm; packing L34
Temperatures
Column: 60 ± 2
Detector: 35
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for maltitol and sorbitol are 0.48 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between maltitol and sorbitol, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of d-maltitol (C12 H24 O11 ) in the portion of Maltitol taken:
Result = (rU/rS) × (CS/CU) × [100/(100

W)] × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Maltitol RS in the Standard solution (mg/g)
C=
U concentration of Maltitol in the Sample solution (mg/g)
W= percentage obtained in the test for Water Determination
Acceptance criteria: 92.0%–100.5% on the anhydrous basis
IMPURITIES
• Limit of Nickel
Sample solution: Dissolve 20.0 g of Maltitol in diluted acetic acid, and dilute with diluted
acetic acid to 150 mL.
Blank solution: 150 mL of diluted acetic acid
Standard solutions: Prepare three solutions by adding 0.5, 1.0, and 1.5 mL of nickel
standard solution TS to 20.0 g of Maltitol dissolved in diluted acetic acid, and dilute with the
same solvent to 150 mL.
Instrumental conditions
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(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Maxima at about 232.0 nm
Lamp: Nickel hollow-cathode
Flame: Air–acetylene
Analysis
Samples: Standard solutions and Sample solution
To each sample, add 2.0 mL of a saturated ammonium pyrrolidinedithiocarbamate solution
(containing 10 g/L of ammonium pyrrolidinedithiocarbamate) and 10.0 mL of methyl isobutyl
ketone, and shake for 30 s. Protect from bright light. Allow the two layers to separate, and
use the methyl isobutyl ketone layer. Set the instrument to zero using the organic layer
from the Blank solution. Concomitantly determine the absorbances of the organic layer from
the Samples at least three times each. Record the average of the steady readings for
each of the Standard solutions and the Sample solution. Between each measurement,
aspirate the organic layer from the Blank solution, and ascertain that the reading returns
to zero. Plot the absorbances of the Standard solutions and the Sample solution versus
the added quantity of nickel. Extrapolate the line joining the points on the graph until it
meets the concentration axis. The distance between this point and the intersection of the
axes represents the concentration of nickel in the Sample solution.
Acceptance criteria: NMT 1 µg/g
• Reducing Sugars
Sample: 3.3 g
Titrimetric system
Mode: Residual titration
Titrant: 0.05 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 3 mL of water with the aid of gentle heat. Cool, and add
20.0 mL of cupric citrate TS and a few glass beads. Heat so that boiling begins after 4 min,
and maintain boiling for 3 min. Cool rapidly, and add 40 mL of diluted acetic acid, 60 mL of
water, and 20.0 mL of 0.05 N iodine VS. With continuous shaking, add 25 mL of hydrochloric
acid in water solution (6:94). When the precipitate has dissolved, titrate the excess of
iodine with Titrant using 2 mL of starch TS, added towards the end of the titration, as an
indicator.
Acceptance criteria: NLT 12.8 mL of Titrant is required, corresponding to NMT 0.3% of
reducing sugars, as glucose.
[Note—The amount determined in this test is not included in the calculated amount under
Other Impurities (General Notices and Requirements, 5.60.10 Other Impurities in USP and NF
Articles). ]
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count using the Plate Method does not exceed 103 cfu/g, and the total
combined molds and yeasts count does not exceed 102 cfu/g.
• Conductivity
Sample solution: 200 mg/mL
Analysis: Using an appropriate conductivity meter, choose a conductivity cell that is
appropriate for the properties and conductivity of the solution to be examined. Use a

PF 38(2): Mar.-Apr. 2012

148

certified reference material, for example a solution of potassium chloride, that is appropriate
for the measurement.1
The conductivity value of the certified reference material should be near the expected
conductivity value of the solution to be examined. After calibrating the apparatus with a
certified reference material solution, rinse the conductivity cell several times with water and
at least twice with the aqueous solution to be examined. Measure the conductivity of the
Sample solution at a temperature of 20 , while gently stirring with a magnetic stirrer.
Acceptance criteria: NMT 20 µS/cm
• Water Determination, Method I

921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. No storage requirements are
specified.
• USP Reference Standards
USP Maltitol RS

11

1 C ommercially available conductivity calibration solutions for conductivity meter standardization, standardized
by methods traceable to the National Institute of Standards and Technology (NIST), may be used. Solutions
prepared according to the instructions given in ASTM Standard D1125 may be used, provided the conductivity of
the resultant solution is the same as that of the solution prepared from the NIST-certified material.

BRIEFING
Methyl Salicylate, NF 30 page 1866. As part of the USP monograph modernization effort, it is
proposed to replace Identification test A, based on a wet chemical method, with a
spectroscopic infrared absorption identification test. A new USP Reference Standard is included
in the newly added identification test, and USP Methyl Salicylate RS is included in the USP
Reference Standards section.
(EXC: H. Wang.)
Correspondence Number—C73549

Comment deadline: May 31, 2012
Methyl Salicylate

C8 H8 O3

152.15

Benzoic acid, 2-hydroxy-, methyl ester;
Methyl salicylate
[119-36-8].
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DEFINITION
Methyl Salicylate is produced synthetically or is obtained by maceration and subsequent
distillation with steam from the leaves of Gaultheria procumbens L. (Fam. Ericaceae) or from the
bark of Betula lenta L. (Fam. Betulaceae). It contains NLT 98.0% and NMT 100.5% of methyl
salicylate (C8 H8 O3 ).
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197F

1S (NF31)

Sample: 1 drop of Methyl Salicylate
Analysis: Shake the Sample with 5 mL of water, and add 1 drop of ferric chloride TS.
Acceptance criteria: The resulting mixture has a deep violet color.
1S (NF31)

ASSAY
• Procedure
Sample: 2 g of Methyl Salicylate
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 1 N sodium hydroxide VS
Back-titrant: 1 N sulfuric acid VS
Endpoint detection: Colorimetric
Analysis: Place the Sample in a flask, and add 40.0 mL of Titrant. Boil gently under a reflux
condenser for 2 h. Cool, rinse the condenser and the sides of the flask with a few mL of
water, and add phenolphthalein TS. Titrate the excess alkali with Back-titrant. Perform a
blank determination. Each mL of 1 N sodium hydroxide VS corresponds to 152.2 mg of methyl
salicylate (C8 H8 O3 ).
Acceptance criteria: 98.0%–100.5%
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 µg/g

SPECIFIC TESTS
• Solubility in 70% Alcohol: One volume of synthetic Methyl Salicylate dissolves in seven
volumes of 70% alcohol. One volume of natural Methyl Salicylate dissolves in seven volumes
of 70% alcohol, the solution having NMT a slight cloudiness.
• Specific Gravity
variety

841 : 1.180–1.185 for the synthetic variety; 1.176–1.182 for the natural

• Optical Rotation, Angular Rotation 781A : Synthetic Methyl Salicylate and that from Betula
are optically inactive. Methyl Salicylate from Gaultheria is slightly levorotatory, the angular
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rotation not exceeding
• Refractive Index

1.5 in a 100-mm tube.

831 : 1.535–1.538 at 20

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to indicate whether it was made synthetically or distilled from either of the
plants of Gaultheria procumbens or Betula lenta.
Add the following:
• USP Reference Standards
USP Methyl Salicylate RS

11

1S (NF31)

BRIEFING
Propanediol. Because there is no existing NF monograph for this excipient, a new monograph is
proposed. The gas chromatographic (GC) procedure in the Assay is based on analyses using
the Phenomenex Zebron ZB-Wax brand of G16 column. The retention times for propylene glycol
and propanediol are 5.7 and 8.4 min, respectively. Interested parties are encouraged to
comment on the proposal.
(EXC: H. Wang.)
Correspondence Number—C106912

Comment deadline: May 31, 2012
Add the following:
Propanediol

C3 H8 O2

76.09

1,3-Propanediol;
1,3-Dihydroxypropane;
Propane, 1-3-diol;
Trimethylene glycol
[504-63-2].
DEFINITION
Propanediol contains NLT 99.7% of 1,3-propanediol (C3 H8 O2 ). It may be of vegetable, other
natural source, or synthetic origin.
IDENTIFICATION
• A. Infrared Absorption 197F
• B. The retention time of the major peak of the Sample solution corresponds to the 1,3propanediol peak of the System suitability solution, as obtained in the Assay.
ASSAY
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• Procedure
System suitability solution: Mix quantities of USP Propylene Glycol RS and USP 1,3Propanediol RS to obtain a solution containing about 5% propylene glycol and 95%
propanediol.
Sample solution: Propanediol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 30-m capillary column; bonded with a 0.25-µm layer of phase G16
Temperatures
Detector: 250
Injection port: 250
Column: See Table 1.
Table 1
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
15
200
—
200
40
250
17
Carrier gas: Helium
Flow rate: 1.1 mL/min
Injection volume: 0.2 µL
Split type: Split ratio of 18:1
System suitability
Sample: System suitability solution
[Note—The relative retention times for propylene glycol and propanediol are 0.7 and 1.0,
respectively. ]
Suitability requirements
Resolution: NLT 2.0 between the peaks due to propylene glycol and propanediol
Analysis
Sample: Sample solution
Calculate the percentage of propanediol in the portion of sample taken:
Result = (rU/rT) × 100
r=
U peak response for propanediol in the Sample solution
r=
T sum of all peak responses in the Sample solution
Acceptance criteria: NLT 99.7%
IMPURITIES
• Limit of Related Glycol Substances
System suitability solution, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Analysis

PF 38(2): Mar.-Apr. 2012

152

Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Propanediol taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity in the Sample solution
r=
T sum of all peak responses in the Sample solution
Acceptance criteria
Each individual impurity: NMT 0.1%
Total impurities: NMT 0.3%
• Limit of Aldehydes
Formaldehyde methanol solution1 : A solution containing 37% (w/w) of formaldehyde and
10%–15% (w/w) of methanol in water
Phenolphthalein solution: Dissolve 0.1 g of phenolphthalein in 80 mL of alcohol, and dilute
with water to 100 mL.
Quantification of Formaldehyde methanol solution: To 2.0 g of Formaldehyde methanol
solution, add 100 mL of a freshly prepared 100 mg/mL solution of sodium sulfite in carbondioxide free water. Add 0.1 mL of Phenolphthalein solution, and titrate with 0.5 N sulfuric
acid until the color changes from pink to colorless. Carry out a blank titration.
Calculate the percentage content of formaldehyde in Formaldehyde methanol solution using
the following expression:
Result (PHCHO) = {[(VS

VB) × N × MW × F]/W} × 100

VS= volume of 0.5 N sulfuric acid used in the assay (mL)
VB= volume of 0.5 N sulfuric acid used in the blank (mL)
N = normality of the titrant (mEq/mL)
MW
= milliequivalent weight of formaldehyde, 30.03 mg/mEq
F = unit conversion factor, 10 3 g/mg
W= weight of sample (g)
Standard stock solution: 1.2 µg/mL of Formaldehyde methanol solution in carbon-dioxide
free water, prepared from appropriately diluting Formaldehyde methanol solution in carbondioxide free water
Standard solutions: Introduce into 50-mL volumetric flasks 1.0-, 3.0-, 5.0-, 10.0-, 15.0-,
and 25.0-mL of Standard stock solution, respectively. Calculate the content of
formaldehyde, in µg, in the Standard solutions using the following expression. Proceed as
directed in the Analysis below.
Result (content of formaldehyde) = V × C × PHCHO × 0.01
V
C

= volume of the Standard stock solution added into the Standard solution (mL)
= concentration of Formaldehyde methanol solution in the Standard stock solution
(µg/mL)
PHCHO
= percentage content of formaldehyde in Formaldehyde methanol solution, as determined
above
Sample solution: Introduce 5.0 mL of 0.2 g/mL of propanediol in carbon-dioxide free water
into a 50-mL volumetric flask. Proceed as directed in the Analysis below.
Blank solution: Prepare in the same manner as for the Standard solutions but omitting the
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Standard stock solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 )
Mode: Vis spectrophotometry
Analytical wavelength: 655 nm
Analysis
Samples: Blank solution, Standard solutions, and Sample solution
To each flask of the Blank solution, Standard solutions, and Sample solution add 2 mL of a
freshly prepared 5 mg/mL solution of methylbenzothiazolone hydrazone hydrochloride
adjusted with 0.02 N sodium hydroxide to a pH of 4.0. Allow the solutions to stand for 30
min. Add 5 mL of a freshly prepared 7 mg/mL solution of ferric chloride. Cap and swirl the
flasks. Allow to stand for 5 min. Add methanol to each flask, and dilute with methanol to
50.0 mL. Mix thoroughly, then allow to stand for 1 min.
Measure the absorbance of the solutions using the treated Blank solution as compensation
liquid.
Plot the absorbance of the treated Standard solution versus the content of formaldehyde, in
µg, in the Standard solution. Obtain the content of formaldehyde WHCHO, in µg, in the treated
Sample solution based on the calibration curve.
Calculate the content of aldehydes expressed as formaldehyde (HCHO) in the portion of
Propanediol taken:
Result = WHCHO/(C × V)
WHCHO
= content of formaldehyde in the treated Sample solution, determined from the
calibration curve (µg)
C = concentration of Propanediol in the Sample solution (g/mL)
V = volume of the Sample solution in the analysis (mL)
Acceptance criteria: NMT 20 µg/g, expressed as HCHO.
SPECIFIC TESTS
• Acidity
Sample: 50 mL of Propanediol
Phenolphthalein solution: Dissolve 0.1 g of phenolphthalein in 80 mL of alcohol, and dilute
with water to 100 mL.
Titrimetric system
(See Titrimetry 541 )
Mode: Direct titration
Titrant: 0.01 N sodium hydroxide VS
Endpoint detection: Visual
Analysis: To 50 mL of water, add 1 mL of Phenolphthalein solution, then add Titrant until the
solution remains pink for 30 s. Add the Sample, and titrate with Titrant until the color turns
back to pink and remains for more than 30 s.
Calculate the acidity, as acetic acid (CH3 COOH):
Result = (VT × N × WMeq)/VS
VT = Titrant volume (mL)
N = Titrant normality (mEq/mL)

PF 38(2): Mar.-Apr. 2012

154

WMEq
= milliequivalent weight of acetic acid, 60.05 mg/mEq
VS = volume of Propanediol in the Sample (mL)
Acceptance criteria: NMT 0.1 mg/mL, calculated as acetic acid (CH3 COOH)
• Water Determination, Method Ic

921 : NMT 0.1%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Do not store above 50 . Protect
from moisture.
• Labeling: Label it to indicate whether Propanediol is derived from vegetable, other nature
source, or synthetic origin.
• USP Reference Standards
USP 1,3-Propanediol RS
USP Propylene Glycol RS

11

1S (NF31)

1 Formaldehyde TS can be used for Formaldehyde methanol solution.

BRIEFING
Amoxicillin and Clavulanic Acid Extended-Release Tablets. Because there is no existing USP
monograph for this dosage form, a new monograph is proposed based on validated methods of
analysis. The liquid chromatographic method in the Assay and in the test for Dissolution is
based on analyses performed with the Waters Resolve brand of L1 column. The typical
retention times for clavulanate and amoxicillin are about 2.5 and 5.5 min, respectively. The
liquid chromatographic method in the test for Organic Impurities is based on analyses
performed with the Spherisorb ODS2 brand of L1 column. The typical retention time for
amoxicillin is about 3 min.
(SM1: A. Wise.)
Correspondence Number—C102826

Comment deadline: May 31, 2012
Add the following:
Amoxicillin and Clavulanic Acid Extended-Release Tablets
DEFINITION
Amoxicillin and Clavulanic Acid Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of
the labeled amounts of amoxicillin (C16 H19 N3 O5 S) and clavulanic acid (C8 H9 NO5 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 6.9 g/L of monobasic sodium phosphate adjusted with phosphoric acid to a pH of 4.2
Mobile phase: Methanol and Buffer (5:95)
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Standard solution: 1 mg/mL of USP Amoxicillin RS and 62.5 µg/mL of USP Clavulanate Lithium
RS in water. Store the solution at 4 , and inject within 10 h.
Sample solution: Equivalent to 1 mg/mL of amoxicillin and 62.5 µg/mL of clavulanic acid from
finely powdered Tablets (NLT 6) in water. Stir for about 60 min. Store the solution at 4 , and
inject within 12 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 229 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
Autosampler temperature: 4
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between the amoxicillin and clavulanic acid peaks
Tailing factor: NMT 1.8 for the amoxicillin and clavulanic acid peaks
Relative standard deviation: NMT 1.0% for the amoxicillin and clavulanic acid peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amoxicillin (C16 H19 N3 O5 S) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= response of amoxicillin from the Sample solution
rS= response of amoxicillin from the Standard solution
C=
S concentration of USP Amoxicillin RS in the Standard solution (mg/mL)
C=
U nominal concentration of amoxicillin in the Sample solution (mg/mL)
P= potency of amoxicillin in USP Amoxicillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Calculate the percentage of the labeled amount of clavulanic acid (C8 H9 NO5 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= response of clavulanic acid from the Sample solution
rS= response of clavulanic acid from the Standard solution
C=
S concentration of USP Clavulanate Lithium RS in the Standard solution (µg/mL)
C=
U nominal concentration of clavulanic acid in the Sample solution (µg/mL)
P= potency of clavulanic acid in USP Clavulanate Lithium RS (mg/mg)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 75 rpm
Times
Amoxicillin: 1, 3, and 5 h
Clavulanic acid: 1 h
Mobile phase, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Standard solution: USP Amoxicillin RS and USP Clavulanate Lithium RS in Medium at known
concentrations similar to those expected in the Sample solution.
Sample solution: Pass a portion of the solution under test through a suitable filter, and dilute
with Medium, if necessary.
Analysis
Samples: Standard solution and Sample solution
Calculate the amounts of amoxicillin (C16 H19 N3 O5 S) and clavulanic acid (C8 H9 NO5 ) dissolved.
Tolerances
Amoxicillin: The percentage of the labeled amount of amoxicillin (C16 H19 N3 O5 S) dissolved
at the times specified conforms to Table 1.
Table 1
Time Amount Dissolved
(h)
(%)
1
50–65
3
65–85
5
NLT 85
Clavulanic acid: NLT 80% (Q) of the labeled amount of clavulanic acid (C8 H9 NO5 ) is
dissolved in 1 h.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer: 13.8 g/L of monobasic sodium phosphate in water adjusted with phosphoric acid to a
pH of 4.2
Solution A: Methanol and Buffer (1:199)
Solution B: Methanol and Buffer (10:90)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
8
70
30
13
70
30
13.01
40
60
18
40
60
18.01
100
0
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25
100
0
30
100
0
[Note—These gradient elution times are established on an HPLC system with a dwell volume of
approximately 5 mL. The gradient elution times in Table 2 can be adjusted as necessary to
achieve the separation described. ]
System suitability solution: 0.4 mg/mL of USP Amoxicillin RS and 30 µg/mL of USP Amoxicillin
Related Compound D RS in water. Store the solution at 4 .
Standard solution: 0.4 mg/mL of USP Amoxicillin RS in water. Store the solution at 4 , and
inject within 24 h.
Sample solution: 1 mg/mL of amoxicillin and 62.5 µg/mL of clavulanic acid from finely
powdered Tablets (NLT 2) in water. Stir for about 60 min. Store the solution at 4 , and use
within 24 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 5-cm; 3-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Autosampler temperature: 4
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.25 between the amoxicillin and amoxicillin related compound D peaks at
a relative retention time of 0.83, System suitability solution
Tailing factor: NMT 1.8 for the amoxicillin peak, Standard solution
Relative standard deviation: NMT 1.0% for the amoxicillin peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F 1 × (1/F 2) × 100
rU= response of each impurity from the Sample solution
rS= response of amoxicillin from the Standard solution
C=
S concentration of USP Amoxicillin RS in the Standard solution (mg/mL)
C=
U nominal concentration of amoxicillin in the Sample solution (mg/mL)
P= potency of amoxicillin in USP Amoxicillin RS (µg/mg)
F=
1 conversion factor, 0.001 mg/µg
F=
2 relative response factor (see Table 3)
Acceptance criteria: See Table 3. The reporting limit is 0.003%.

Name

Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

PF 38(2): Mar.-Apr. 2012

Amoxicillin related compound I
(d-hydroxyphenylglycine)a,b
Amoxicillin related compound A
(6-aminopenicillanic acid)a,c
Clavulanic acid
Amoxicillin related compound D
(amoxicillin open ring)a,d,e
Amoxicillin related compound B
(l-amoxicillin)a,f
Amoxicillin related compound D
(amoxicillin open ring)d,e
Amoxicillin
Amoxicillin related compound G
(d-hydroxyphenylglycylamoxicillin)a,g
Amoxicillin related compound E
(amoxicillin penilloic derivatives)a,h,i
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0.15
0.30
0.39
0.63
0.78
0.83
1.0
2.57
2.63
3.00

—

—

—

—

—

—

0.74
—

—
—

0.74
—

2.5
—

—

—

—

—

Amoxicillin related compound C
(amoxicillin rearrangement product)j
3.22
1.1
2.5
Amoxicillin open ring methyl estera,k
—
—
3.38
Amoxicillin related compound J
(amoxicillin open ring dimer)l
4.07
1.0
4.5
Any individual unspecified impurity
—
—
0.5
a These are synthetic process impurities, which are controlled in the drug substance. They
are listed here for reference only and are not to be reported.
b (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
c (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid.
d The chromatographic system resolves two isomers of amoxicillin open ring.
e (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
f (2S,5R,6R)-6-[(S)-2-Amino-2-(4-hydroxyphenyl)acetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-(4hydroxyphenyl)acetamido}-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
h The chromatographic system resolves two amoxicillin penilloic derivatives.
i (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methyl}-5,5-dimethylthiazolidine-4carboxylic acid.
j (4S)-2-[5-(4-Hydroxyphenyl)-3,6-dioxopiperazin-2-yl]-5,5-dimethylthiazolidine-4-carboxylic
acid.
k (4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]methoxycarbonylmethyl}-5,5dimethylthiazolidine-4-carboxylic acid.
l (2S,5R,6R)-6-((2R)-2-{2-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-2-[(4S)-4-carboxy5,5-dimethylthiazolidin-2-yl]acetamido}-2-(4-hydroxyphenyl)acetamido)-3,3-dimethyl-7oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.

PF 38(2): Mar.-Apr. 2012

159

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds and
yeasts count does not exceed 102 cfu/g.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Amoxicillin RS
USP Amoxicillin Related Compound D RS
(4S)-2-{[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5,5dimethylthiazolidine-4-carboxylic acid.
C16 H21 N3 O6 S
383.42
USP Clavulanate Lithium RS
1S (USP36)

BRIEFING
Aripiprazole. Because there is no existing USP monograph for this drug substance, a new
monograph is proposed based on validated methods. The liquid chromatographic procedure in
the Assay and in the test for Organic Impurities is based on analyses performed with a YMCPack ODS-A brand of L1 column. The typical retention time for aripiprazole is about 11 min.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C99205

Comment deadline: May 31, 2012
Add the following:
Aripiprazole

C23 H27 Cl2 N3 O2

448.39

2(1H)-Quinolinone, 7-[4-[4-(2,3-dichlorophenyl)-1-piperazinyl]butoxy]-3,4-dihydro-;
7-[4-[4-(2,3-Dichlorophenyl)-1-piperazinyl]butoxy]-3,4-dihydrocarbostyril
[129722-12-9].
DEFINITION
Aripiprazole contains NLT 98.0% and NMT 102.0% of aripiprazole (C23 H27 Cl2 N3 O2 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
• Procedure
Protect the solutions from light.
Diluent: Acetonitrile, methanol, water, and acetic acid (30:10:60:1)
Solution A: Acetonitrile and 0.05% trifluoroacetic acid (10:90)
Solution B: Acetonitrile and 0.05% trifluoroacetic acid (90:10)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
2
80
20
10
65
35
20
10
90
25
10
90
26
80
20
35
80
20
[Note—The gradient was established on an HPLC system with a dwell volume of approximately
650 µL. The injection time can be adjusted relative to the start of a run to accommodate
changes in dwell volume from one HPLC system to another to achieve the separation
described. ]
System suitability solution: 1 µg/mL each of USP Aripiprazole RS and USP Aripiprazole
Related Compound F RS in Diluent
Standard solution: 0.1 mg/mL of USP Aripiprazole RS in Diluent
Sample solution: 0.1 mg/mL of Aripiprazole in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for aripiprazole and aripiprazole related compound F are 1.0
and 1.1, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between aripiprazole and aripiprazole related compound F, System
suitability solution
Tailing factor: NMT 1.5 for aripiprazole, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aripiprazole (C23 H27 Cl2 N3 O2 ) in the portion of the sample
taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Aripiprazole RS in the Standard solution (mg/mL)
C=
U concentration of Aripiprazole in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
• Organic Impurities
Protect the solutions from light.
Diluent, Solution A, Solution B, Mobile phase, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Aripiprazole taken:
Result = (rI /rU) × (1/F) × 100
r=
I peak response of
r=
U peak response of
F= relative response
Acceptance criteria:

each impurity from the Sample solution
aripiprazole from the Sample solution
factor (see Table 2)
See Table 2.
Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Aripiprazole related compound Ga
0.9
0.72
0.10
Aripiprazole
1.0
—
—
b
,
d
Aripiprazole related compound F
—
—
1.1
Aripiprazole 4,4¢ -dimerc
1.3
1.0
0.10
Any other individual impurity
—
1.0
0.10
Total impurities
—
—
0.50
a 7-{4-[4-(2,3-Dichlorophenyl)piperazin-1-yl]butoxy}quinolin-2(1H)-one.
b 4-(2,3-Dichlorophenyl)-1-[4-(2-oxo-1,2,3,4-tetrahydroquinolin-7-yloxy)butyl]piperazin 1oxide.
c 1,1¢-(Ethane-1,1-diyl)bis(2,3-dichloro-4-{4-[3,4-dihydroquinolin-2(1H)-one-7yloxybutyl]piperazin-1-yl}benzene).
d For system suitability and identification purposes only.
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.3%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Aripiprazole RS
USP Aripiprazole Related Compound F RS
4-(2,3-Dichlorophenyl)-1-[4-(2-oxo-1,2,3,4-tetrahydroquinolin-7-yloxy)butyl]piperazin 1oxide.
C23 H27 Cl2 N3 O3
464.38
1S (USP36)

BRIEFING
Atomoxetine Hydrochloride. Because there is no existing USP monograph for this drug
substance a new monograph based on validated methods of analyses is proposed. The liquid
chromatographic procedure in the tests for Assay and Organic Impurities, Procedure 1 is based
on analyses performed with the Zorbax Eclipse XDB-C8 brand of L7 column. The typical
retention time for atomoxetine is 9.6 min. The liquid chromatographic procedure in the test for
Organic Impurities, Procedure 2 is based on analyses performed with the Chiralcel OD-H brand
of L40 column. The typical retention time for atomoxetine is 11.5 min.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C91420

Comment deadline: May 31, 2012
Add the following:
Atomoxetine Hydrochloride

C17 H21 NO·HCl

291.82

Benzenepropanamine, N-methyl- -(2-methylphenoxy)-, hydrochloride ( );
( )-N-Methyl-3-phenyl-3-(o-tolyloxy)propylamine hydrochloride

[82248-59-7].

DEFINITION
Atomoxetine Hydrochloride contains NLT 98.0% and NMT 102.0% of atomoxetine hydrochloride
(C17 H21 NO·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
atomoxetine R-isomer from the System suitability solution, as obtained in the test for Organic
Impurities, Procedure 2.
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• C. Identification Tests—General, Chloride
nitrate precipitate test

191 : Meets the requirements of the silver

ASSAY
• Procedure
Buffer: 2.9 g/L of phosphoric acid in water. Adjust with 5 M potassium hydroxide solution to a
pH of 2.5. To 1 L of this solution add 5.9 g of octanesulfonic acid sodium salt monohydrate.
Mobile phase: n-Propanol and Buffer (27:73). [Note—The ratio of n-propanol in Buffer can be
varied between 26:74 and 29:71 to meet system suitability requirements. ]
System suitability solution: 0.1 mg/mL of USP Mandelic Acid RS, 0.15 mg/mL of USP
Atomoxetine Related Compound A RS, and 0.25 mg/mL of USP Atomoxetine Hydrochloride RS
in Mobile phase
Standard solution: 0.25 mg/mL of USP Atomoxetine Hydrochloride RS in Mobile phase.
Sonication may be used to aid in dissolution.
Sample solution: 0.25 mg/mL of Atomoxetine Hydrochloride in Mobile phase. Sonication may
be used to aid in dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 1.3 times the retention time of atomoxetine
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 in Organic Impurities, Procedure 1 for relative retention times. ]
Suitability requirements:
Resolution: NLT 5.0 between mandelic acid and atomoxetine related compound A, System
suitability solution
Tailing factor: NMT 1.5 for atomoxetine, System suitability solution
Relative standard deviation: NMT 0.73% for atomoxetine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of atomoxetine hydrochloride (C17 H21 NO·HCl) in the portion of
Atomoxetine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Atomoxetine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Atomoxetine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
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IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
[Note—It is required to perform Organic Impurities, Procedure 1 and Organic Impurities,
Procedure 2. ]
• Organic Impurities, Procedure 1
Buffer and Mobile phase: Prepare as directed in the Assay.
System suitability solution: 0.10 mg/mL of USP Mandelic Acid RS, 0.15 mg/mL of USP
Atomoxetine Related Compound A RS, and 0.25 mg/mL of USP Atomoxetine Hydrochloride RS
in Mobile phase
Standard solution: 2.5 µg/mL of USP Atomoxetine Hydrochloride RS in Mobile phase
Sample solution: 2.5 mg/mL of Atomoxetine Hydrochloride in Mobile phase
Chromatographic system: Proceed as directed in the Assay, except to use a run time of 2.6
times the retention time of atomoxetine.
System suitability
[Note—See Table 1 for relative retention times. ]
Samples: System suitability solution and Standard solution
Suitability requirements:
Resolution: NLT 5.0 between mandelic acid and atomoxetine related compound A, System
suitability solution
Tailing factor: NMT 1.5 for atomoxetine, System suitability solution
Relative standard deviation: NMT 5% from three injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Atomoxetine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of atomoxetine from the Standard solution
C=
S concentration of USP Atomoxetine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Atomoxetine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Mandelic acida
Atomoxetine related compound Aa,b
Desmethyl atomoxetinec
Atomoxetine
Any individual unspecified impurity
Total impurities

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.20
—
0.27
—
0.73
0.3
1.0
—
—
0.10
—
0.5
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a For system suitability purposes only.
b 3-(Methylamino)-1-phenylpropan-1-ol.
c (R)-N-Methyl-3-phenoxy-3-phenylpropan-1-amine.
• Organic Impurities, Procedure 2
Mobile phase: Isopropyl alcohol, diethylamine, trifluoroacetic acid, and n-hexane (150: 1.5:
2.0: 846.5)
System suitability solution: 3.5 mg/mL of USP Atomoxetine Hydrochloride RS, 17.5 µg/mL of
USP Atomoxetine S-Isomer RS, and 3.5 µg/mL of USP Atomoxetine Related Compound B RS,
prepared by first dissolving the Standards in ethanol, using 25% of final volume. Dilute with
n-hexane to volume.
Sample solution: 3.5 mg/mL of Atomoxetine Hydrochloride prepared by first dissolving it in
ethanol, using 25% of final volume. Dilute with n-hexane to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 273 nm
Column: 4.6-mm × 25-cm; 5-µm packing L40
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 1.3 times the retention time of atomoxetine
System suitability
Sample: System suitability solution
[Note—See Table 2 for relative retention times. ]
Suitability requirements
Resolution: NLT 1.75 between atomoxetine S-isomer and atomoxetine related compound B
Tailing factor: NMT 1.8 for atomoxetine
Analysis
Sample: Sample solution
Calculate the percentage of atomoxetine related compound B, atomoxetine related
compound C, and atomoxetine S-isomer in the portion of Atomoxetine Hydrochloride taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of all the peak responses of atomoxetine related compound B, atomoxetine related
compound C, atomoxetine S-isomer, and atomoxetine from the Sample solution
Acceptance criteria: See Table 2.
Table 2

Name
Atomoxetine S-isomera
Atomoxetine related compound Cb
Atomoxetine related compound Bc
Atomoxetine

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.47
0.52
0.56
1.0

0.5
0.1
0.1
—
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a N-Methyl-3-phenyl-3-(o-tolyloxy)propan-1-amine.
b N-Methyl-3-phenyl-3-(p-tolyloxy)propan-1-amine.
c N-Methyl-3-phenyl-3-(m-tolyloxy)propan-1-amine.
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample under vacuum at 105 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards 11
USP Atomoxetine Hydrochloride RS
USP Atomoxetine Related Compound A RS
3-(Methylamino)-1-phenylpropan-1-ol.
C10 H15 NO
165.23
USP Atomoxetine Related Compound B RS
N-Methyl-3-phenyl-3-(m-tolyloxy)propan-1-amine hydrochloride.
C17 H21 NO·HCl
291.82
USP Atomoxetine S- Isomer RS
(S)-N-Methyl-3-phenyl-3-(o-tolyloxy)propan-1-amine hydrochloride.
C17 H21 NO·HCl
291.82
USP Mandelic Acid RS
-Hydroxyphenylacetic acid.
C8 H8 O3
152.15
1S (USP36)

BRIEFING
Atomoxetine Capsules. Because there is no existing USP monograph for this drug product, a
new monograph based on validated methods of analyses is proposed. The liquid
chromatographic procedure in the tests for Assay, Organic Impurities, and Dissolution is based
on analyses performed with the Agilent Zorbax SB-C8 brand of L7 column. The typical retention
time for atomoxetine is about 1.2 min in the Assay and the Dissolution tests, and about 11 min
in the test for Organic Impurities.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C96921

Comment deadline: May 31, 2012
Add the following:
Atomoxetine Capsules
DEFINITION
Atomoxetine Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of atomoxetine
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(C17 H21 NO).
IDENTIFICATION
• A. Infrared Absorption 197K or 197A
Standard: 6 mg/mL of USP Atomoxetine Hydrochloride RS in methanol. Dry the solution to a
dry powder under an air purge for a minimum of 3 h.
Sample: Shake the contents of a sufficient number of Capsules, equivalent to about 60 mg of
atomoxetine, with 10 mL of methanol. Centrifuge at 4000 rpm for 5 min. Evaporate the
solution to a dry powder with the aid of a stream of nitrogen.
Acceptance criteria: The IR spectrum exhibits main bands at or near (± 1) wave numbers
(cm 1) 2955, 2855, 1603, 1492, 1048, 1023, and 1010.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 5.8 g/L of monobasic potassium phosphate in water. To each liter of this solution add
3.0 mL triethylamine, and adjust with phosphoric acid to a pH of 2.5.
Mobile phase: Acetonitrile and Buffer (38:62)
System suitability solution: 0.1 mg/mL of atomoxetine (free base) from USP Atomoxetine
Hydrochloride RS and 0.02 mg/mL of o-cresol in Mobile phase. Sonicate to aid in dissolution.
Standard solution: 0.1 mg/mL of atomoxetine (free base) from USP Atomoxetine
Hydrochloride RS in Mobile phase. Sonicate to aid in dissolution.
Sample stock solution: From NLT 10 Capsules (including shells) prepared as follows. Add the
intact Capsules to a suitable volumetric flask. Add Mobile phase to fill 65% of the final
volume. Allow to stand for at least 10 min, then shake for 20 min. Dilute with Mobile phase to
volume.
Sample solution: Nominally 0.1 mg/mL of atomoxetine, prepared by diluting a suitable volume
of Sample stock solution with Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L7
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 1.7 times the retention time of atomoxetine
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for atomoxetine and o-cresol are 1.0 and 1.3, respectively.
]
Suitability requirements
Resolution: NLT 3.5 between atomoxetine and o-cresol, System suitability solution
Tailing: NMT 2.0 for atomoxetine, System suitability solution
Relative standard deviation: NMT 1.0% for atomoxetine, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of atomoxetine (C17 H21 NO) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of atomoxetine in the Standard solution (mg/mL)
C=
S nominal concentration of atomoxetine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 1000 mL, deaerated
Apparatus 2: 50 rpm, with three-prong sinker
Time: 30 min
Buffer and Mobile phase: Prepare as directed in the Assay.
Standard stock solution: 0.1 mg/mL of atomoxetine (free base) from USP Atomoxetine
Hydrochloride RS in Medium. Sonicate to aid in dissolution.
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of (L/1000) mg/mL, where L is the Capsule label claim in mg.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system: Proceed as directed in the Assay.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.4%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atomoxetine (C17 H21 NO) dissolved:
Result = (rU/rS) × (CS /L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of atomoxetine in the Standard solution (mg/mL)
V= volume of Medium (mL)
L= label claim (mg/Capsule)
Tolerances: NLT 80% (Q) of the labeled amount of atomoxetine (C17 H21 NO) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer: Dissolve 4.9 g of sodium 1-decanesulfonate and 6.9 g of monobasic potassium
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phosphate in 1 L of water. Adjust with phosphoric acid to a pH of 3.1.
Mobile phase: Acetonitrile and Buffer (41:59)
Sensitivity solution: 0.1 µg/mL of atomoxetine in Mobile phase
System suitability solution: 1 mg/mL of atomoxetine containing atomoxetine N-amide
prepared as follows. Weigh equal amounts of USP Atomoxetine Hydrochloride RS and urea,
and place in a volumetric flask. Add water to fill 10% of the final volume. Sonicate for 3 min.
Place the flask in an 85 oven for 40 min. Allow the solution to cool to room temperature.
Dilute with Mobile phase to volume. [Note—The oven temperature and time in the oven can
be adjusted to give a suitable level of atomoxetine N-amide peak. ]
Sample solution: 1 mg/mL of atomoxetine in Mobile phase, from the contents of NLT 5
Capsules prepared as follows. Transfer the Capsule contents to a suitable volumetric flask.
Fill 50% of the final volume with Mobile phase. Swirl and let stand for 15 min. Dilute with
Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 2.3 times the retention time of atomoxetine
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—See Table 1 for relative retention times. ]
Suitability requirements
Resolution: NLT 2.6 between atomoxetine and atomoxetine N-amide, System suitability
solution
Relative standard deviation: NMT 5%, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Capsules taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 1.
Table 1

Name
Desmethyl atomoxetinea
Atomoxetine
Atomoxetine N-amideb,c
Any individual unspecified degradation product

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.76
1.0
1.2
—

0.3
—
—
0.2
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Total impurities
—
a (R)-N-Methyl-3-phenoxy-3-phenylpropan-1-amine.
b (R)-1-Methyl-1-(3-phenyl-3-(o-tolyloxy)propyl)urea.
c For system suitability purposes only.

1.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 11
USP Atomoxetine Hydrochloride RS
1S (USP36)

BRIEFING
Atropine Sulfate Injection, USP 35 page 2271. It is proposed to revise monograph as follows.
1.
Replace the TLC Identification test with an HPLC retention time match, based on the
Assay.
2.
Clarify the procedures for the Mobile phase and System sutability solution preparation in
the Assay.
3.
Include a storage temperature in the Packaging and Storage section, to be consistent with
the approved package insert.
(SM4: R. Ravichandran.)
Correspondence Number—C111235

Comment deadline: May 31, 2012
Atropine Sulfate Injection
DEFINITION
Atropine Sulfate Injection is a sterile solution of Atropine Sulfate in Water for Injection. It
contains NLT 93.0% and NMT 107.0% of the labeled amount of atropine sulfate monohydrate
[(C17 H23 NO3 )2 ·H2 SO4 ·H2 O].
IDENTIFICATION
Delete the following:
• Thin-Layer Chromatographic Identification Test 201
Adsorbent: Chromatographic silica gel
Sample solution: Use undiluted
Application volume: 15 µL
Spray reagent: Potassium iodoplatinate TS
Developing solvent system: Chloroform and diethylamine (9:1)
Analysis: Proceed as directed in the chapter, the spots on the plate located by spraying with
Spray reagent.
Acceptance criteria: Meets the requirements 1S (USP36)
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Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
ASSAY
Change to read:
• Procedure
Acetate buffer: 0.05 M sodium acetate, each L containing 2.9 mL of glacial acetic acid
Buffer: Dissolve 4.1 g of sodium acetate and 2.9 mL of glacial acetic acid in 1 L of water.
1S (USP36)

Mobile phase: Transfer 5.1 g of tetrabutylammonium hydrogen sulfate to a 1-L volumetric
flask. Add 50 mL of acetonitrile, and dilute with Buffer to volume. Adjust with 5 N sodium
hydroxide to a pH of 5.5 ± 0.1
5.5. 1S (USP36)
System suitability solution: 2.5 µg/mL of p-hydroxybenzoic acid. Dilute one volume of this
solution with four volumes of the Standard solution.
0.5 µg/mL of p-hydroxybenzoic acid and 64 µg/mL of USP Atropine Sulfate RS in water
1S (USP36)

Standard solution: 80 µg/mL of USP Atropine Sulfate RS
Sample solution: Nominally equivalent to 80 µg/mL of atropine sulfate in water, from a
volume of the Injection containing an amount equivalent to 2 mg of atropine sulfate
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 30-cm × 3.9-mm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times of atropine and p-hydroxybenzoic acid are 1.0 and 1.6,
respectively. ]
Suitability requirements
Resolution: NLT 2.2 between p-hydroxybenzoic acid and atropine, System suitability
solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of atropine sulfate monohydrate
[(C17 H23 NO3 )2 ·H2 SO4 ·H2 O] in the portion of the Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
CS= concentration of USP Atropine Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of atropine sulfate in the Sample solution (mg/mL)
Mr1
= molecular weight of atropine sulfate monohydrate, 694.85
Mr2
= molecular weight of anhydrous atropine sulfate, 676.83
Acceptance criteria: 93.0%–107.0%
SPECIFIC TESTS
• pH

791 : 3.0–6.5

• Bacterial Endotoxins Test

85 : NMT 55.6 USP Endotoxin Units/mg of atropine sulfate

• Other Requirements: Meets the requirements in Injections

1

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass.
Store at controlled room temperature. 1S (USP36)
• USP Reference Standards
USP Atropine Sulfate RS
USP Endotoxin RS

11

BRIEFING
Baclofen, USP 35 page 1985. As part of the monograph modernization initiative, it is proposed to
revise the monograph as follows:
1.
Replace the non-specific titrimetric procedure in the Assay with a stability-indicating HPLC
procedure.
2.
Introduce a second Identification test based on HPLC retention time match.
3.
Replace the TLC procedure in the test for Organic Impurities with a HPLC procedure.
4.
Introduce a limit for any individual unspecified impurity based on ICH Q3A guideline.
5.
Include a storage condition in the Packaging and Storage section.
The HPLC procedure proposed for both the Assay and test for Organic Impurities is based on a
gradient HPLC procedure validated with the Atlantis dC18 brand of L1 column manufactured by
Waters Corporation. Under the proposed chromatographic conditions, baclofen elutes at about
8 min, and baclofen related compound A elutes at about 18 min.
(SM4: R. Ravichandran.)
Correspondence Number—C88970

Comment deadline: May 31, 2012
Baclofen
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213.66

Butanoic acid, 4-amino-3-(4-chlorophenyl)-;
-(Aminomethyl)-p-chlorohydrocinnamic acid

[1134-47-0].

DEFINITION
Baclofen contains NLT 99.0% and NMT 101.0% of baclofen (C10 H12 ClNO2 ), calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Add the following:
• B. The retention time of the Sample solution corresponds to that of the Standard solution, as
obtained in the Assay. 1S (USP36)
ASSAY
Delete the following:
• Procedure
Sample solution: Dissolve 200 mg of Baclofen in a suitable volume of glacial acetic acid,
sufficient to immerse the electrodes.
Analysis: Titrate the Sample solution with 0.1 N perchloric acid VS, using a calomel electrode
containing a saturated solution of lithium chloride in glacial acetic acid. Perform a blank
determination, and make any necessary correction (see Titrimetry 541 ). Each mL of 0.1
N perchloric acid is equivalent to 21.37 mg of baclofen (C10 H12 ClNO2 ).
Acceptance criteria: 99.0%–101.0% on the anhydrous basis 1S (USP36)
Add the following:
• Procedure
Solution A: Dissolve 1.38 g of potassium dihydrogen phosphate and 1.74 g of sodium-1pentanesulfonate in 1 L of water. Adjust with dilute phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile and methanol (1:1)
Diluent: Solution A and Solution B (65:35)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
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0
65
35
5
65
35
15
45
55
25
45
55
27
65
35
30
65
35
Standard solution: 0.2 mg/mL of USP Baclofen RS in Diluent
Sample solution: 0.2 mg/mL of Baclofen in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 250-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of baclofen (C10 H12 ClNO2 ) in the portion of the Baclofen taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=
S concentration of USP Baclofen RS in the Standard solution (mg/mL)
C=
U concentration of Baclofen in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis 1S (USP36)
IMPURITIES
• Residue on Ignition 281 : NMT 0.3%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities
[Note—Avoid contact with o-tolidine when performing this test, and conduct the test in a wellventilated hood. ]
Diluent: Alcohol and glacial acetic acid (4:1)
Standard stock solution: 0.1 mg/mL of USP Baclofen RS in Diluent
Standard solution A: 0.05 mg/mL of USP Baclofen RS in Diluent, from the Standard stock
solution
Standard solution B: 0.03 mg/mL of USP Baclofen RS in Diluent, from the Standard stock
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solution
Identification solution: 0.1 mg/mL USP Baclofen Related Compound A RS in Diluent
Sample solution: 10 mg/mL of Baclofen in Diluent
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (4:1:1)
Spray reagent: Dissolve 200 mg of o-tolidine in 2 mL of glacial acetic acid with the aid of
a hot water bath. Dilute to 100 mL with water. Mix equal volumes of o-tolidine solution
and 0.83% potassium iodide solution .
Analysis
Samples: Standard solution A, Standard solution B, Identification solution, and Sample
solution
Apply the Samples to the chromatographic plate. Place the plate in a chromatographic
chamber containing the Developing solvent system. Wait until the solvent front has
moved three-fourths the length of the plate. Remove the plate from the chromatographic
chamber, and dry under a current of warm air. Transfer the dry plate to another
chromatographic chamber containing a beaker with 1 g of potassium permanganate. Add
10 mL of 40% hydrochloric acid to the beaker. Cover the chamber, and allow the chamber
to become saturated with chlorine gas. Expose the plate to the chlorine gas for 8 min.
Remove the plate, and expose to the air for 2 min, then spray with freshly prepared Spray
reagent.
Acceptance criteria: The intensity of the secondary spot from the Sample solution,
corresponding in RF value to the principal spot from the Identification solution, is NMT that
of the principal spot from the Identification solution (1.0%), and no other secondary spot
from the Sample solution is greater in intensity than the principal spot from Standard
solution A (0.5%). The sum of all secondary spots from the Sample solution is NMT 2.0%.
Solution A, Solution B, Diluent, Mobile phase, and Chromatographic system: Proceed
as directed in the Assay.
Standard solution: 1.5 µg/mL of USP Baclofen RS and 3.0 µg/mL of USP Baclofen Related
Compound A RS in Diluent
Sample solution: 0.3 mg/mL of Baclofen in Diluent
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times. ]
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0% for both baclofen and baclofen related
compound A
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of baclofen related compound A in the portion of the Baclofen
taken:
Result = (rU/rS) × (CS/CU) × 100
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r=
U peak response of baclofen related compound A from the Sample solution
r=
S peak response of baclofen related compound A from the Standard solution
C=
S concentration of USP Baclofen Related Compound A RS in the Standard solution
(mg/mL)
C=
U concentration of Baclofen in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of the Baclofen
taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response of any unspecified impurity from the Sample solution
r=
S peak response of baclofen from the Standard solution
C=
S concentration of USP Baclofen RS in the Standard solution (mg/mL)
C=
U concentration of Baclofen in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Baclofen
1.0
—
Baclofen related compound A
2.3
1.0
Any individual unspecified impurity
—
0.10
Total impurities
—
2.0
1S (USP36)

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 3.0%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at room temperature. 1S (USP36)
• USP Reference Standards 11
USP Baclofen RS
USP Baclofen Related Compound A RS
BRIEFING
Baclofen Tablets, USP 35 page 2301. This monograph contains two Identification tests, one TLC
and one HPLC, which are not orthogonal. As a part of the modernization initiative, it is
proposed delete the redundant TLC-based Identification test A from the monograph, as the
monograph already contains an Identification test based on HPLC retention time match.
Consequently, Identification test B is renamed Identification test A. In addition, an equation to
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calculate the percentage of the Tablets dissolved in the Dissolution test is introduced. Finally,
a storage condition is added to the Packaging and Storage section based on available data.
(SM4: R. Ravichandran.)
Correspondence Number—C111249

Comment deadline: May 31, 2012
Baclofen Tablets
DEFINITION
Baclofen Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of baclofen
(C10 H12 ClNO2 ).
IDENTIFICATION
Delete the following:
• A.
Standard solution: 5 mg/mL of USP Baclofen RS in dehydrated alcohol and glacial acetic acid
(4:1)
Sample solution: Equivalent to 5 mg/mL of baclofen from powdered Tablets in dehydrated
alcohol and glacial acetic acid (4:1). [Note—Shake for 30 min and centrifuge. ]
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (4:1:1)
Spray reagent: 0.4 g of ninhydrin in 95 mL of butyl alcohol mixed with 5 mL of dilute glacial
acetic acid (1 in 10)
Analysis: Develop the chromatogram until the solvent front has moved about three-fourths
the length of the plate. Remove the plate from the developing chamber, and dry under a
current of warm air. Spray the plate with the Spray reagent until the plate is slightly wet.
Place the plate in an oven maintained at 100 for 10 min.
Acceptance criteria: The RF value of the principal orange-red spot of the Sample solution
corresponds to that of the Standard solution. 1S (USP36)
Change to read:
• B.
A. 1S (USP36)
The retention time of the Sample solution corresponds to that of the Standard solution, as
obtained in the Assay.
ASSAY
Change to read:
• Procedure
Diluent: Methanol, water, and glacial acetic acid (30:66:4)
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Mobile phase: Methanol, 0.3 N acetic acid, and 0.36 N sodium 1-pentanesulfonate (44:55:2)
Standard solution: 4 mg/mL of USP Baclofen RS in Diluent
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer an amount equivalent to
40 mg to a 50-mL flask. Add 10.0 mL of Diluent to the flask. Sonicate to disperse, and shake
by mechanical means for 30 min. Centrifuge a portion of this solution for 5 min, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 3.9-mm × 30-cm;
10-µm 1S (USP36)
packing L1
Flow rate: 0.6 mL/min
Injection volume: 10 µL
Run time: NLT 3 times the retention time of baclofen
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of labeled amount of baclofen (C10 H12 ClNO2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=
S concentration of USP Baclofen RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution, Procedure for a Pooled Sample 711
Medium: 0.01 N hydrochloric acid; 500 mL for Tablets containing NMT 10 mg of Baclofen;
1000 mL for Tablets containing more than 10 mg of Baclofen
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: Proceed as directed in the Assay.
Standard solution: USP Baclofen RS in Medium
Sample solution: Sample per Dissolution
Chromatographic system
(See Chromatography
Mode: LC

711 .

621 , System Suitability.)
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Detector: UV 265 nm
Column: 3.9-mm × 30-cm;
10-µm 1S (USP36)
packing L1
Flow rate: 0.6 mL/min
Injection volume: 190 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of labeled amount of baclofen (C10 H12 ClNO2 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=
S concentration of USP Baclofen RS in the Standard solution (mg/mL)
V= volume of Medium; 500 or 1000 mL
L= label claim (mg/Tablet) 1S (USP36)
Tolerances: NLT 75% (Q) of the labeled amount of baclofen (C10 H12 ClNO2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Diluent, Mobile phase, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Standard stock solution: 1 mg/mL of USP Baclofen Related Compound A RS in methanol
Standard solution: 0.16 mg/mL of USP Baclofen Related Compound A in Diluent from the
Standard stock solution
Analysis
[
Note—The elution order is baclofen followed by baclofen related compound A. ] 1S (USP36)
Samples: Sample solution and Standard solution
Calculate the percentage of baclofen related compound A in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
r=
U peak area response from the Sample solution
r=
S peak area response from the Standard solution
C=
S concentration of USP Baclofen Related Compound A RS in the Standard solution (mg/mL)
C=
U nominal concentration of baclofen in the Sample solution (mg/mL)
Acceptance criteria: NMT 4.0%
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at controlled room temperature. 1S (USP36)
• USP Reference Standards 11
USP Baclofen RS
USP Baclofen Related Compound A RS
4-(4-Chlorophenyl)-2-pyrrolidinone.
C10 H10 ClNO
195.65
BRIEFING
Benzoyl Peroxide Lotion, USP 34 page 2014. As part of monograph modernization, it is proposed
to delete the TLC procedure from the Identification test because there is already an HPLC
procedure for this purpose. An additional orthogonal test to HPLC is desired for identification.
Stakeholders are encouraged to provide such test with supporting validation data for further
modernization revision in the future. The monograph was also reformatted to be consistent
with the USP monograph redesign.
(SM1: B. Davani.)
Correspondence Number—C109921

Comment deadline: May 31, 2012
Benzoyl Peroxide Lotion
DEFINITION
Benzoyl Peroxide Lotion is benzoyl peroxide in a suitable lotion base. It contains NLT 90.0% and
NMT 110.0% of the labeled amount of benzoyl peroxide (C14 H10 O4 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 201
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Standard solution: 10 mg/mL of Hydrous Benzoyl Peroxide, previously subjected to the Assay,
in methanol
Sample solution: Equivalent to 10 mg/mL of benzoyl peroxide from Lotion in acetone
Application volume: 5 µL
Developing solvent system: Toluene, dichloromethane, and glacial acetic acid (50:2:1)
Analysis
Samples: Standard solution and Sample solution
Place the plate in a developing chamber containing and equilibrated with Developing solvent
system. Develop the chromatogram until the solvent front has moved three-fourths of the
length of the plate. Remove the plate, and allow the solvent to evaporate. Observe the
plate under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot from the solution under test

PF 38(2): Mar.-Apr. 2012

181

corresponds to that from the Standard solution.

1S (USP36)

Change to read:
• B
A. 1S (USP36)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile in water (5 in 10)
Internal standard solution: 3.6 mg/mL of ethyl benzoate in acetonitrile
Standard stock solution: Transfer a suitable quantity of benzoyl peroxide, recently
subjected to the Assay under Hydrous Benzoyl Peroxide, in a weighed conical flask fitted
with a glass stopper. Weigh again to obtain the weight of the specimen, and quantitatively
dissolve in acetonitrile to obtain a solution containing 0.8 mg/mL.
Standard solution: 10 mL of Standard stock solution and 5 mL of Internal standard solution.
Dilute with acetonitrile to 25 mL.
This Standard solution contains 0.32 mg/mL of benzoyl peroxide.
Sample stock solution: Transfer the equivalent to 40 mg of benzoyl peroxide from Lotion in a
50-mL volumetric flask, and add 40 mL of acetonitrile. Shake vigorously until the material is
thoroughly dispersed. Sonicate the mixture for 5 min, dilute with acetonitrile to volume, mix,
and filter.
Sample solution: 10 mL of Sample stock solution and 5 mL of Internal standard solution.
Dilute with acetonitrile to 25 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution (three replicate injections)
[Note—The retention times for ethyl benzoate and benzoyl peroxide are 7 and 14 min,
respectively. ]
Suitability requirements
Resolution: NLT 2.0 between ethyl benzoate and benzoyl peroxide
Tailing factor: NMT 2.0 for the ethyl benzoate and benzoyl peroxide peaks
Peak response ratios: The lowest and highest peak response ratios (RS) agree within
2.0%.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of benzoyl peroxide (C14 H10 O4 ) in the
portion of Lotion taken:
Result = (RU/RS) × (CS/CU) × 100
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R=
U peak response ratio of benzoyl peroxide to ethyl benzoate from the Sample solution
RS= peak response ratio of benzoyl peroxide to ethyl benzoate from the Standard solution
C=
S concentration of benzoyl peroxide in the Standard solution (mg/mL)
C=
U nominal concentration of benzoyl peroxide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
• Procedure
Solution A: Acetonitrile and glacial acetic acid (1000:1)
Solution B: Glacial acetic acid and water (1:1000)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
18
82
20
60
40
30
60
40
System suitability solution: 100 µg/mL of benzoic acid and 60 µg/mL of methylparaben in
acetonitrile
Standard solution A: 500 µg/mL of benzoic acid in acetonitrile
Standard solution B: 20 µg/mL of ethyl benzoate in acetonitrile
Standard solution C: 20 µg/mL of benzaldehyde in acetonitrile
Standard solution D: Prepare a solution of hydrous benzoyl peroxide, previously subjected
to the Assay under Hydrous Benzoyl Peroxide, in acetonitrile containing the equivalent of 40
µg/mL of anhydrous benzoyl peroxide.
Sample solution: Equivalent to 100 mg of benzoyl peroxide from Lotion. In a 50-mL
volumetric flask add 25 mL of acetonitrile, and shake vigorously to disperse the specimen.
Sonicate for 5 min, dilute with acetonitrile to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between benzoic acid and methylparaben
Tailing factor: NMT 2.0 for the benzoic acid and methylparaben peaks
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The responses of any peaks from the Sample solution corresponding to
benzoic acid, ethyl benzoate, and benzaldehyde are NMT those of the main peaks from
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Standard solution A (25%), Standard solution B (1%), and Standard solution C (1%),
respectively. The response of any other impurity peak from the Sample solution, other than
the main benzoyl peroxide peak, any benzoic acid, ethyl benzoate, benzaldehyde,
methylparaben, or propylparaben peak, and any solvent peak, is NMT that from Standard
solution D (2%); and the sum of the responses of all the impurity peaks, other than those
of benzoic acid, ethyl benzoate, and benzaldehyde, is NMT that from Standard solution D
(2%).
SPECIFIC TESTS
• pH

791 : 2.8–6.6

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
BRIEFING
Cefprozil, USP 35 page 2569. The following revisions, based on comments received and on
validated procedures, are proposed as part of USP's monograph modernization initiative. The
proposed revisions are as follows:
1.
Identification test A (Infrared Absorption) is revised to replace USP Cefprozil (Z)-Isomer
RS with USP Cefprozil RS as the standard for the test. The latter is more suitable for its
intended purpose because it contains the Z- and E-isomers of cefprozil in the same
ratio as in the sample and hence has a comparable spectrum.
2.
The Assay is revised to delete the criterion for column efficiency. The remaining criteria
are adequate to evaluate system suitability. The tailing factor is revised to be
consistent with general chapter 621 . The note about adjustment of the Mobile
phase to improve resolution is deleted because this information is not required in
individual monographs. This is commonly available knowledge and does not add value to
the monograph. It is being deleted for consistency with current USP style. The
definitions for the Tailing factor calculation are updated for clarity.
3.
The flexible monograph approach is used to allow manufacturers to perform either
Procedure 1 or Procedure 2 in the test for Organic Impurities, based on their labeling
instructions and impurity profile. A labeling statement is added to support this change.
4.
A test for Organic Impurities, Procedure 1 is added. The procedure is similar to the
Related Substances test in the EP monograph for Cefprozil Monohydrate. The HPLC
procedure was validated using a YMC Hydrosphere brand of L1 column. The typical
retention time for the cefprozil Z-isomer is about 7 min.
5.
A test for Organic Impurities, Procedure 2 is added. The HPLC procedure was validated
using an Inertsil ODS-3V brand of L1 column. The typical retention time for the cefprozil
Z-isomer is about 16 min.
6.
The test for the Cefprozil (E)-Isomer Ratio is updated to provide clarity.
7.
The monograph is redesigned per current USP style.
8.
The USP Reference Standards section is revised to include additional reference materials
that are used in Identification test A and in the test for Organic Impurities.
(SM1: A. Wise.)
Correspondence Number—C97835; C103379; C106311
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Comment deadline: May 31, 2012
Cefprozil

C18 H19 N3 O5 S·H2 O

407.44

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[[amino(4hydroxyphenyl)acetyl]amino]-8-oxo-3-(1-propenyl)-, monohydrate, [6R-[6 , 7 (R*)]]-;
(6R,7R)-7-[(R)-2-Amino-2-(p-hydroxyphenyl)acetamido]-8-oxo-3-propenyl-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid monohydrate
[121123-17-9].
Anhydrous
389.43
[92665-29-7].
DEFINITION
Cefprozil contains NLT 900 µg/mg and NMT 1050 µg/mg of cefprozil (C18 H19 N3 O5 S), calculated on
the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197K
Standard: USP Cefprozil (Z)-Isomer RS
USP Cefprozil RS 1S (USP36)
• B. The retention times of the cefprozil (Z)-isomer and cefprozil (E)-isomer peaks from the
Sample solution correspond to those of the Standard solutions, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 11.5 g/L of monobasic ammonium phosphate in water. Adjust, if necessary, with
phosphoric acid to a pH of 4.4.
Mobile phase: Acetonitrile and Buffer (100:900) Decreasing the proportion of acetonitrile
increases retention times and improves the separation of the cefprozil isomer peaks.
1S (USP36)

Standard solution 1: 0.25 mg/mL of USP Cefprozil (Z)-Isomer RS in water. Use this solution
within 6 h.
Standard solution 2: 0.025 mg/mL of USP Cefprozil (E)-Isomer RS in water. Use this solution
within 6 h.
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System suitability solution: 0.125 mg/mL each of USP Cefprozil (Z)-Isomer RS and USP
Cefprozil (E)-Isomer RS in water. Use this solution within 6 h.
Sample solution: 0.3 mg/mL of Cefprozil in water. Shake to dissolve. Use this solution within
6 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution 1
[Note—The relative retention times for cefprozil (Z)-isomer and cefprozil (E)-isomer are
about 0.7 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 2.5 between cefprozil (Z)-isomer and cefprozil (E)-isomer, System
suitability solution
Column efficiency: NLT 2500 theoretical plates, cefprozil (Z)-isomer, Standard solution 1
Calculate the number of theoretical plates as follows:
Result = 5.545(t r/Wh/2 )2
1S (USP36)

Tailing factor: 0.9–1.1, Standard solution 1
Calculate the tailing factor as follows:
Result = W0.1/2f
W0.1
= width of the peak at 10% height
f = distance from the peak maximum to the leading edge of the peak measured at 10%
of the peak height
1S (USP36)

Relative standard deviation: NMT 2.0%, Standard solution 1
Analysis
Samples: Standard solution 1, Standard solution 2, and Sample solution
Calculate the amount (µg) of cefprozil (Z)-isomer (C18 H19 N3 O5 S) in each mg of Cefprozil
taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response of cefprozil (Z)-isomer from the Sample solution
rS= peak response of cefprozil (Z)-isomer from Standard solution 1
C=
S concentration of USP Cefprozil (Z)-isomer RS in Standard solution 1 (mg/mL)
C=
U concentration of Cefprozil in the Sample solution (mg/mL)
P= potency of USP Cefprozil (Z)-isomer RS (µg/mg)
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Calculate the amount (µg) of cefprozil (E)-isomer (C18 H19 N3 O5 S) in each mg of Cefprozil
taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response of cefprozil (E)-isomer from the Sample solution
rS= peak response of cefprozil (E)-isomer from Standard solution 2
C=
S concentration of USP Cefprozil (E)-isomer RS in Standard solution 2 (mg/mL)
C=
U concentration of Cefprozil in the Sample solution (mg/mL)
P= potency of USP Cefprozil (E)-isomer RS (µg/mg)
Calculate the quantity, in µg, of cefprozil (C18 H19 N3 O5 S) in each mg of the Cefprozil taken
by adding the values, in µg/mg, of the cefprozil (Z)-isomer and the cefprozil (E)-isomer.
Acceptance criteria: 900–1050 µg/mg on the anhydrous basis
IMPURITIES
Add the following:
• Organic Impurities, Procedure 1
Use Organic Impurities, Procedure 1 when the impurity profile includes Z-cefprozil open ring,
E-cefprozil open ring, and cefprozil related compound K.
Solution A: 11.5 g/L of monobasic ammonium phosphate in water. Adjust, if necessary, with
phosphoric acid or ammonium hydroxide to a pH of 4.4.
Solution B: Acetonitrile and Solution A (1:1)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
81
19
8
81
19
20
36
64
25
36
64
27
81
19
30
81
19
[Note—These gradient elution times are established on an HPLC system with a dwell volume of
approximately 1.3 mL. The gradient elution times in the table can be adjusted as necessary
to achieve the separation described. ]
Standard stock solution: 0.25 mg/mL each of USP Cefprozil (Z)-Isomer RS, USP Amoxicillin
Related Compound I RS, and USP Cefprozil Related Compound D RS in a mixture of 1 M
hydrochloric acid and Solution A. Prepare the solution as follows. Dissolve USP Amoxicillin
Related Compound I RS, USP Cefprozil (Z)-Isomer RS, and USP Cefprozil Related Compound D
RS in 1 M hydrochloric acid, using 20% of the final volume. Dilute with Solution A to volume.
Sensitivity solution: 2.5 µg/mL each of cefprozil (Z)-isomer, amoxicillin related compound I,
and cefprozil related compound D in Solution A from Standard stock solution. Store the
solution at 4 , and use within 8 h.
Standard solution: 50 µg/mL each of cefprozil (Z)-isomer, amoxicillin related compound I,
and cefprozil related compound D in Solution A from the Standard stock solution. Store the
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solution at 4 , and use within 12 h.
Sample solution: 5 mg/mL of Cefprozil in a mixture of 1 M hydrochloric acid and Solution A,
prepared as follows. Dissolve the Cefprozil first in 1 M hydrochloric acid using 4% of the final
volume, and then dilute with Solution A to volume. Store the solution at 4 , and use within 3
h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Autosampler temperature: 4
Injection volume: 10 µL
System suitability
Samples: Standard solution and Sensitivity solution
USP Cefprozil Related Compound D RS contains the (Z)- and (E)-isomers of cefprozil
related compound D. See Table 2 for relative retention times.
Suitability requirements
Resolution: NLT 1.4 between the (E)-isomer of cefprozil related compound D and cefprozil
(Z)-isomer, Standard solution
Relative standard deviation: NMT 10.0% for cefprozil, amoxicillin related compound I,
and each isomer of cefprozil related compound D; Standard solution
Signal-to-noise ratio: NLT 10 for cefprozil, amoxicillin related compound I, and each isomer
of cefprozil related compound D; Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of amoxicillin related compound I in the portion of Cefprozil
taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of amoxicillin related compound I from the Sample solution
rS= peak response of amoxicillin related compound I from the Standard solution
C=
S concentration of USP Amoxicillin Related Compound I RS in the Standard solution
(mg/mL)
C=
U concentration of Cefprozil in the Sample solution (mg/mL)
P= potency of amoxicillin related compound I in USP Amoxicillin Related Compound I RS
(mg/mg)
Calculate the percentage of cefprozil related compound D in the portion of Cefprozil taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= sum of the responses for cefprozil related compound D (Z)-isomer and cefprozil related
compound D (E)-isomer from the Sample solution
rS= peak response of cefprozil related compound D (Z)-isomer from the Standard solution
C=
S concentration of USP Cefprozil Related Compound D RS in the Standard solution (mg/mL)
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C=
U concentration of Cefprozil in the Sample solution (mg/mL)
P= potency of cefprozil related compound D (Z)-isomer in USP Cefprozil Related Compound D
RS (mg/mg)
Calculate the percentage of each of the other impurities in the portion of Cefprozil taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of cefprozil from the Standard solution
C=
S concentration of USP Cefprozil (Z)-Isomer RS in the Standard solution (mg/mL)
C=
U concentration of Cefprozil in the Sample solution (mg/mL)
P= potency of USP Cefprozil (Z)-Isomer RS (mg/mg)
Acceptance criteria: See Table 2. The reporting threshold is 0.05%.
Table 2

Name
Amoxicillin related compound Ia
Cefadroxil
Hydroxyphenyldiketopiperazineb
Cefprozil related compound D (Z)-isomerc,d
Cefprozil related compound D (E)-isomere
O-Acyl cefprozilf
Cefprozil (Z)-isomer
Cefprozil (E)-isomer
Z-Cefprozil open ringg
Cefprozil related compound H (Z)-isomerh,i
Cefprozil related compound H (E)-isomerj
E-Cefprozil open ringk

Cefprozil related compound Kl,m
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.40
0.54
0.61
0.69
0.91
0.76
1.0
1.37
1.74
1.95
2.19
2.08
2.76
2.86
2.91
3.01
—
—

Acceptance
Criteria,
NMT (%)
0.3
0.5
0.3
0.3
0.2
—
—
0.2
0.2
0.2
0.1
0.1
0.1
0.1
0.1
2.0
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a (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
b 3-(Aminomethylene)-6-(4-hydroxyphenyl)piperazine-2,5-dione.
c 7-Amino-3-propenylcephalosporanic acid (Z-isomer); (6R,7R)-7-Amino-8-oxo-3-[(Z)-prop1-enyl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d The sum of the two isomers is reported. The limit for the sum is 0.3%.
e 7-Amino-3-propenylcephalosporanic acid (E-isomer); (6R,7R)-7-Amino-8-oxo-3-[(E)-prop1-enyl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f (6R,7R)-7-[(R)-2-Amino-2-{4-[(R)-2-amino-2-(4hydroxyphenyl)acetoxy]phenyl}acetamido]-8-oxo-3-[(Z)-prop-1-enyl]-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
g (R)-2-{(R)-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5-[(E)-prop-1enyl]-3,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
h N-Acyl cefprozil (Z-isomer); (6R,7R)-7-{(R)-2-[(R)-2-Amino-2-(4hydroxyphenyl)acetamido]-2-(4-hydroxyphenyl)acetamido}-8-oxo-3-[(Z)-prop-1-enyl]-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
i The sum of the two isomers is reported. The limit for the sum is 0.2%.
j N-Acyl cefprozil (E-isomer); (6R,7R)-7-{(R)-2-[(R)-2-Amino-2-(4hydroxyphenyl)acetamido]-2-(4-hydroxyphenyl)acetamido}-8-oxo-3-[(E)-prop-1-enyl]-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
k (R)-2-{(R)-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido](carboxy)methyl}-5-[(Z)-prop-1enyl]-3,6-dihydro-2H-1,3-thiazine-4-carboxylic acid.
l Hydroxyphenyldiketopiperazine lactone; 3-(5-Ethyl-7-oxo-2,4,5,7-tetrahydro-1Hfuro[3,4-d][1,3]thiazin-2-yl)-6-(4-hydroxyphenyl)piperazine-2,5-dione.
m The system resolves four isomers of cefprozil related compound K.

1S (USP36)

Add the following:
• Organic Impurities, Procedure 2
Use Organic Impurities, Procedure 2 when the impurity profile includes ethoxycarbonyl
cefprozil, methoxycefadroxil, cefprozil delta-3 isomer, cefprozil amide, and cefprozil dimer.
Solution A: 4 g/L of monobasic sodium phosphate adjusted with dilute phosphoric acid (1 in
10) to a pH of 4.2 ± 0.05
Solution B: Acetonitrile and Solution A (1:1)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
20
70
30
40
40
60
50
0
100
60
0
100
62
95
5
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70
95
5
Diluent: 0.85 g/L of monobasic potassium phosphate and 1.16 g/L of anhydrous dibasic
sodium phosphate in water
System suitability stock solution: 0.15 mg/mL of USP Cefadroxil RS and 0.75 mg/mL of USP
Cefprozil Related Compound D RS, prepared as follows. Dissolve USP Cefadroxil RS in Solution
A, using 20% of the final volume. Add USP Cefprozil Related Compound D RS, mix, and dilute
with Diluent to volume.
System suitability solution: 15 µg/mL of USP Cefadroxil RS and 75 µg/mL of USP Cefprozil
Related Compound D RS from the System suitability stock solution and 1.5 mg/mL of USP
Cefprozil RS in Solution A.
Standard solution: 15 µg/mL of USP Cefprozil RS in Solution A
Sample solution: 1.5 mg/mL of Cefprozil in Solution A. Refrigerate the solution, and use
within 1 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: NMT 30
Flow rate: 1 mL/min
Injection volume: 20 µL
Autosampler temperature: 4
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between the (Z)-isomer of cefprozil related compound D and
cefadroxil; NLT 1.5 between cefadroxil and the (E)-isomer of cefprozil related compound
D, System suitability solution
Relative standard deviation: NMT 5.0% for the sum of the cefprozil (Z)-isomer and
cefprozil (E)-isomer, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Cefprozil taken:
Result = (rU/rS) × (CS/CU) × P × 1/F × 100
rU= peak response of each impurity from the Sample solution
rS= sum of the responses for cefprozil (Z)-isomer and cefprozil (E)-isomer from the Standard
solution
C=
S concentration of USP Cefprozil RS in the Standard solution (mg/mL)
C=
U concentration of Cefprozil in the Sample solution (mg/mL)
P= potency of USP Cefprozil RS (mg/mg)
F= relative response factor (see Table 4)
Acceptance criteria: See Table 4. The reporting threshold is 0.05%.
Table 4
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Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Amoxicillin related compound Ia
0.17
1.5
0.15
b
Cefprozil related compound D (Z)-isomer
0.57
0.56
0.2
Cefadroxil
0.62
1.1
1.0
Methoxycefadroxilc
0.65
0.44
0.15
d
Cefprozil related compound D (E)-isomer
0.73
0.56
0.2
e
Cefprozil delta-3 isomer
0.92
0.95
0.2
Cefprozil (Z)-isomer
1.0
—
—
Cefprozil (E)-isomer
1.17
—
—
Cefprozil related compound Hf
1.33
0.93
0.15
Cefprozil amideg
1.46
0.90
0.15
h
Ethoxycarbonylcefprozil
2.08
0.70
0.15
i
Cefprozil dimer
2.21
0.90
0.15
Any individual unspecified impurity
—
1.0
0.2
Total impurities
—
—
1.5
a (R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
b 7-Amino-3-propenylcephalosporanic acid (Z-isomer); (6R,7R)-7-Amino-8-oxo-3-[(Z)-prop1-enyl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
c (6R,7R)-7-[(R)-2-amino-2-(4-hydroxyphenyl)acetamido]-3-(methoxymethyl)-8-oxo-5-thia1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
d 7-Amino-3-propenylcephalosporanic acid (E-isomer); (6R,7R)-7-Amino-8-oxo-3-[(E)-prop1-enyl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e (6R,7R)-7-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-8-oxo-3-[(Z)-prop-1-en-1-yl]-5thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
f N-Acyl cefprozil (Z-isomer); (6R,7R)-7-{(R)-2-[(R)-2-Amino-2-(4hydroxyphenyl)acetamido]-2-(4-hydroxyphenyl)acetamido}-8-oxo-3-[(Z)-prop-1-enyl]-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
g (R)-2-{(6R,7R)-7-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-8-oxo-3-[(Z)-prop-1-en1-yl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxamido}-2-(4-hydroxyphenyl)acetic
acid.
h (6R,7R)-7-{(R)-2-Amino-2-[4-(ethoxycarbonyloxy)phenyl]acetamido}-8-oxo-3-[(Z)-prop1-en-1-yl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
i (6R,7R)-7-[(R)-2-{(6R,7R)-7-[(R)-2-Amino-2-(4-hydroxyphenyl)acetamido]-8-oxo-3-[(Z)prop-1-en-1-yl]-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxamido}-2-(4hydroxyphenyl)acetamido]-8-oxo-3-[(Z)-prop-1-en-1-yl]-5-thia-1-azabicyclo[4.2.0]oct-2ene-2-carboxylic acid.
1S (USP36)

SPECIFIC TESTS
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 5 mg/mL in water
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Acceptance criteria: 3.5–6.5
• Water Determination, Method I 921 : 3.5%–6.5%
• Cefprozil (E)-Isomer Ratio
Buffer, Mobile phase, Standard solution 1, Standard solution 2, System suitability
solution, Sample solution, Chromatographic system, and System suitability: Proceed
as directed in the Assay.
Analysis
Samples: Standard solution 1, Standard solution 2, and Sample solution
Calculate the ratio of the cefprozil (E)-isomer to total cefprozil in the portion of Cefprozil
taken:
Result = E/(E + Z)
E= amount of cefprozil (E)-isomer as determined in the Assay (µg/mg)
Z= amount of cefprozil (Z)-isomer as determined in the Assay (µg/mg)
Acceptance criteria: The ratio is 0.06–0.11.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, then the labeling
states with which Organic Impurities test the article complies.
Change to read:
• USP Reference Standards 11
USP Amoxicillin Related Compound I RS
(R)-2-Amino-2-(4-hydroxyphenyl)acetic acid.
C8 H9 NO3
167.16 1S (USP36)
USP Cefadroxil RS
USP Cefprozil RS
1S (USP36)

USP Cefprozil (E)-Isomer RS
USP Cefprozil (Z)-Isomer RS
USP Cefprozil Related Compound D RS
7-Amino-3-propenylcephalosporanic acid; (6R,7R)-7-Amino-8-oxo-3-[(Z)-prop-1-enyl]-5-thia1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
C10 H12 N2 O3 S
240.28 1S (USP36)
BRIEFING
Clotrimazole Lozenges, USP 35 page 2743. As a part of monograph modernization, it is proposed
to delete the TLC based Identification test B that uses a toxic heavy metal (bismuth) because
this test is not an orthogonal test to the more specific, stability-indicating HPLC procedure of
Identification test A. Editorial changes have also been made to reformat the monograph to the
redesign style.
(SM1: B. Davani.)

PF 38(2): Mar.-Apr. 2012

193

Correspondence Number—C109132

Comment deadline: May 31, 2012
Clotrimazole Lozenges
DEFINITION
Clotrimazole Lozenges contain NLT 90.0% and NMT 110.0% of the labeled amount of clotrimazole
(C22 H17 ClN2 ) in a suitable molded base.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, both relative to the internal standard, as obtained in the Assay.
Delete the following:
• B. Thin-Layer Chromatography
Solution A: Dissolve 3 g of bismuth subnitrate and 30 g of potassium iodide in 10 mL of dilute
hydrochloric acid (1 in 4), and dilute with water to 100 mL.
Standard solution: 2.5 mg/mL of USP Clotrimazole RS in dichloromethane
Sample solution: Place an equivalent to 50 mg of clotrimazole, from a quantity of finely
powdered Lozenges, into a screw-capped 50-mL test tube, and add 20.0 mL of
dichloromethane. Shake by mechanical means for 10 min, and allow the suspension to settle.
Use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Diethyl ether and ammonium hydroxide (8:1)
Spray reagent: Dilute 10 mL of Solution A and 10 mL of dilute hydrochloric acid (1 in 4) with
water to 100 mL.
Analysis
Samples: Standard solution and Sample solution
Position the plate in a chromatographic chamber, and develop the chromatograms in the
Developing solvent system until the solvent front has moved three-fourths of the length of
the plate. Remove the plate from the developing chamber, mark the solvent front, and allow
the solvent to evaporate. Examine the plate under short-wavelength UV light, and then
spray with the Spray reagent.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds to
that of the Standard solution, and after the plates have been sprayed with the Spray
reagent, the clotrimazole spots are orange. 1S (USP36)
ASSAY
• Procedure
Buffer: 1 g/L of ammonium carbonate in water. Adjust with 10% sulfuric acid solution to a pH
of 6.0.
Mobile phase: Methanol and Buffer (75:25)
Internal standard stock solution: 5 mg/mL of triphenylmethane in methanol
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Internal standard solution: 0.2 mg/mL of triphenylmethane in Mobile phase from Internal
standard stock solution
Standard solution: 0.2 mg/mL USP Clotrimazole RS prepared as follows. Transfer about 20 mg
of USP Clotrimazole RS to a 100-mL volumetric flask. Add 4.0 mL of Internal standard stock
solution, and dissolve in and dilute with Mobile phase to volume.
Sample solution: Nominally 0.1 mg/mL of clotrimazole prepared as follows. Transfer an
equivalent to 5 mg of clotrimazole, from weighed and pulverized Lozenges (NLT 10), to a 50mL screw-capped centrifuge tube. Pipet 25 mL of Internal standard solution into the tube.
Sonicate for 10 min, then shake for 10 min. Centrifuge at 2500 rpm for 30 min. Use the clear
supernatant layer.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for clotrimazole and triphenylmethane are about 1.0 and
1.4, respectively. ]
Suitability requirements
Resolution: NLT 1.5 between clotrimazole and triphenylmethane
Column efficiency: NLT 1500 theoretical plates
Tailing factor: NMT 2
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the portion
of Lozenges taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of clotrimazole to triphenylmethane from the Sample solution
RS= peak response ratio of clotrimazole to triphenylmethane from the Standard solution
C=
S concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 500 mL, deaerated
Apparatus 2: 50 rpm
Time: 45 min
Determine the amount of clotrimazole (C22 H17 ClN2 ) dissolved by using the following method.
Buffer A: 4.4 mg/mL of dibasic potassium phosphate in water
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Buffer B: 17.4 mg/mL of dibasic potassium phosphate in water
Diluent: Methanol and Buffer B (60:40)
Mobile phase: Methanol and Buffer A (4:1)
Standard stock solution: 0.02 mg/mL of USP Clotrimazole RS in Medium
Standard solution: 4 µg/mL from the Standard stock solution in Diluent
Sample solution: Withdraw 25 mL of the solution under test from the vessel. Pass through a
polyvinylidene difluoride filter of 0.45-µm pore size, and discard the first 10 mL of the filtrate.
Transfer 5.0 mL of filtrate to a 25-mL volumetric flask, and dilute with Diluent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 3.9-mm × 7.5-cm; packing L1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) dissolved:
Result = (rU/rS) × (CS/L) × D × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim of clotrimazole (mg/Lozenge)
D= dilution factor for the Sample solution, 5
V= volume of Medium, 500 mL
Tolerances: NLT 80% (Q) of the labeled amount of clotrimazole (C22 H17 ClN2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Clotrimazole RS

11
BRIEFING

Clotrimazole Topical Solution, USP 35 page 2744. As a part of monograph modernization, it is
proposed to replace a TLC based Identification test using a toxic heavy metal (bismuth) with a
more specific, stability indicating HPLC procedure relative retention time agreement of the
major peak as obtained in the Assay, which is already a test in this monograph. Editorial
changes have also been made to reformat the monograph to the redesign style.
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(SM1: B. Davani.)
Correspondence Number—C109130

Comment deadline: May 31, 2012
Clotrimazole Topical Solution
DEFINITION
Clotrimazole Topical Solution is a solution of Clotrimazole in a suitable nonaqueous, hydrophilic
solvent. It contains NLT 90.0% and NMT 115.0% of the labeled amount of clotrimazole
(C22 H17 ClN2 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
Solution A: Dissolve 3 g of bismuth subnitrate and 30 g of potassium iodide in 10 mL of dilute
hydrochloric acid (1 in 4), and dilute with water to 100 mL.
Standard solution: 1 mg/mL of USP Clotrimazole RS in chloroform
Sample solution: Transfer a volume of Topical Solution, equivalent to 10 mg of clotrimazole,
to a screw-capped, 50-mL centrifuge tube. Add 5 mL of dilute ammonium hydroxide (1 in
100) and 10 mL of chloroform. Shake vigorously, and centrifuge to obtain a clear chloroform
phase.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: 200 mL of ether. Place a beaker containing 25 mL of
ammonium hydroxide. Cover the chamber, and allow to equilibrate for 2 h.
Spray reagent: Dilute 10 mL of Solution A and 5 mL of dilute hydrochloric acid (1 in 4) with
water to 200 mL.
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved three-fourths of the length of
the plate. Remove the plate from the developing chamber, mark the solvent front, and allow
the solvent to evaporate. Locate the spots on the plate by examination under shortwavelength UV light. Spray the plate evenly with the Spray reagent.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution, and the principal spots of the Sample solution and the
Standard solution are orange with Spray reagent.
The retention time of the major peak of the Sample solution corresponds to that of the Standard
solution, both relative to the internal standard, as obtained in the Assay. 1S (USP36)

ASSAY
• Procedure
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Buffer: 4.35 g/L of dibasic potassium phosphate in water
Mobile phase: Methanol and Buffer (3:1). Pass through a filter of 0.2-µm or finer pore size.
Internal standard solution: Transfer 66 mg of testosterone propionate to a 100-mL
volumetric flask, dissolve in 75 mL of methanol, and dilute with Buffer to volume.
Standard solution: 1 mg/mL of USP Clotrimazole RS prepared as follows. Transfer 50 mg of
USP Clotrimazole RS to a 50-mL volumetric flask, add 5.0 mL of the Internal standard
solution, and dilute with Mobile phase to volume.
System suitability stock solution: 0.2 mg/mL of USP Clotrimazole Related Compound A RS in
methanol
System suitability solution: Add 12.0 mL of the System suitability stock solution to a 25-mL
volumetric flask. Add 4 mL of Buffer, 3 mL of the Standard solution, and dilute with Mobile
phase to volume.
Sample solution: Nominally 1 mg/mL of clotrimazole prepared as follows. Transfer a volume of
Topical Solution, equivalent to 50 mg of clotrimazole, to a 50-mL volumetric flask. Add 5.0
mL of the Internal standard solution, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Columns
Guard: 2.1-mm × 6-cm; 10-µm packing L7
Analytical: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for clotrimazole related compound A, clotrimazole, and
testosterone propionate are 0.9, 1.0, and 1.5, respectively. ]
Suitability requirements
Resolution: NLT 1.2 between clotrimazole related compound A and clotrimazole, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the portion
of Topical Solution taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of clotrimazole to testosterone propionate from the Sample solution
R=
S peak response ratio of clotrimazole to testosterone propionate from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–115.0%
ADDITIONAL REQUIREMENTS

PF 38(2): Mar.-Apr. 2012

198

• Packaging and Storage: Preserve in tight containers at a temperature between 2 –30 .
• USP Reference Standards 11
USP Clotrimazole RS
USP Clotrimazole Related Compound A RS
(o-Chlorophenyl)diphenylmethanol.
C19 H15 ClO
294.78
BRIEFING
Clotrimazole Vaginal Inserts, USP 35 page 2744. As a part of monograph modernization, it is
proposed to replace a TLC based Identification test using a toxic heavy metal (bismuth) with a
more specific, stability indicating HPLC procedure retention time agreement for the major peak
as obtained in the Assay, which is already a test in this monograph. Editorial changes have also
been made to reformat the monograph to the redesign style.
(SM1: B. Davani.)
Correspondence Number—C109133

Comment deadline: May 31, 2012
Clotrimazole Vaginal Inserts
DEFINITION
Clotrimazole Vaginal Inserts contain NLT 90.0% and NMT 110.0% of the labeled amount of
clotrimazole (C22 H17 ClN2 ).
IDENTIFICATION
Change to read:
• A. Thin-Layer Chromatography
Solution A: Dissolve 3 g of bismuth subnitrate and 30 g of potassium iodide in 10 mL of dilute
hydrochloric acid (1 in 4), and dilute with water to 100 mL.
Standard solution: 5 mg/mL of USP Clotrimazole RS in chloroform
Sample solution: Place an equivalent to 50 mg of clotrimazole, from finely powdered Vaginal
Inserts, in a screw-capped 50-mL centrifuge tube. Add 10 mL of chloroform, and shake
vigorously for 2 min. Centrifuge to clarify. [Note—The supernatant may remain slightly
turbid. ]
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: 200 mL of ether
Place a beaker containing 25 mL of ammonium hydroxide into the chromatographic chamber.
Cover the chamber, and allow to equilibrate for 2 h.
Spray reagent: Dilute 10 mL of Solution A and 5 mL of dilute hydrochloric acid (1 in 4) with
water to 200 mL.
Analysis
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Samples: Standard solution and Sample solution
Develop the chromatogram until the solvent front has moved three-fourths of the length of
the plate. Remove the plate from the developing chamber, mark the solvent front, and allow
the solvent to evaporate. Locate the spots on the plate by examining under shortwavelength UV light. Spray the plate evenly with spray reagent.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution, and the principal spots of the Sample solution, and the
Standard solution are orange with Spray reagent.
The retention time of the major peak of the Sample solution corresponds to that of the Standard
solution, as obtained in the Assay. 1S (USP36)

ASSAY
• Procedure
Buffer: 4.35 g/L of dibasic potassium phosphate
Mobile phase: Methanol and Buffer (3:1). Pass through a filter of 0.2-µm or finer pore size.
The ratio of volumes may be changed to obtain the required resolution.
Internal standard solution: Transfer 66 mg of testosterone propionate to a 100-mL
volumetric flask, dissolve in 75 mL of methanol, and dilute with Buffer to volume.
Standard solution: 1 mg/mL of USP Clotrimazole RS prepared as follows. Transfer 50 mg of
USP Clotrimazole RS to a 50-mL volumetric flask, add 5.0 mL of the Internal standard
solution, and dilute with Mobile phase to volume.
System suitability stock solution: 0.2 mg/mL of USP Clotrimazole Related Compound A RS in
methanol
System suitability solution: Transfer 12.0 mL of the System suitability stock solution to a
25-mL volumetric flask, add 4 mL of Buffer and 3 mL of the Standard solution, and dilute with
Mobile phase to volume.
Sample solution: Nominally 1 mg/mL of clotrimazole prepared as follows. Transfer an
equivalent to 100 mg of clotrimazole from finely powdered Vaginal Inserts (NLT 10) to a 50mL screw-capped centrifuge tube. Add 10.0 mL of the Internal standard solution and 15 mL
of Mobile phase, rotate for 15 min, and centrifuge for 10 min. Using a suitable syringe,
transfer the supernatant to a 100-mL volumetric flask. Rinse the syringe with 25 mL of
Mobile phase, adding the rinsings to the centrifuge tube. Rotate the centrifuge tube for 15
min, and centrifuge for 10 min. Using a suitable syringe, transfer the supernatant to the 100mL volumetric flask. Rinse the syringe with 25 mL of Mobile phase, and add the washings to
the volumetric flask. Dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Columns
Guard: 2.1-mm × 6-cm; 10-µm packing L7
Analytical: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
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Samples: Standard solution and System suitability solution
[Note—The relative retention times for clotrimazole related compound A, clotrimazole, and
testosterone propionate are about 0.9, 1.0, and 1.5, respectively. ]
Suitability requirements
Resolution: NLT 1.2 between clotrimazole related compound A and clotrimazole, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of clotrimazole (C22 H17 ClN2 ) in the portion
of Vaginal Inserts taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of clotrimazole to testosterone propionate from the Sample solution
R=
S peak response ratio of clotrimazole to testosterone propionate from the Standard solution
C=
S concentration of USP Clotrimazole RS in the Standard solution (mg/mL)
C=
U nominal concentration of clotrimazole in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 701
Time: 20 min
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Clotrimazole RS
USP Clotrimazole Related Compound A RS
(o-Chlorophenyl)diphenylmethanol.
C19 H15 ClO
294.78
BRIEFING
Cyclizine Hydrochloride, USP 35 page 2785. As part of the USP monograph modernization effort,
the following revisions, based on the current monograph for Cyclizine Hydrochloride in the
European Pharmacopoeia, are proposed:
1.
The structure of Cyclizine Hydrochloride is added to the monograph.
2.
The nonspecific test for Ordinary Impurities is replaced with a GC procedure for Organic
Impurities.
3.
The titration procedure for the Assay is revised to eliminate the use of mercuric acetate,
which is a safety hazard.
4.
The Identification section is revised to delete the nonspecific test based on melting range
determination. The remaining Identification tests are capable of identifying the drug
substance.
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5.
Two new USP Reference Standards are added to the USP Reference Standards
section.

11

The gas chromatographic procedure for Organic Impurities is based on analyses performed with
the SE 52 or Ultra 2 brand of G27 column. The typical retention time for cyclizine is about 15
min.
(SM3: E. Gonikberg, A. Martin-Esker.)
Correspondence Number—C107337

Comment deadline: May 31, 2012
Cyclizine Hydrochloride
Change to read:

1S (USP36)

C18 H22 N2 ·HCl

302.84

Piperazine, 1-(diphenylmethyl)-4-methyl-, monohydrochloride;
1-(Diphenylmethyl)-4-methylpiperazine monohydrochloride
[303-25-3].
DEFINITION
Cyclizine Hydrochloride contains NLT 98.0% and NMT 100.5% of cyclizine hydrochloride
(C18 H22 N2 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B.
Sample: 500 mg
Analysis: Dissolve the Sample in 10 mL of a mixture of 3 volumes of alcohol and 2 volumes of
water, warming if necessary. Cool the solution in an ice bath, add 1 mL of 1 N sodium
hydroxide and 20 mL of water, stir, and filter. Wash the precipitate of the base with water,
and dry under vacuum at 60 for 2 h.
Acceptance criteria: It melts between 106 and 109 .
Change to read:
• C.
B. 1S (USP36)

1S (USP36)
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191 : Meets the requirements

ASSAY
Change to read:
• Procedure
[Note—In order to avoid overheating in the reaction medium, mix thoroughly throughout and stop
the titration immediately after the endpoint has been reached. ] 1S (USP36)
Sample: 400 mg
120 mg 1S (USP36)
Analysis: Transfer the Sample to a beaker, and dissolve it in 80 mL of glacial acetic acid. Add
10 mL of mercuric acetate TS
Dissolve the Sample in 15 mL of anhydrous formic acid. Add 40 mL of acetic anhydride,
1S (USP36)

and titrate with 0.1 N perchloric acid VS. Perform a blank determination (see Titrimetry
541 ), and make any necessary correction. Each mL of 0.1 N perchloric acid is equivalent to
15.14 mg of cyclizine hydrochloride (C18 H22 N2 ·HCl).
Acceptance criteria: 98.0%–100.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
Delete the following:
• Procedure: Ordinary Impurities 466
Standard solution and Sample solution: Methanol
Eluant: Chloroform, methanol, and ammonium hydroxide (80:20:1)
Visualization: 2 1S (USP36)
Add the following:
• Organic Impurities
[Note—Prepare solutions immediately before use. ]
Standard solution: 0.05 mg/mL of USP Cyclizine Hydrochloride RS in methanol
Impurity standard solution: 0.25 mg/mL each of USP Cyclizine Hydrochloride RS, USP
Cyclizine Related Compound A RS, and USP Benzhydrol RS in methanol
Sample solution: Prepare a solution containing 50 mg/mL of Cyclizine Hydrochloride by
dissolving a suitable amount first in methanol, using 80% of the final volume, and then
diluting with 1 N sodium hydroxide to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.33-mm x 25-m; coated with a 0.5-µm film of phase G27
Temperatures
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Injection port: 250
Detector: 290
Column: See Table 1.
Table 1
Initial
Temperature
Final
Temperature
Ramp
Temperature
( )
( /min)
( )

Hold Time at
Final Temperature
(min)
0
14

100
10
240
240
15
270
Carrier gas: Helium
Flow rate: 1 mL/min
Injection volume: 1 µL
Injection type: Split ratio, 1:25
System suitability
Sample: Impurity standard solution
Suitability requirements
Peak-to-valley ratio: NLT 50 between cyclizine related compound A and methanol
Analysis
Samples: Standard solution, Impurity standard solution, and Sample solution
Calculate the percentage of cyclizine related compound A and benzhydrol in the portion of
Cyclizine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each related compound from the Sample solution
rS= peak response of the corresponding related compound from the Impurity standard solution
C=
S concentration of the corresponding related compound in the Impurity standard solution
(mg/mL)
C=
U concentration of Cyclizine Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Cyclizine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU)× 100
rU= peak response of each impurity from the Sample solution
rS= peak response of cyclizine from the Standard solution
C=
S concentration of USP Cyclizine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Cyclizine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any peak below 0.05%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
1-Methylpiperazine (cyclizine related compound A)
0.2
0.5
Benzhydrol
0.7
0.5
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Cyclizine
Any other individual impurity
Total impurities

1.0
—
—

—
0.10
1.0

1S (USP36)

SPECIFIC TESTS
• pH 791
Sample solution: 20 mg/mL in a mixture of alcohol and water (2:3)
Acceptance criteria: 4.5–5.5
• Loss on Drying 731
Analysis: Dry a sample at 120 for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Cyclizine Hydrochloride RS
USP Cyclizine Related Compound A RS
1-Methylpiperazine.
C5 H12 N2
100.16
USP Benzhydrol RS
Diphenylmethanol.
C13 H12 O
184.23 1S (USP36)
BRIEFING
Cyclizine Hydrochloride Tablets, USP 35 page 2785. The following revisions, based on the
current monograph for Cyclizine Tablets in the British Pharmacopoeia, are proposed:
1.
A test for Organic Impurities, based on a TLC procedure, is added to the monograph.
2.
The Identification section is updated to replace the test based on Identification–Organic
Nitrogenous Bases 181 with an infrared spectroscopic procedure that eliminates the
use of toxic carbon disulfide. In addition, the nonspecific Identification test based on
the melting range determination is deleted.
(SM3: E. Gonikberg, A. Martin-Esker.)
Correspondence Number—C110859

Comment deadline: May 31, 2012
Cyclizine Hydrochloride Tablets
DEFINITION
Cyclizine Hydrochloride Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount of
cyclizine hydrochloride (C18 H22 N2 ·HCl).
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IDENTIFICATION
Delete the following:
• A.
Sample: Amount of finely powdered Tablets, equivalent to 500 mg of cyclizine hydrochloride.
Analysis: Shake the Sample with 25 mL of water for 5 min, and filter the mixture. Cool the
filtrate in an ice bath, add a slight excess of 1 N sodium hydroxide, and stir well. Wash the
precipitate of the base with water, and dry under vacuum at 60 for 2 h.
Acceptance criteria: It melts between 106 and 109 .

1S (USP36)

Add the following:
• A. Infrared Absorption 197K
Sample: Extract a quantity of powdered Tablets containing 100 mg of cyclizine hydrochloride
with 10 mL of ethanol. Filter, evaporate to dryness, and use the dried residue.
Acceptance criteria: Meet the requirements 1S (USP36)
Delete the following:
• B. Identification—Organic Nitrogenous Bases

181 : Meet the requirements

1S (USP36)

ASSAY
• Procedure
Analysis: Proceed with Tablets as directed in Salts of Organic Nitrogenous Bases 501 .
Dilute the Standard Preparation and the Assay Preparation, respectively, with an equal
volume of dilute sulfuric acid (1 in 100), and determine the absorbance at the wavelength of
maximum absorbance at about 264 nm.
Calculate the percentage of the labeled amount of cyclizine hydrochloride (C18 H22 N2 ·HCl) in
the portion of Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Assay Preparation
A=
S absorbance of the Standard Preparation
C=
S concentration of USP Cyclizine Hydrochloride RS in the Standard Preparation (mg/mL)
C=
U nominal concentration of cyclizine hydrochloride in the Assay Preparation (mg/mL)
Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
• Dissolution, Procedure for a Pooled Sample 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Analysis: Determine the amount of cyclizine hydrochloride (C18 H22 N2 ·HCl) dissolved by
proceeding as directed in the Assay, making any necessary modifications.
Tolerances: NLT 75% (Q) of the labeled amount of cyclizine hydrochloride (C18 H22 N2 ·HCl) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements
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IMPURITIES
Add the following:
• Organic Impurities
Diluent: Methanol
Standard solution 1: 0.05 mg/mL of USP Cyclizine Hydrochloride RS in Diluent
Standard solution 2: 0.05 mg/mL of USP Cyclizine Related Compound A RS in Diluent
System suitability solution: 1 mg/mL USP Cyclizine Hydrochloride RS and 1 mg/mL of USP
Hydroxyzine Hydrochloride RS in Diluent
Sample solution: Triturate a quantity of powdered Tablets containing 100 mg of cyclizine
hydrochloride with 10 mL of methanol, and filter.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Mix methylene chloride, methanol, and ammonium hydroxide
(90:8:2). Allow the layers to separate, and use the lower layer.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: The chromatogram shows two clearly visible and separated spots.
Analysis
Samples: Standard solution 1, Standard solution 2, and Sample solution
Proceed as directed in Chromatography 621 , Thin-Layer Chromatography. Air-dry the
plate for several min, expose it to iodine vapor for 20 min, and examine the plate under
short-wavelength UV light.
Acceptance criteria
Cyclizine related compound A: The spot corresponding to cyclizine related compound A in
the Sample solution is not more intense than the principal spot obtained from Standard
solution 2 (NMT 0.5%).
Any unspecified impurity: Any other secondary spot in the chromatogram from the Sample
solution is not more intense than the principal spot obtained from Standard solution 1 (NMT
0.5%).
1S (USP36)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Cyclizine Hydrochloride RS
USP Cyclizine Related Compound A RS
1-Methylpiperazine.
C5 H12 N2
100.16
USP Hydroxyzine Hydrochloride RS

1S (USP36)
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BRIEFING
Dapsone, USP 35 page 2089. As part of the USP modernization effort, it is proposed to delete the
test for Melting Range 741 because there are already additional tests, including a
chromatographic method for characterization of impurities. It is also proposed to replace the
UV Identification test with the HPLC retention time agreement from the Assay because these
two tests are orthogonal. In addition, it is proposed to add the flow rate and the run time in
the Assay. The monograph has also been reformatted in the monograph redesign style.
(SM1: B. Davani.)
Correspondence Number—C110455

Comment deadline: May 31, 2012
Dapsone

C12 H12 N2 O2 S

248.30

Benzenamine, 4,4'-sulfonylbis-;
4,4'-Sulfonyldianiline
[80-08-0].
DEFINITION
Dapsone contains NLT 98.0% and NMT 102.0% of dapsone (C12 H12 N2 O2 S), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Sample solution: 5 µg/mL in methanol
Acceptance criteria: Meet the requirements
The retention time of the major peak of the Sample solution corresponds to that of the Standard
solution, as obtained in the Assay. 1S (USP36)

ASSAY
Change to read:
• Procedure
Mobile phase: Transfer 100 mL of isopropyl alcohol, 100 mL of acetonitrile, and 100 mL of
ethyl acetate to a 1000-mL volumetric flask. Add hexane to volume without mixing, then mix,
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and allow the mixture to cool to room temperature.
Standard solution: 25 µg/mL of USP Dapsone RS in Mobile phase
Sample solution: 25 µg/mL of Dapsone in the Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; 10-µm diameter packing L3
Flow rate: 1 mL/min 1S (USP36)
Injection volume: 10 µL
Run time: Two times the retention time of Dapsone

1S (USP36)

System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dapsone (C12 H12 N2 O2 S) in the portion of Dapsone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the Sample solution
rS= peak response of the Standard solution
C=
S concentration of USP Dapsone RS in the Standard solution (µg/mL)
C=
U concentration of Dapsone in the Sample solution (µg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Selenium 291 NMT 30 ppm, a 100-mg sample mixed with 100 mg of magnesium oxide is
used
Sample: 100-mg sample mixed with 100 mg of magnesium oxide
Acceptance criteria: NMT 30 ppm 1S (USP36)
Change to read:
• Organic Impurities
Standard solution A: 12.5 mg/mL of USP Dapsone RS in methanol
Standard solution B: 125 µg/mL of USP Dapsone RS in methanol from Standard solution A
1S (USP36)

Standard solution C
B 1S (USP36)
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: 62.5 µg/mL of USP Dapsone RS in methanol from Standard solution A
Sample solution: 12.5 mg/mL of Dapsone in methanol
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 150- to 200-µm layer of chromatographic silica gel
Application volume: 4 µL
Developing solvent system: Acetone, chloroform, n-butyl alcohol, and formic acid
(15:60:15:10). Prepare the solvent system fresh daily. Equilibrate the chromatographic
chamber with the solvent system for 30 min prior to developing the chromatographic plate.
Spray reagent: 0.1% (w/v) solution of 4-dimethylaminocinnamaldehyde in glacial acetic
acid and water (1:1)
Analysis
Samples: Standard solutions
A and Standard solution B 1S (USP36)
and Sample solution
Position the plate in a chromatographic chamber, and develop the chromatograms in the
developing solvent system until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the developing chamber and air-dry. Spray the
plate lightly with Spray reagent. Examine the spots that are developed immediately, and
compare the intensities of any secondary spots observed in the Sample solution with those
of the principal spots of the Standard solutions.
Acceptance criteria: No secondary spot from the chromatogram of the Sample solution is
larger or more intense than the principal spot of Standard solution C
B 1S (USP36)
(0.5%), and the sum of the intensities of all the secondary spots of the Sample solution
corresponds to NMT 1.0%.
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 175 –181

1S (USP36)

• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 1.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards
USP Dapsone RS

11
BRIEFING

Dinoprostone, USP 35 page 2929. On the basis of comments and data received, it is proposed to
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make the following revisions to the test for Organic Impurities:
1.
Change the solution used to determine the System suitability from the Standard stock
solution to the Standard solution.
2.
Widen the Relative standard deviation criterion from NMT 2.0% to NMT 10.0% to
compensate for using the more dilute Standard solution.
(SM4: D. Vicchio.)
Correspondence Number—C106212

Comment deadline: May 31, 2012
Dinoprostone

C20 H32 O5

352.47

Prosta-5,13-dien-1-oic acid, 11,15-dihydroxy-9-oxo-, (5Z,11 ,13E,15S)-;
(E,Z)-(1R,2R,3R)-7-[3-Hydroxy-2-[(3S)-(3-hydroxy-1-octenyl)]-5-oxocyclopentyl]-5-heptenoic
acid;
Prostaglandin E2
[363-24-6].
DEFINITION
Dinoprostone contains NLT 97.0% and NMT 103.0% of dinoprostone (C20 H32 O5 ).
[Note—Prepare all solutions in all tests immediately before use. ]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Methanol and 0.2% acetic acid (29:21)
Standard solution: 2.5 mg/mL of USP Dinoprostone RS in Mobile phase
Sample solution: 2.5 mg/mL of Dinoprostone in Mobile phase
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 210 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.0 between dinoprostone and any other adjacent peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dinoprostone (C20 H32 O5 ) in the portion of Dinoprostone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Dinoprostone RS in the Standard solution (mg/mL)
C=
U concentration of Dinoprostone in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0%
IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
Change to read:
• Organic Impurities
Mobile phase and Sample solution: Prepare as directed in the Assay.
Standard stock solution: Prepare as directed for the Standard solution in the Assay.
Standard solution: Transfer 0.5 mL of the Standard stock solution to a 50-mL volumetric
flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard stock solution
Standard solution 1S (USP36)
and Sample solution
Suitability requirements
Column efficiency: NLT 6000 theoretical plates, Standard stock solution
Standard solution 1S (USP36)
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Relative standard deviation: NMT 2.0%, Standard stock solution
NMT 10.0%, Standard solution 1S (USP36)
Resolution: NLT 1.0 between dinoprostone and any other adjacent peak, Sample solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Dinoprostone taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of dinoprostone from the Standard solution
C=
S concentration of USP Dinoprostone RS in the Standard solution (mg/mL)
C=
U concentration of Dinoprostone in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Name
15-Oxo-dinoprostone
15-Epi-dinoprostone
8-Isodinoprostone
5,6-trans-Dinoprostone
(5Z,13E,15S)-15-Hydroxy-9-oxoprosta-5, 10,13triene-1-oic acid
(5Z,13E,15S)-15-Hydroxy-9-oxoprosta-5,
8(12),13-trien-1-oic acid
Any individual unspecified impurity
* The sum of these three impurities is NMT 1.0%.

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.79
0.85
0.90
1.15

5
1.1
1.0
1.0

—*
—*
—*
2.0

1.80

5

1.0

1.90
—

1.43
1.0

1.0
0.10

SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 5 mg/mL in alcohol
Acceptance criteria:

82.0 to

• Water Determination, Method I

90.0 , at 20
921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards
USP Dinoprostone RS

11
BRIEFING
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Diphenhydramine Hydrochloride, USP 35 page 2931 and PF 37(3) [May–June 2011]. It is
proposed to revise the limit for any other unspecified impurity from NMT 0.3% to NMT 0.10%.
This change is made at FDA's request that the acceptance criteria for any unspecified
impurities be revised on the basis of the maximum daily dose of diphenhydramine hydrochloride,
to be consistent with the ICH guidelines. Additionally, it is proposed to replace the current
HPLC Assay procedure with a method derived from the impurities method proposed in PF 37(3).
The method was validated with a YMC Pack Pro-C8 brand of L7 column, from which
diphenhydramine elutes at about 5.2 min. This change will simplify the monograph by using the
same Chromatographic system for both the Assay and the test for Organic Impurities.
(SM4: D. Vicchio.)
Correspondence Number—C107677

Comment deadline: May 31, 2012
Diphenhydramine Hydrochloride

C17 H21 NO·HCl

291.82

Ethanamine, 2-(diphenylmethoxy)-N,N-dimethyl-, hydrochloride;
2-(Diphenylmethoxy)-N,N-dimethylethylamine hydrochloride
[147-24-0].
DEFINITION
Diphenhydramine Hydrochloride contains NLT 98.0% and NMT 102.0% of diphenhydramine
hydrochloride (C17 H21 NO·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Identification—Organic Nitrogenous Bases
Infrared Absorption 197K

181

1S (USP35)

It meets the requirements.
1S (USP35)

• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride

191

ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, triethylamine, and water (100:1:100). Adjust with glacial acetic
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acid to a pH of 6.5.
System suitability solution: Dissolve 5 mg of benzophenone in 5 mL of acetonitrile, and
dilute with water to 100 mL. Transfer 1.0 mL of this solution and 5 mg of diphenhydramine
hydrochloride to a 10-mL volumetric flask, and dilute with water to volume.
Standard solution: 0.5 mg/mL of USP Diphenhydramine Hydrochloride RS in water
Sample solution: 0.5 mg/mL of Diphenhydramine Hydrochloride in water. Filter.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L10
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the benzophenone and diphenhydramine peaks, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of diphenhydramine hydrochloride (C17 H21 NO·HCl) in the portion of
sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of diphenhydramine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0%, on the dried basis
Buffer: 5.4 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH to
3.0.
Diluent: Acetonitrile and Buffer (35:65)
System suitability solution: 0.1 mg/mL each of USP Diphenhydramine Hydrochloride RS
and USP Diphenhydramine Related Compound A RS in Diluent
Standard solution: 0.07 mg/mL of USP Diphenhydramine Hydrochloride RS in Diluent
Sample solution: 0.07 mg/mL of Diphenhydramine Hydrochloride in Diluent
Mobile phase: See Table 1.
Table 1
Time
Buffer Acetonitrile
(min)
(%)
(%)
0
65
35
4
65
35
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7
9
13

20
65
65

80
35
35

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements [Note—The relative retention times for diphenhydramine
related compound A and diphenhydramine are 0.9 and 1.0, respectively. ]
Resolution: NLT 1.5 between diphenhydramine related compound A and
diphenhydramine, System suitability solution
Tailing factor: NMT 1.8, Standard solution
Relative standard deviation: NMT 0.85% for six replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diphenhydramine hydrochloride (C17 H21 NO·HCl) in the portion
of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Diphenhydramine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis 1S (USP36)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Add the following:
• Organic Impurities
Buffer: 5.4 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH of
3.0.
Mobile phase: Acetonitrile and Buffer (35:65)
System suitability solution: 0.1 mg/mL each of USP Diphenhydramine Related Compound A
RS, benzhydrol, and USP Diphenhydramine Hydrochloride RS in Mobile phase
Standard solution: 0.0035 mg/mL of USP Diphenhydramine Hydrochloride RS in Mobile phase
Sample solution: 0.7 mg/mL of Diphenhydramine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 10 µL
Run time: 7 times the retention time of diphenhydramine
System suitability
[Note—See Table 2 for the relative retention times. ]
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between diphenhydramine related compound A and diphenhydramine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Diphenhydramine Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of diphenhydramine from the Standard solution
C=
S concentration of USP Diphenhydramine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Diphenhydramine Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. [Note—Disregard peaks that are less than 0.05% of the
diphenhydramine peak. ]

Name

Table 2
Relative
Retention
Time

Diphenhydramine related compound Aa
Diphenhydramine
4-Methyldiphenhydramineb
4-Bromodiphenhydraminec
Benzhydrold
Benzophenonee

0.9
1.0
1.5
1.8
2.6
5.1

Relative
Response
Factor
1.0
—
1.0
1.0
1.4
1.0

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

—
Any other unspecified impurity
1.0
0.10 1S (USP36)
Total impurities
—
—
1.0
a 2-(Diphenylmethoxy)-N-methylethanamine.
b 2-[(RS)-(4-Methylphenyl)phenylmethoxy]-N,N-dimethylethanamine.
c 2-[(RS)-(4-Bromophenyl)phenylmethoxy]-N,N-dimethylethanamine.
d Diphenylmethanol.
e Diphenylmethanone.
2S (USP35)
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SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 167 –172

1S (USP35)

Add the following:
• Acidity or Alkalinity
Sample solution: 50 mg/mL of Diphenhydramine Hydrochloride in carbon dioxide-free water
Analysis: To 10 mL of the Sample solution, add 0.15 mL of methyl red TS 2 and 0.25 mL of
0.01 N hydrochloric acid. The solution is pink. Titrate with 0.01 N sodium hydroxide.
Acceptance criteria: NMT 0.5 mL of 0.01 N sodium hydroxide is required to change the color
of the solution to yellow.
1S (USP35)

• Loss on Drying 731
Sample: Dry a sample at 105 for 3 h
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at room
temperature.
Change to read:
• USP Reference Standards 11
USP Diphenhydramine Hydrochloride RS
USP Diphenhydramine Related Compound A RS
2-(Diphenylmethoxy)-N-methylethanamine hydrochloride.
C16 H19 NO·HCl
277.79 2S (USP35)
BRIEFING
Estazolam, page 5475 of the First Supplement to USP 35 and page 1527 of PF 36(6) [Nov.–Dec.
2010]. On the basis of comments and supporting data received, it is proposed to add a
gradient test for Organic Impurities. The isocratic procedure proposed in PF 36(6) [Nov.–Dec.
2010] was reported to produce low and inconsistent resolution between the estazolam related
compound A and nordazepam peaks. The gradient liquid chromatograph procedure currently
proposed is based on validated analyses performed with the YMC PRO C18 brand of L1 column
with a dwell volume of 1.0 mL. The typical retention time for estazolam is about 5 min. The use
of two USP Reference Standards (USP Estazolam Related Compound A RS and USP Nordazepam
RS) is added to support the revised test for Organic Impurities.
(SM4: H. Joyce, R. Ravichandran.)
Correspondence Number—C101196

Comment deadline: May 31, 2012
Add the following:
Estazolam
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C16 H11 ClN4

294.74

4H-[1,2,4]Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-6-phenyl-;
8-Chloro-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine
[29975-16-4].
DEFINITION
Estazolam contains NLT 98.0% and NMT 102.0% of estazolam (C16 H11 ClN4 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 2.8 g/L of monobasic potassium phosphate, monobasic in water. Adjust with 1 N
sodium hydroxide to a pH of 6.5.
Mobile phase: Acetonitrile, methanol, and Buffer (10:35:55)
Standard stock solution: 0.5 mg/mL of USP Estazolam RS in Mobile phase
Standard solution: 0.02 mg/mL of USP Estazolam RS in water from Standard stock solution
Sample stock solution: 0.5 mg/mL of Estazolam in Mobile phase
Sample solution: 0.02 mg/mL of Estazolam in water from Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3-µm packing L11
Flow rate: 1 mL/min
Injection volume: 25 µL
Run time: 2.5 times the retention time of the estazolam peak
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%

218
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of estazolam (C16 H11 ClN4 ) in the portion of Estazolam taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Estazolam RS in the Standard solution (mg/mL)
C=
U concentration of Estazolam in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Add the following:
• Organic Impurities
Solution A: Acetonitrile
Solution B: Water
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
40
60
20
90
10
23
90
10
30
40
60
35
40
60
System suitability solution: 1 µg/mL each of USP Estazolam RS, USP Nordazepam RS, and
USP Estazolam Related Compound A RS in acetonitrile
Standard solution: 1 µg/mL of USP Estazolam RS in acetonitrile
Sample solution: 1 mg/mL of Estazolam in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between nordazepam and estazolam related compound A, System
suitability solution
Tailing factor: NMT 1.2 for estazolam, Standard solution
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Relative standard deviation: NMT 2.0% for estazolam, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Estazolam taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of estazolam from the Standard solution
C=
S concentration of USP Estazolam RS in the Standard solution (µg/mL)
C=
U concentration of Estazolam in the Sample solution (µg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. [Note—The gradient was established on an HPLC system
with a dwell volume of approximately 1.0 mL. The injection time can be adjusted relative to
the start of a run to accommodate changes in dwell volume from one HPLC system to
another to achieve the separation desired. ]
Table 2
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Estazolam
1.0
—
—
Nordazepama
1.4
1.3
0.1
b
Estazolam related compound A
1.6
1.0
0.1
c
Formamido chlorobenzophenone
2.0
1.5
0.1
Bischloroacetylbenzophenoned
2.2
1.5
0.1
e
Aminochlorobenzophenone
2.6
1.4
0.1
f
Chloroacetamido chlorobenzophenone
2.7
1.2
0.1
Any individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.5
a 7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one.
b 5-Chloro-2-(3-chloromethyl-4H-1,2,4-triazol-4-yl)-benzophenone.
c N-(2-Benzoyl-4-chlorophenyl) formamide.
d 2-(N-Chloroacetyl-N-chloroacetylhydrazonomethyl)amino-5-chlorobenzophenone.
e (2-Amino-5-chlorophenyl) phenyl-methanone.
f N-(2-Benzoyl-4-chlorophenyl)-2-chloroacetamide.
1S (USP36)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 4 h.
Acceptance criteria: NMT 1.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Estazolam RS
4H-[1,2,4]Triazolo[4,3-a][1,4]benzodiazepine, 8-chloro-6-phenyl-.
8-Chloro-6-phenyl-4H-s-triazolo[4,3-a][1,4]benzodiazepine.
C16 H11 ClN4
294.74
USP Estazolam Related Compound A RS
5-Chloro-2-(3-chloromethyl-4H-1,2,4-triazol-4-yl)-benzophenone.
C16 H11 Cl2 N3 O
332.18
USP Nordazepam RS
7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one.
C15 H11 ClN2 O
270.71 1S (USP36)
1S (USP35)

BRIEFING
Fluconazole for Oral Suspension. Because there is no existing USP monograph for this dosage
form, a new monograph based on validated methods of analyses is being proposed. The
chromatographic procedures in the Assay, and tests for Impurities and Dissolution are based
on analyses performed with Hypersil BDS C18 brand of L1 column. Using this column, the typical
retention times of the fluconazole peak are about 3 min for the Assay and Dissolution test, and
about 8 min for the Impurities test.
(SM1: H. Joyce, B. Davani, R. Tirumalai, M. Marques.)
Correspondence Number—C95931

Comment deadline: May 31, 2012
Add the following:
Fluconazole for Oral Suspension
DEFINITION
Fluconazole for Oral Suspension contains NLT 90.0% and NMT 110.0% of the labeled amount of
fluconazole (C13 H12 F 2 N6 O). It may contain a suitable preservative.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluted phosphoric acid: Phosphoric acid (1 in 10)
Buffer: 2.72 g/L of monobasic potassium phosphate, adjusted with Diluted phosphoric acid to
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pH 2.5
Mobile phase: Acetonitrile and Buffer (20:80)
Diluent: Methanol and water (50:50)
System suitability solution: 0.1 mg/mL of USP Fluconazole RS and 0.024 mg/mL of USP
Sodium Benzoate RS in Diluent
Standard solution: 0.1 mg/mL of USP Fluconazole RS in Diluent
Sample solution: Reconstitute the sample as directed on the label. Transfer an accurately
weighed quantity of the suspension to a suitable volumetric flask to obtain a nominal
concentration of 0.1 mg/mL of fluconazole. Sonicate in 70% of the flask volume of Diluent for
20 min with intermittent shaking. Dilute with Diluent to final volume, mix, centrifuge, and
pass through a suitable membrane filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 260 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 5.0 between the fluconazole and benzoate peaks
Tailing factor: NMT 2.0, fluconazole peak
Relative standard deviation: NMT 2.0%, fluconazole peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluconazole (C13 H12 F 2 N6 O) in the portion
of the Fluconazole for Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution
C=
U nominal concentration of the Sample solution
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL for 200 mg/5 mL suspension; 500 mL for 50 mg/5 mL suspension
Apparatus 2: 50 rpm
Time: 30 min
Standard stock solution: 1.1 mg/mL of USP Fluconazole RS in methanol
Standard solution
200 mg/5 mL suspension: 0.22 mg/mL of USP Fluconazole RS in Medium from the
Standard stock solution
50 mg/5 mL suspension: 0.11 mg/mL of USP Fluconazole RS in Medium from the Standard
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stock solution
Sample solution: Reconstitute the suspension according to the label instructions. Weigh, and
transfer an amount of the reconstituted suspension equivalent to one dose to the vessel. At
the time specified withdraw 10 mL of the solution under test, and pass through a suitable
filter of 0.45-µm pore size.
Mobile phase: Acetonitrile and water (20:80)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 260 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Calculate the percentage of the labeled amount of fluconazole (C13 H12 F 2 N6 O) dissolved (Q):
Result = (rU/rS) × CS × (V1/V2) × (1/L) × 100
r=
U peak response for the Sample solution
r=
S peak response for the Standard solution
C=S concentration of the Standard solution (mg/mL)
V=1 volume of Medium (900 mL or 500 mL)
V=2 volume of the reconstituted suspension in the Sample solution (mL). [Note—This is equivalent
to the weight (g) of the reconstituted suspension in the Sample solution divided by the
density of the reconstituted solution (g/mL). ]
L= label claim (mg/mL)
Tolerances: NLT 85% (Q) of the labeled amount of fluconazole (C13 H12 F 2 N6 O) is dissolved.
• Deliverable Volume
unit containers.

698 : Meets the requirements for oral suspension packaged in multiple-

IMPURITIES
• Procedure
Solution A: 0.63 g/L of ammonium formate in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
87
13
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20
87
13
35
60
40
50
60
40
52
87
13
60
87
13
Diluent: Acetonitrile and Solution A (13:87)
System suitability solution: 0.3 mg/mL of USP Fluconazole RS, 3 µg/mL of USP Fluconazole
Related Compound B RS, and 3 µg/mL USP Fluconazole Related Compound C RS in Diluent.
[Note—The use of sonication and stepwise dilutions may be appropriate. ]
Standard solution: 6 µg/mL of USP Fluconazole RS in Diluent. [Note—The use of sonication
and stepwise dilutions may be appropriate. ]
Sample solution: Reconstitute the sample as directed on the label. Transfer an accurately
weighed quantity of the suspension to a suitable volumetric flask to obtain a nominal
concentration of 3 mg/mL of fluconazole. Sonicate in 40% of the flask volume of Diluent for
20 min with intermittent shaking. Dilute with Diluent to final volume, mix, centrifuge, and
pass through a suitable membrane filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 260 nm
Column: 4.6-mm × 12.5-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between the fluconazole related compound B and fluconazole related
compound C peaks and NLT 4.0 between the fluconazole related compound C and
fluconazole peaks, System suitability solution
Tailing factor: NMT 2.0 for the fluconazole peak, System suitability solution
Relative standard deviation: NMT 5.0% for the fluconazole peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Fluconazole for Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the impurity from the Sample solution
rS= peak response of fluconazole from the Standard solution
C=
S concentration of USP Fluconazole RS in the Standard solution
C=
U nominal concentration of fluconazole the Sample solution
Acceptance criteria: See Table 2.
Table 2
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Relative
Retention
Time

Name
related compound Aa
isomerc
related compound Bd
related compound Ce

Acceptance
Criteria,
NMT (%)

Fluconazole
0.45
—b
Fluconazole
0.51
—b
Fluconazole
0.71
—b
Fluconazole
0.78
—b
Fluconazole
1.0
—
Any other individual, unspecified impurity
—
0.20
Total impurities
—
0.3
a 2-[2-Fluoro-4-(1H-1,2,4-triazol-1-yl)phenyl]-1,3-bis(1H-1,2,4-triazol-1-yl)-propan-2-ol.
b These are process impurities which are included in the Table for identification only. These
impurities are controlled in the drug substance. They are not to be reported for the drug
product and should not be included in the total impurities.
c 2-(2,4-Difluorophenyl)-1-(1H -1,2,4-triazol-1-yl)-3-(4H -1,2,4-triazol-4-yl)propan-2-ol.
d 2-(4-Fluorophenyl)-1,3-bis(1H-1,2,4-triazol-1-yl)propan-2-ol.
e 1,1¢-(1,3-Phenylene)di(1H-1,2,4-triazole).
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/g, and the total combined molds and
yeasts count does not exceed 5 × 101 cfu/g. It meets the requirements of the test for
absence of Escherichia coli.
• pH

791 : 3.0–5.0, in a solution reconstituted as directed by the labeling

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store dry power below 30 . Store reconstituted suspension at 5 –30
, and protect from freezing.
• USP Reference Standards 11
USP Fluconazole RS
USP Fluconazole Related Compound B RS
2-(4-Fluorophenyl)-1,3-bis(1H-1,2,4-triazol-1-yl)propan-2-ol.
C13 H13 FN6 O
288.28
USP Fluconazole Related Compound C RS
1,1¢-(1,3-Phenylene)di(1H-1,2,4-triazole).
C10 H8 N6
212.21
USP Sodium Benzoate RS
1S (USP36)

BRIEFING
Gemfibrozil, USP 35 page 3323. On the basis of comments and supporting information received, it
is proposed to revise the test for Organic Impurities to determine the relative standard
deviation from the Standard solution and to indicate that the requirement is applicable to both
the gemfibrozil and gemfibrozil related compound A peaks. The System suitability solution in the
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test for Organic Impurities is renamed Peak identification solution.
In addition, the following changes are proposed:
1.
Identification test B based on the retention time agreement in the Assay is added to the
Identification section.
2.
In the Assay, the name of the component in the System suitability solution is changed
from “2,5-xylenol” to “2,5-dimethylphenol”, to be consistent with the test for Organic
Impurities. A Note is added to provide the elution order information for the components
of the System suitability solution.
3.
The system suitability requirement for relative standard deviation under Assay is tightened
from NMT 2.0% to NMT 1.0%, to be consistent with repeatability requirements in
Chromatography 621 .
4.
The test for Melting Range or Temperature is deleted.
(SM3: E. Gonikberg.)
Correspondence Number—C112610

Comment deadline: May 31, 2012
Gemfibrozil

C15 H22 O3

250.33

Pentanoic acid, 5-(2,5-dimethylphenoxy)-2,2-dimethyl-;
2,2-Dimethyl-5-(2,5-xylyloxy)valeric acid
[25812-30-0].
DEFINITION
Gemfibrozil contains NLT 98.0% and NMT 102.0% of gemfibrozil (C15 H22 O3 ), calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
ASSAY
Change to read:
• Procedure
Mobile phase: Add 10 mL of glacial acetic acid to 800 mL of methanol in a 1000-mL
volumetric flask, dilute with water to volume, and pass through a membrane filter.
System suitability solution: 0.2 mg/mL of gemfibrozil and 0.05 mg/mL of 2,5-xylenol
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1S (USP36)

in Mobile phase
Standard stock solution: 1 mg/mL of USP Gemfibrozil RS in methanol
Standard solution: 0.2 mg/mL of USP Gemfibrozil RS in Mobile phase from the Standard stock
solution
Sample stock solution: 1 mg/mL of Gemfibrozil in methanol
Sample solution: 0.2 mg/mL of Gemfibrozil in Mobile phase from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
[Note—The elution order is 2,5-dimethylphenol, followed by gemfibrozil. ]

1S (USP36)

Resolution: NLT 8.0 between gemfibrozil and 2,5-xylenol
2,5-dimethylphenol, 1S (USP36)
System suitability solution
Relative standard deviation: NMT 2.0%
NMT 1.0%, 1S (USP36)
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of gemfibrozil (C15 H22 O3 ) in the portion of Gemfibrozil taken:
Result = (rU/rS) × (CS/CU) ×100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Gemfibrozil RS in the Standard solution (mg/mL)
C=
U concentration of Gemfibrozil in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Mobile phase: Add 10 mL of glacial acetic acid to 750 mL of methanol in a 1000-mL
volumetric flask, dilute with water to volume, and pass through a membrane filter.
System suitability solution:
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Peak identification solution:

1S (USP36)

0.2 mg/mL of USP Gemfibrozil RS, 0.05 mg/mL of USP Gemfibrozil Related Compound A RS,
and 0.05 mg/mL of 2,5-dimethylphenol in Mobile phase
Standard stock solution: 0.1 mg/mL each of USP Gemfibrozil RS and USP Gemfibrozil Related
Compound A RS in methanol
Standard solution: 0.01 mg/mL each of USP Gemfibrozil RS and USP Gemfibrozil Related
Compound A RS in Mobile phase from the Standard stock solution
Sample solution: 10 mg/mL of Gemfibrozil in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.0-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Sample: System suitability solution
Standard solution 1S (USP36)
[Note—The relative retention times for 2,5-dimethylphenol, gemfibrozil, and gemfibrozil related
compound A are 0.35, 1.0, and 2.1, respectively. ]
1S (USP36)

Suitability requirements
Relative standard deviation: NMT 3.0%
for each peak 1S (USP36)
Analysis
Chromatograph the Peak identification solution, and identify the components on the basis of
their relative retention times. The relative retention times for 2,5-dimethylphenol, gemfibrozil,
and gemfibrozil related compound A are 0.35, 1.0, and 2.1, respectively.
1S (USP36)

Samples: Standard solution and Sample solution
Calculate the percentage of gemfibrozil related compound A in the portion of Gemfibrozil taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of gemfibrozil related compound A from the Sample solution
rS= peak area of gemfibrozil related compound A from the Standard solution
C=
S concentration of USP Gemfibrozil Related Compound A RS in the Standard solution (mg/mL)
C=
U concentration of Gemfibrozil in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Gemfibrozil taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak area of each individual impurity from the Sample solution
rS = peak area for gemfibrozil from the Standard solution

PF 38(2): Mar.-Apr. 2012

229

CS = concentration of USP Gemfibrozil RS in the Standard solution (mg/mL)
CU = concentration of Gemfibrozil in the Sample solution (mg/mL)
Acceptance criteria
Gemfibrozil related compound A: NMT 0.1%
Any other impurity: NMT 0.1%
Total impurities: NMT 0.5%
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature
• Water Determination, Method I

741 : 58 –61

1S (USP36)

921 : NMT 0.25%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Gemfibrozil RS
USP Gemfibrozil Related Compound A RS
(E,Z)-2,2-Dimethyl-5-[2,5-dimethyl-4-(propene-1-yl)phenoxy]valeric acid.
C18 H26 O3
290.40
BRIEFING
Haloperidol, USP 35 page 3397. As part of the USP's monograph modernization efforts, it is
proposed to make the following changes so that this monograph is consistent with the
Haloperidol monograph in Pharm Europa, vol 23:
1.
Replace the Ultraviolet Absorption test with the HPLC retention time agreement from the
test for Organic Impurities. The proposed test is orthogonal to the existing Infrared
Absorption Identification test.
2.
Add a formula in the Assay to calculate the percentage of Haloperidol.
3.
Replace the spectrophotometric Limit of Haloperidol Related Compound A test with a single
stability-indicating HPLC procedure that monitors this impurity and other known
impurities. The liquid chromatographic procedure is based on analyses performed with
the Hypersil BDS C18 brand of L1 column. The typical retention time for haloperidol is
about 8 min.
4.
Delete the test for Melting Range or Temperature.
5.
Add Storage condition to the Package and Storage section.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C93062

Comment deadline: May 31, 2012
Haloperidol

C21 H23 ClFNO2

375.86
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1-Butanone, 4-[4-(4-chlorophenyl)-4-hydroxy-1-piperidinyl]-1-(4-fluorophenyl)-;
4-[4-(p-Chlorophenyl)-4-hydroxypiperidino]-4¢-fluorobutyrophenone
[52-86-8].
DEFINITION
Haloperidol contains NLT 98.0% and NMT 102.0% of haloperidol (C21 H23 ClFNO2 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 245 nm
Solution A: Hydrochloric acid and water (1:100)
Diluent: Isopropyl alcohol and Solution A (90:10)
Sample solution: 20 µg/mL
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the Standard
solution, as obtained in the test for Organic Impurities. 1S (USP36)

ASSAY
Change to read:
• Procedure
Sample solution: 5 mg/mL of Haloperidol in glacial acetic acid
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 N perchloric acid VS
Endpoint detection: Visual
Analysis: To 25 mL of the Sample solution add 3 drops of p-naphtholbenzein TS, and titrate
with Titrant. Perform a blank determination, and make any necessary correction.
Calculate the percentage of haloperidol (C21 H23 ClFNO2 ) in the portion of sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the sample (mL)
V=
B Titrant volume consumed by the blank (mL)
N= actual normality of the Titrant (meq/mL)
F= equivalency factor, 375.86 mg/meq
W= sample weight (mg) 1S (USP36)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
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• Residue on Ignition 281 : NMT 0.1%
Delete the following:
• Limit of Haloperidol Related Compound A
Standard solution: 800 µg per mL of USP Haloperidol RS and 8 µg per mL of USP Haloperidol
Related Compound A RS in isopropyl alcohol containing 10 mL of dilute hydrochloric acid (1 in
100) in each 100 mL of solution.
Sample solution: Dissolve about 80 mg of Haloperidol, accurately weighed, in 80 mL of
isopropyl alcohol in a 100-mL volumetric flask. Add 10 mL of dilute hydrochloric acid (1 in
100), dilute with isopropyl alcohol to volume, and mix.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Analytical wavelength: 335 nm
Blank: isopropyl alcohol containing 10 mL of dilute hydrochloric acid (1 in 100) in each 100
mL of solution
Analysis
Samples: Blank, Standard solution and Sample solution
Determine the absorbances of the Sample solution and the Standard solution at the
wavelength of maximum absorbance.
Acceptance criteria: The absorbance of the Sample solution is not greater than that of the
Standard solution, corresponding to NMT 1.0%. 1S (USP36)
Add the following:
• Organic Impurities
Prepare the solutions immediately before use, and protect from light.
Solution A: 17 g/L of tetrabutylammonium hydrogen sulfate
Solution B: Acetonitrile
Mobile phase: See Table 1. [Note—The dwell volume is 1.2 mL. ]
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
2
90
10
17
50
50
22
50
50
System suitability solution: 10 mg/mL of USP Haloperidol RS and 20 µg/mL each of USP
Haloperidol Related Compound A RS and USP Haloperidol Related Compound B RS in methanol.
[Note—Haloperidol related compound A is used for identification purposes only. ]
Standard solution: 50 µg/mL of USP Haloperidol RS in methanol
Sample solution: 10 mg/mL of Haloperidol in methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
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Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 3.0 between the haloperidol related compound B and haloperidol peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Haloperidol taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of an individual impurity from the Sample solution
rS= peak response of haloperidol from the Standard solution
C=
S concentration of USP Haloperidol RS in the Standard solution (mg/mL)
C=
U concentration of Haloperidol in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. [Note—Disregard any peak with an area less than 0.05%
of the main peak. ]
Table 2
Relative
Retention
Name
Time
Haloperidol related compound B
0.9
Haloperidol
1.0
Haloperidol related compound A
1.6
Any other individual impurity
—
Total impurities
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.4
0.3
—
—
1.0
0.2
1.0
0.10
—
0.5

1S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature
60 for 3 h

741 : 149 –155 , determined after drying in a vacuum at

1S (USP36)

• Loss on Drying 731
Analysis: Dry a sample under vacuum at 60 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight, light-resistant containers.
Store at room temperature. 1S (USP36)
Change to read:

PF 38(2): Mar.-Apr. 2012

233

• USP Reference Standards 11
USP Haloperidol RS
USP Haloperidol Related Compound A RS
4,4¢-Bis[4-p-chlorophenyl)-4-hydroxypiperidino]butyrophenone.
C32 H36 Cl2 N2 O3
567.56
USP Haloperidol Related Compound B RS
4-[4-(4-Chlorophenyl)-4-hydroxypiperidin-1-yl]-1-(2-fluorophenyl)butan-1-one.
C21 H23 ClFNO2
375.86 1S (USP36)
BRIEFING
Irinotecan Hydrochloride Injection. Because there is no existing USP monograph for this drug
product, a new monograph based on validated methods of analysis is proposed. The liquid
chromatographic procedures in the proposed monograph are based on the analyses performed
with the following columns.
1.
Assay: G.L. Sciences Inertsil C8-3 brand of L7 column. The typical retention time for
irinotecan is about 4.7 min.
2.
Organic Impurities: Thermo Electron Corporation Hypersil ODS brand of L1 column. The
typical retention time for irinotecan is about 37 min.
(SM3: F. Mao, R. Tirumalai.)
Correspondence Number—C89745

Comment deadline: May 31, 2012
Add the following:
Irinotecan Hydrochloride Injection
DEFINITION
Irinotecan Hydrochloride Injection is a sterile solution of Irinotecan Hydrochloride in Water for
Injection. It contains NTL 90.0% and NMT 110.0% of the labeled amount of irinotecan
hydrochloride (C33 H38 N4 O6 ·HCl·3H2 O).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Sample solution: 4 µg/mL
Medium: Methanol
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Dissolve 2 g of sodium 1-hexanesulfonate and 2 mL of triethylamine in 1 L of water.
Mobile phase: Acetonitrile and Buffer (34:66). Adjust with phosphoric acid to a pH of 2.5.
Standard solution: 0.04 mg/mL of USP Irinotecan Hydrochloride RS in Mobile phase.
Sonication and shaking may be used to aid dissolution.
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Sample solution: 0.04 mg/mL of irinotecan hydrochloride in Mobile phase from Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of irinotecan hydrochloride
(C33 H38 N4 O6 ·HCl·3H2 O) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
CS= concentration of USP Irinotecan Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of irinotecan hydrochloride in the Sample solution (mg/mL)
Mr1
= molecular weight of irinotecan hydrochloride (C33 H38 N4 O6 ·HCl·3H2 O), 677.18
Mr2
= molecular weight of irinotecan hydrochloride, anhydrous (C33 H38 N4 O6 ·HCl), 623.14
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Solution A: Dissolve 2 g of sodium 1-hexanesulfonate and 1 mL of triethylamine in 1 L of
water. Adjust with phosphoric acid to a pH of 2.5.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
20
80
20
50
65
35
63
50
50
64
80
20
70
80
20
Diluent: Acetonitrile, phosphoric acid, and Solution A (500:15:500)
System suitability solution: 0.2 mg/mL of USP Irinotecan Hydrochloride RS and 0.4 µg/mL of
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irinotecan related compound E in Diluent, added stepwise, if necessary. Sonication may be
used to aid dissolution.
Sample solution: 0.2 mg/mL of irinotecan hydrochloride in Diluent from Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Temperatures
Column: 55
Sample: 15
Injection volume: 25 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 4.0 between irinotecan and irinotecan related compound E
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Irinotecan Hydrochloride Injection
taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak area of each impurity from the Sample solution
r=
T sum of the peak areas from the Sample solution
F= relative response factor for each individual impurity (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Irinotecan related compound Ba
0.53
0.74
0.2
Camptothecinb
—
—
0.65
Irinotecan
1.00
—
—
7-Ethylcamptothecinc
—
—
1.16
Any unspecified impurity
—
1.0
0.2
Total impurities
—
—
1.0
a (S)-4,11-Diethyl-4,9-dihydroxy-1H-pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline3,14(4H,12H)-dione.
b (S)-4-Ethyl-4-hydroxy-1H-pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)-dione.
It is a process impurity and is controlled in the API monograph.
c Irinotecan related compound E. It is a process impurity and is controlled in the API
monograph.
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SPECIFIC TESTS
• Bacterial Endotoxins

85 : NMT 0.83 USP Endotoxin Units/mg of irinotecan hydrochloride

• Sterility 71 : Meets the requirements when tested as directed for Test for Sterility of the
Product to be Examined, Membrane Filtration
• pH

791 : 3.0–3.8

• Particulate Matter 788 : Meets the requirements for small-volume injections
• Other Requirements: Meets the requirements under Injections

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose amber glass vials, protected from light. Store
at controlled room temperature.
• Labeling: Label it to indicate that it is to be diluted with either 5% dextrose solution (USP) or
0.9% Sodium Chloride Injection (USP) prior to intravenous infusion.
• USP Reference Standards 11
USP Irinotecan Hydrochloride RS
USP Irinotecan Related Compound E RS
(S)-4,11-Diethyl-4-hydroxy-1H-pyrano[3¢,4¢:6,7]indolizino[1,2-b]quinoline-3,14(4H,12H)dione.
C22 H20 N2 O4
376.41
USP Endotoxin RS
1S (USP36)

BRIEFING
Isopropyl Alcohol, USP 35 page 3577. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Update the chemical name.
2.
Add an Identification test B, based on peak identification, that uses USP 2-Propanol
System Suitability RS in the Assay.
3.
The Assay is revised to replace the packed-column gas chromatography procedure with a
capillary-column procedure. The proposed procedure is based on analyses performed
with the Restek Rtx-1301 brand of G43 column. The typical retention time for isopropyl
alcohol is about 9 min.
4.
Add a test for Limit of Volatile Impurities. The GC procedure is based on that being used
in the Assay.
5.
A test for Water is added.
6.
Clarify the Packaging and Storage section.
7.
A new USP Reference Standard is added to the Assay and the test for Limit of Volatile
Impurities.
(EXC: H. Wang.)
Correspondence Number—C111447

Comment deadline: May 31, 2012
Isopropyl Alcohol
Change to read:
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60.10

2-Propanol;
Isopropyl alcohol
Isopropanol 1S (USP36)
[67-63-0].
DEFINITION
Isopropyl Alcohol contains NLT 99.0% of isopropyl alcohol (C3 H8 O).
IDENTIFICATION
• A. Infrared Absorption 197F
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to the 2-propanol
peak of the System suitability solution, as obtained in the Assay. 1S (USP36)
ASSAY
Change to read:
• Procedure
Sample: Isopropyl Alcohol
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Thermal conductivity
Column: 6.4-mm (OD) × 1.8-m stainless steel packed with 10% liquid phase G20 on
support S1A
Column temperature: 55
Carrier gas: Helium
Flow rate: 45 mL/min
Injection volume: 5 µL
Analysis
Sample: Sample
[Note—The relative retention times of some of the possible components, when present, are
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listed in Table 1. ]
Table 1
Relative
Retention
Name
Time
Air
0.09
Diethyl ether
0.14
Diisopropyl ether
0.17
Acetone
0.37
Isopropyl alcohol
1.00
2-Butanol 1.64
n-Propyl alcohol
1.86
Water
3.14
Calculate the percentage of isopropyl alcohol (C3 H8 O) in the Sample taken:
Result = (rU/rT) × 100
r=
U peak response of isopropyl alcohol
r=
T sum of all the peak responses
Acceptance criteria: NLT 99.0%
System suitability solution: USP 2-Propanol System Suitability RS
Sample solution: Isopropyl Alcohol (neat)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 60-m fused silica column, coated with a 1.4-µm film of phase G43
Temperatures
Detector: 200
Injection port: 150
Column: See Table 1.
Table 1
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
35
—
35
5
35
1
45
—
45
10
100
1
Carrier gas: Helium
Linear velocity: 35 cm/s
Injection volume: 1 µL
Injection type: Split injection; split ratio is about 50:1. [Note—A 4-mm straight liner is
suitable. ]
Run time: 22 min
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System suitability
Sample: System suitability solution [Note—See Table 2. ]
Table 2
Relative
Retention
Name
Time
Diethyl ether
0.7
Acetone
0.9
Isopropyl alcohol
1.0
Diisopropyl ether
1.4
n-Propyl alcohol (1-propanol)
1.5
2-Butanol
2.0
Suitability requirements
Resolution: NLT 1.5 between acetone and isopropyl alcohol
Relative standard deviation: NMT 2.0% for the isopropyl alcohol peak
Tailing factor: NMT 2.0 for the isopropyl alcohol peak
Signal-to-noise ratio: NLT 10 for any of the following peaks: ethyl ether, acetone,
isopropyl alcohol, diisopropyl ether, 1-propanol, and 2-butanol
Analysis
Sample: Sample solution
Calculate the percentage of isopropyl alcohol (C3 H8 O) in the portion of Isopropyl Alcohol
taken:
Result = (rU/rT) × 100
r=
U peak response of isopropyl alcohol
r=
T sum of all the peak responses
Acceptance criteria: NLT 99.0% 1S (USP36)

IMPURITIES
Add the following:
• Limit of Volatile Impurities
System suitability solution, Sample solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Analysis
Samples: System suitability solution and Sample solution
Identify each individual impurity peak in the Sample solution based on that in the System
suitability solution.
Calculate the percentage of each individual impurity in the portion of Isopropyl Alcohol
taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity in the Sample solution
r=
T sum of all the peaks in the Sample solution
Acceptance criteria: See Table 3.
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Table 3
Percentage
Impurity
(%)
Each individual NMT 0.1
Total
NMT 1.0
1S (USP36)

• Limit of Nonvolatile Residue
Sample: 50 mL
Analysis: Evaporate the Sample in a tared porcelain dish on a steam bath to dryness, and
heat at 105 for 1 h.
Acceptance criteria: NMT 2.5 mg (0.005%)
SPECIFIC TESTS
• Specific Gravity

841 : 0.783–0.787

• Refractive Index 831 : 1.376–1.378 at 20
• Acidity
Sample solution: To 50 mL of Isopropyl Alcohol add 100 mL of carbon dioxide-free water.
Analysis: To the Sample solution add 2 drops of phenolphthalein TS, and titrate with 0.020 N
sodium hydroxide to a pink color that persists for 30 s.
Acceptance criteria: NMT 0.70 mL of 0.020 N sodium hydroxide is required for neutralization.
Add the following:
• Water Determination, Method I
Sample: 5.0 g
Acceptance criteria: NMT 0.5%

921
1S (USP36)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, remote from heat.
Preserve in tight containers, and prevent exposure to excessive heat. Protect from light.
1S (USP36)

Change to read:
• USP Reference Standards 11
USP 2-Propanol RS
USP 2-Propanol System Suitability RS
It contains isopropyl alcohol with 0.1% each of ethyl ether, acetone, diisopropyl ether, 1propanol, and 2- butanol. 1S (USP36)
BRIEFING
Latanoprost. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analysis is proposed. The liquid chromatographic
procedures in the test for Organic Impurities and in the Assay are based on analyses
performed with the LiChrospher Si60 brand of L3 column. The typical retention time for
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latanoprost is about 25 min. The liquid chromatographic procedure in the test for Limit of
Latanoprost Related Compound E is based on analyses performed with the Hypersil BDS C18
brand of L1 column. The typical retention time for latanoprost related compound E is about 9
min.
(SM3: F. Mao.)
Correspondence Number—C101815

Comment deadline: May 31, 2012
Add the following:
Latanoprost

C26 H40 O5

432.59

5-Heptenoic acid, 7-[3,5-dihydroxy-2-(3-hydroxy-5-phenylpentyl)cyclopentyl]-1-methylethyl
ester, [1R-[1 (Z),2 (R*),3 ,5 ]]-;
Isopropyl (Z)-7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]-5heptenoate.
[130209-82-4].
DEFINITION
Latanoprost contains NLT 94.0% and NMT 102.0% of latanoprost (C26 H40 O5 ), calculated on the
anhydrous and solvent-free basis.
[Caution—Wear protective glasses and gloves while handling the material. Avoid contact during
pregnancy or while nursing. ]
IDENTIFICATION
• A. Infrared Absorption 197F
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Hexane and dehydrated alcohol (94:6)
System suitability solution: 2.0 mg/mL of USP Latanoprost RS and 20 µg/mL of USP
Latanoprost Related Compound A RS prepared as follows. Transfer USP Latanoprost RS and
USP Latanoprost Related Compound A RS into a suitable volumetric flask, dissolve in
dehydrated alcohol equivalent to 20% of the final volume, and dilute with hexane to volume.
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Standard solution: 2.0 mg/mL of USP Latanoprost RS prepared as follows. Transfer USP
Latanoprost RS into a suitable volumetric flask, dissolve in dehydrated alcohol equivalent to
20% of the final volume, and dilute with hexane to volume.
Sample solution: 2.0 mg/mL of Latanoprost prepared as follows. Transfer Latanoprost into a
suitable volumetric flask, dissolve in dehydrated alcohol equivalent to 20% of the final
volume, and dilute with hexane to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 25-cm; 5-µm packing L3
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System Suitability Solution and Standard solution
[Note—The relative retention times for latanoprost and latanoprost related compound A are
1.0 and 1.1, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between latanoprost and latanoprost related compound A, System
Suitability Solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of latanoprost (C26 H40 O5 ) in the portion of Latanoprost taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Latanoprost RS in the Standard solution (mg/mL)
C=
U concentration of Latanoprost in the Sample solution (mg/mL)
Acceptance criteria: 94.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.3%
• Heavy Metals, Method II 231 : NMT 10 ppm
• Organic Impurities
Mobile phase, System suitability solution, Sample solution, and Chromatographic
system: Proceed as directed in the Assay.
Standard solution: 0.04 mg/mL of USP Latanoprost RS in a mixture of hexane and
dehydrated alcohol (80:20) prepared as follows. Transfer USP Latanoprost RS into a suitable
volumetric flask, dissolve in dehydrated alcohol equivalent to 20% of the final volume, and
dilute with hexane to volume.
System suitability
Samples: System suitability solution and Standard solution
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Suitability requirements
Resolution: NLT 2.0 between latanoprost and latanoprost related compound A, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Latanoprost taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of latanoprost from the Standard solution
C=
S concentration of latanoprost in the Standard solution (mg/mL)
C=
U concentration of Latanoprost in the Sample solution (mg/mL)
F= relative response factor for each individual impurity (see Table 1)
Acceptance criteria: See Table 1. Disregard any impurity peak less than 0.05%.
Table 1
Relative
Retention
Time
0.79
0.89
1.00
1.10
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
2.4
0.10
1.0
0.50
—
—
1.0
3.5
1.0
0.10

Name
Isopropyl diphenylphosphorylpentanoatea
Latanoprost related compound Bb
Latanoprost
Latanoprost related compound Ac
Any unspecified impurity
Sum of isopropyl diphenylphosphorylpentanoate
—
—
and all unspecified impurities
a Isopropyl 5-(diphenylphosphoryl)pentanoate.
b Isopropyl (Z)-7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-[(3S)-3-hydroxy-5phenylpentyl]cyclopentyl]-5-heptenoate.
c Isopropyl (E)-7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-[(3R)-3-hydroxy-5phenylpentyl]cyclopentyl]-5-heptenoate.
• Limit of Latanoprost Related Compound E
Solution A: Acetonitrile, phosphoric acid, and water (300:1:700)
Solution B: Acetonitrile, phosphoric acid, and water (800:1:200)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
9
100
0
10
0
100
15
0
100
16
100
0

0.30

PF 38(2): Mar.-Apr. 2012

244

21
100
0
Diluent: Acetonitrile and water (30:70)
Standard solution: 1.0 µg/mL of USP Latanoprost Related Compound E RS in Diluent
Sample solution: 1.0 mg/mL of Latanoprost in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.0-mm × 15-cm column; 5-µm packing L1
Column temperature: 60
Flow rate: 1.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of latanoprost related compound E in the portion of Latanoprost
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of latanoprost related compound E from the Sample solution
rS= peak area of latanoprost related compound E from the Standard solution
C=
S concentration of USP Latanoprost Related Compound E RS in the Standard solution
(mg/mL)
C=
U concentration of Latanoprost in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.10%
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL of Latanoprost in acetonitrile
Acceptance criteria: +31 to +38
• Water Determination, Method Ic 921
Sample solution: 100 mg/mL of Latanoprost in ethyl acetate
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and store in a
refrigerator.
• USP Reference Standards 11
USP Latanoprost RS
USP Latanoprost Related Compound A RS
Isopropyl (E)-7-[(1R,2R,3R,5S)-3,5-dihydroxy-2-[(3R)-3-hydroxy-5-

PF 38(2): Mar.-Apr. 2012

245

phenylpentyl]cyclopentyl]-5-heptenoate.
C26 H40 O5
432.59
USP Latanoprost Related Compound E RS
(Z)-7-[(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(3R)-3-hydroxy-5-phenylpentyl]cyclopentyl]-5heptenoic acid.
C23 H34 O5
390.51
1S (USP36)

BRIEFING
Levetiracetam Tablets, USP 35 page 3660. On the basis of comments received, it is proposed to
clarify Identification test A by including the maxima wavenumbers at which the Sample and
Standard preparations need to be compared. Minor editorial changes to be consistent with USP
monograph redesign initiative are also proposed.
(SM4: H. Ramanathan.)
Correspondence Number—C96681

Comment deadline: May 31, 2012
Levetiracetam Tablets
DEFINITION
Levetiracetam Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
levetiracetam (C8 H14 N2 O2 ).
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197K :
The IR absorption spectrum of the potassium bromide dispersion obtained for the sample
preparation exhibits maxima characteristic of levetiracetam, as compared to that of a similar
preparation of USP Levetiracetam RS, at the following wavenumbers: 1681, 1651, 1431,
1383, 704 cm-1. 1S (USP36)
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.4 g/L of monobasic potassium phosphate and 0.6 g/L of sodium 1-heptanesulfonate,
adjusted with phosphoric acid to a pH of 2.8
Mobile phase: Acetonitrile and Buffer (8:92)
Diluent: Acetonitrile and water (20:80)
Standard solution: 0.35 mg/mL of USP Levetiracetam RS in Diluent. Sonication may be used
to aid dissolution.
Sample solution: Nominally 0.4 mg/mL of levetiracetam from NLT 20 Tablets, finely crushed,
in Diluent. Sonication may be used to aid dissolution.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 4-µm packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levetiracetam (C8 H14 N2 O2 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
C=
U nominal concentration of levetiracetam in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Test 1 (RB 1-May-2011)

Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: See Table 1.
Table 1
Tablet Strength Time
(mg/Tablet)
(min)
250
15
500
15
750
15
1000
30
Buffer: 6.8 g/L of monobasic potassium phosphate, adjusted with dilute potassium hydroxide
to a pH of 5.6
Mobile phase: Acetonitrile and Buffer (15:85)
Standard solution: (L/1000) mg/mL in Medium, where L is the Tablet label claim, in mg
Sample solution: Pass a portion of the solution under test though a suitable filter of 0.45-
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µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Determine the percentage of the labeled amount of levetiracetam (C8 H14 N2 O2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 70% (Q) of the labeled amount of levetiracetam (C8 H14 N2 O2 ) in 15 min for
Tablets labeled to contain 250, or 500, or 750 mg; NLT 80% (Q) of the labeled amount of
levetiracetam (C8 H14 N2 O2 ) in 30 min for Tablets labeled to contain 1000 mg
Test 2: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 2.
Medium: Water; 900 mL, deaerate, if necessary
Apparatus 2: 50 rpm
Time: 15 min
Buffer: 1.36 g/L of monobasic potassium phosphate, adjusted with 10% potassium
hydroxide to a pH of 5.0
Mobile phase: Acetonitrile and Buffer (10:90)
Standard solution: 54 µg/mL of USP Levetiracetam RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
an aliquot with Medium to obtain a concentration similar to that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Determine the percentage of the labeled amount of levetiracetam (C8 H14 N2 O2 ) dissolved:
Result = (rU/rS) × (CS/L) × D × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
D= dilution factor of the Sample solution
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of levetiracetam (C8 H14 N2 O2 ) is
dissolved.
Test 3: If the product complies with this test, the labeling indicates that the product meets
USP Dissolution Test 3.
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Buffer, Mobile phase, Standard solution, Sample solution, Chromatographic system,
System suitability, and Analysis: Proceed as directed for Test 1.
Tolerances: NLT 80% (Q) of the labeled amount of levetiracetam (C8 H14 N2 O2 ) is
dissolved.
(RB 1-May-2011)

• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Buffer: 6.8 g/L of monobasic potassium phosphate and 0.85 g/L of sodium 1heptanesulfonate, adjusted with phosphoric acid to a pH of 2.8
Mobile phase: Acetonitrile and Buffer (5:95)
System suitability solution: 3.6 µg/mL of USP Levetiracetam RS and 3.6 µg/mL of USP
Levetiracetam Related Compound B RS in Mobile phase
Standard solution: 3.6 µg/mL of USP Levetiracetam RS in Mobile phase
Sample solution: Equivalent to 1.2 mg/mL of levetiracetam from NLT 20 Tablets, finely
crushed, in Mobile phase. [Note—Sonicate if necessary, and centrifuge the solution before
passing through a suitable filter. ]
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 4-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between levetiracetam related compound B and levetiracetam,
System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) ×100
rU= peak response of each impurity from the Sample solution
rS= peak response of levetiracetam from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
C=
U nominal concentration of levetiracetam in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.

Name

Table 2
Relative
Retention
Time

Relative
Response
Factor
—
—
—

Acceptance
Criteria,
NMT (%)
—
—
—

Levetiracetam related compound Ba,b
0.54
Levetiracetam
1.0
a
,
c
Levetiracetam related compound A
1.7
d
Levetiracetam acid
2.1
0.79
0.3
Any individual unspecified impurity
degradation product 1S (USP36)
—
1.0
0.1
Total impurities
—
—
0.6
a These impurities are listed for information only; they are process impurities, which are
controlled in the drug substance.
b (S)-2-Aminobutanamide.
c (S)-N-(1-Amino-1-oxobutan-2-yl)-4-chlorobutanamide.
d (S)-2-(2-Oxopyrrolidine-1-yl)butanoic acid.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
Add the following:
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used. (RB 1-May-2011)
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• USP Reference Standards 11
USP Levetiracetam RS
USP Levetiracetam Related Compound B RS
(S)-2-Aminobutanamide.
C4 H10 N2 O
102.13
BRIEFING
Lopinavir and Ritonavir Tablets. Because there is no existing USP monograph for this dosage
form, a new monograph based on submitted validation data is being proposed. The liquid
chromatographic procedures in the Assay and the test for Organic Impurities are based on the
BDS Hypersil C8 brand of L7 and YMC Pack C4 brand of L26 packing, respectively. The typical
retention times are about 24 min for ritonavir and about 30 min for lopinavir in the Assay. The
chromatographic procedure in the Dissolution test was validated using the CSC Nucleosil C18
brand of L1 packing.
(SM1: B. Davani.)
Correspondence Number—C91528

Comment deadline: May 31, 2012
Add the following:
Lopinavir and Ritonavir Tablets
DEFINITION
Lopinavir and Ritonavir Tablets contain NLT 90.0% and NMT 110.0% of the labeled amounts of
lopinavir (C37 H48 N4 O5 ) and ritonavir (C37 H48 N6 O5 S2 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Lopinavir and Ritonavir
Buffer 1: 4.1 g/L of monobasic potassium phosphate in water
Solution A: Acetonitrile and Buffer 1 (50:50)
Buffer 2: 2.1 g/L of monobasic potassium phosphate in water
Solution B: Acetonitrile and 1-butanol (13:3)
Solution C: Acetonitrile, 1-butanol, Buffer 1, and water (65:15:10:10)
Standard solution: 6.25 µg/mL of USP Ritonavir RS and 25 µg/mL of USP Lopinavir RS in
Solution A
Sample solution: Place a number of Tablets equivalent to 1000 mg of lopinavir and 250 mg of
ritonavir in a 250-mL volumetric flask, add 25 mL of Buffer 2, and agitate to dissolve the
Tablet coating, if necessary. Add 100 mL of Solution B, and shake mechanically until the
Tablets are dissolved. Dilute with Solution C to volume. Centrifuge a portion of this solution,
and then further dilute with Solution A to a nominal concentration of 6.25 µg/mL of ritonavir
and 25 µg/mL of lopinavir.
Mobile phase: Acetonitrile, methanol, tetrahydrofuran, and Buffer 1 (175:100:100:625)
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The elution order is ritonavir, then lopinavir. ]
Suitability requirements
Capacity factor: 15–24 for the ritonavir peak
Tailing factor: 0.8–1.2 for the ritonavir peak
Theoretical plates: More than 5000 for the ritonavir peak
Relative standard deviation: NMT 2.0% for the ritonavir and lopinavir peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lopinavir (C37 H48 N4 O5 ) and ritonavir
(C37 H48 N6 O5 S2 ) in the portion of Tables taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of lopinavir or ritonavir from the Sample solution
rS= peak response of lopinavir or ritonavir from the Standard solution
C=
S concentration of lopinavir or ritonavir in the Standard solution (µg/mL)
C=
U nominal concentration of lopinavir or ritonavir in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amounts of lopinavir (C37 H48 N4 O5 ) and
ritonavir (C37 H48 N6 O5 S2 )
PERFORMANCE TESTS
• Dissolution 711
Medium: 60 mM polyoxyethylene 10 lauryl ether (37.56 g/L) in water; 900 mL
Apparatus 2: 75 rpm
Time: 90 min
Mobile phase: Acetonitrile and 4.1 g/L potassium phosphate monobasic (55:45). Adjust with
phosphoric acid to an apparent pH of 4.0 ± 0.05.
Standard solution: Dissolve USP Lopinavir RS in methanol to obtain a solution containing 2.6
mg/mL. Dissolve USP Ritonavir RS in methanol to obtain a solution containing 1.3 mg/mL.
Combine portions of these solutions to make a solution containing approximately 0.104
mg/mL of lopinavir and 0.026 mg/mL of ritonavir in Medium.
Sample solutions: Pass a portion of the solution under test through a suitable filter of 0.45µm pore size. If necessary, dilute the solution with Medium to obtain a final sample solution
containing approximately 0.104 mg/mL of lopinavir and 0.026 mg/mL of ritonavir.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between lopinavir and ritonavir
Tailing factor: 0.9–1.5 for the lopinavir and ritonavir peaks
Relative standard deviation: NMT 2.0% for the lopinavir and ritonavir peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lopinavir (C37 H48 N4 O5 ) and ritonavir (C37 H48 N6 O5 S2 ) dissolved:
Result = (rU/rS) × (CS/L) × D × V × 100
rU= peak response of lopinavir or ritonavir from the Sample solution
rS= peak response of lopinavir or ritonavir from the Standard solution
C=
S concentration of USP Lopinavir RS or USP Ritonavir RS in the Standard solution (mg/mL)
L= Tablet label claim for lopinavir or ritonavir (mg)
D= dilution factor of the Sample solution
V= volume of Medium, 900 mL
Tolerances: NLT 80.0% (Q) of the labeled amounts of lopinavir (C37 H48 N4 O5 ) and ritonavir
(C37 H48 N6 O5 S2 ) are dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer 1: 4.1 g/L of monobasic potassium phosphate in water
Solution A: Buffer 1 and acetonitrile (50:50)
Buffer 2: 2.1 g/L of monobasic potassium phosphate in water
Solution B: Acetonitrile, 1-butanol, and Buffer 1 (15:5:80)
Solution C: Acetonitrile, 1-butanol, Buffer 1, and water (65:15:10:10)
Solution D: Acetonitrile and 1-butanol (13:3)
Buffer solution: 3.8 g/L of monobasic potassium phosphate and 0.25 g/L of dibasic potassium
phosphate in water
Mobile phase: Acetonitrile, tetrahydrofuran,1-butanol, and Buffer solution (18:8:5:69).
Adjust with 1 M phosphoric acid or 1 M potassium hydroxide, if necessary, to a pH of 6.3 ±
0.1.
Standard stock solution: 0.025 mg/mL of USP Ritonavir RS in Solution A
Standard solution: 2.5 µg/mL of USP Ritonavir RS in Solution B from Standard stock solution
Ritonavir degradant identification solution: Transfer two 5.0 mL portions of a 1 mg/mL
solution of USP Ritonavir RS in Solution A to separate 50-mL volumetric flasks. Add 1 g of
citric acid to one flask, and shake until dissolved. Heat both flasks at 80 for approximately
24 h. Cool the flasks, and add 13 mL of 1 N sodium hydroxide to the flask containing the
citric acid. Dilute both flasks with Solution B to volume. Combine equal volumes of both
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solutions. This solution contains ritonavir and the ritonavir degradation products (Ndeacylvaline ritonavir, hydantoin aminoalcohol, O-acyl isomer, and oxazolidinone derivative).
Ritonavir related compounds identification solution: 1 mg/mL of USP Ritonavir Related
Compounds Mixture RS dissolved in Solution C and further diluted with Solution B to 0.5
mg/mL.
Sample solution: Place a number of Tablets equivalent to 1000 mg of lopinavir and 250 mg of
ritonavir into a 250-mL volumetric flask. Add 25 mL of Buffer 2, and agitate to dissolve the
Tablet coating, if necessary. Add 100 mL of Solution D, and shake mechanically until the
Tablets are dissolved. Dilute with Solution C to volume. Centrifuge a portion of this solution,
and further dilute with Solution B to a concentration of 2 mg/mL of lopinavir and 0.5 mg/mL
of ritonavir.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Column: 4.6-mm × 15-cm; 3-µm packing L26
Column temperature: 60
Detector: UV 240 nm
Injection volume: 50 µL
Flow rate: 1.0 mL/min
System suitability
Samples: Ritonavir degradant identification solution, Ritonavir related compounds
identification solution, and Standard solution
Suitability requirements
Resolution: NLT 1.0 between the peaks for O-acyl isomer and oxazolidinone derivative,
Ritonavir degradant identification solution. NLT 0.7 between the peaks for hydroxyritonavir
and hydantoin aminoalcohol, Ritonavir related compounds identification solution
Capacity factor: NLT 10.8, Standard solution
Tailing factor: 0.8–1.2, Standard solution
Column efficiency: NLT 5000, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each ritonavir degradation product in the Sample solution:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of individual degradation product from the Sample solution
rS= peak response of ritonavir from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (mg/mL)
F= relative response factor
Acceptance criteria: See Table 1.
[Note—Disregard all peaks eluting before the retention time of the N-deacylvaline ritonavir
peak from the Ritonavir degradant identification solution. ]
Table 1
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Name
N-Deacylvaline ritonavira
Acetamidoalcoholb
2,5-Thiazolylmethyldicarbamatec
Hydroxyritonavird
Hydantoin aminoalcohole
Ritonavir hydroperoxidef
Hydantoin-oxazolidinone derivativeg
Ethyl analogh
O-Acyl isomeri
BOC-aminoalcoholj
Isobutoxycarbonyl aminoalcoholk
Oxazolidinone derivativel
Ureidovaline isobutyl esterm
Ritonavir
4-Hydroxy isomern
3R-Epimero
Aminoalcohol urea derivativep
3R,5R-Epimerq
5R-Epimerr
Diacyl valine ureas
Any unspecified impurity
Total impurities

Relative
Retention
0.11
0.15
0.24
0.36
0.39
0.44
0.50
0.64
0.74
0.81
0.81
0.87
0.94
1.0
1.05
1.11
1.14
1.23
1.32
1.70
—
—

Relative
Response
Factor
0.81
—
—
0.86
0.73
0.88
—
—
1.1
—
—
0.53
—
—
—
—
—
—
—
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.2
—*
—*
0.3
2.6
0.2
—*
—*
0.2
—*
—*
0.3
—*
—*
—*
—*
—*
—*
—*
—*
0.2**
3.5 **
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a Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-amino-3-methylbutanamido]-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
b Thiazol-5-ylmethyl (2S,3S,5S)-5-acetamido-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
c Bis(thiazol-5-ylmethyl) (2S,3S,5S)-3-hydroxy-1,6-diphenylhexane-2,5-diyldicarbamate.
d Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-2-(3-{[2-(2-hydroxypropan-2-yl)thiazol4-yl]methyl}-3-methylureido)-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
e Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1-yl]1,6-diphenylhexan-2-ylcarbamate.
f Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-(3-{[2-(2-hydroperoxypropan-2-yl)thiazol-4yl]methyl}-3-methylureido)-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
g (4S,5S)-Thiazol-5-ylmethyl 4-benzyl-5-{(S)-2-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1-yl]3-phenylpropyl}-2-oxooxazolidine-3-carboxylate.
h Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3-methylureido}3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
i (S)-{(2S,3S,5S)-5-Amino-1,6-diphenyl-2-[(thiazol-5-ylmethoxy)carbonylamino]hexan-3-yl}
2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate.
j Thiazol-5-ylmethyl (2S,3S,5S)-( 5-t-butoxycarbonylamino)-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
k Thiazol-5-ylmethyl (2S,3S,5S)-( 5-isobutoxycarbonylamino)-3-hydroxy-1,6-diphenylhexan2-ylcarbamate.
l (S)-N-[(S)-1-[(4S,5S)-4-Benzyl-2-oxooxazolidin-5-yl]-3-phenylpropan-2-yl]-2-{3-[(2isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanamide.
m (S)-Isobutyl 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate.
n Thiazol-5-ylmethyl (2S,4S,5S)-4-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
o Thiazol-5-ylmethyl (2S,3R,5S)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
p Bis(thiazol-5-ylmethyl) (2S,2'S,3S,3'S,5S,5'S)-5,5'-carbonylbis(azanediyl)bis(3-hydroxy-1,6diphenylhexane-5,2-diyl)dicarbamate.
q Thiazol-5-ylmethyl (2S,3R,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
r Thiazol-5-ylmethyl (2S,3S,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate
s (3S,4S,6S,10S,13S,15S,16S)-Bis(thiazol-5-ylmethyl)-4,15-dihydroxy-10-isopropyl-8,11dioxo-3,6,13,16-tetrabenzyl-2,7,9,12,17-pentaazaoctadecanedioate.
* Process impurities; for information only.
** Disregard any peak less than 0.05%.

ADDITIONAL REQUIREMENTS
• USP Reference Standards 11
USP Lopinavir RS
USP Ritonavir RS
USP Ritonavir Related Compounds Mixture RS
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1S (USP36)

BRIEFING
Lorazepam Oral Concentrate, USP 35 page 3719. On the basis of comments and supporting
data received, it is proposed to update the relative retention times listed in the test for
Organic Impurities.
(SM4: H. Ramanathan, H. Joyce.)
Correspondence Number—C92989

Comment deadline: May 31, 2012
Lorazepam Oral Concentrate
DEFINITION
Lorazepam Oral Concentrate contains NLT 90.0% and NMT 110.0% of the labeled amount of
lorazepam (C15 H10 Cl2 N2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, glacial acetic acid, and water (45: 0.2: 55)
Standard solution: 0.05 mg/mL of USP Lorazepam RS in methanol
System suitability solution: 0.1 mg/mL each of USP Lorazepam RS and USP Lorazepam
Related Compound E RS in methanol
Sample solution: Nominally 0.05 mg/mL of lorazepam prepared as follows. Transfer a suitable
volume of Oral Concentrate to a volumetric flask, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for lorazepam and lorazepam related compound E are 0.6
and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between lorazepam and lorazepam related compound E, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of lorazepam (C15 H10 Cl2 N2 O2 ) in the portion of Oral Concentrate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lorazepam RS in the Standard solution (mg/mL)
C=
U nominal concentration of lorazepam in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
Change to read:
• Organic Impurities
Mobile phase: Methanol and 0.05 M monobasic ammonium phosphate (64:36)
Diluent: Methanol and 0.05 M monobasic ammonium phosphate (50:50). Adjust with
ammonium hydroxide to a pH of 6.5.
Standard stock solution: 1.0 mg/mL USP Lorazepam RS in methanol
Standard solution 1: 0.16 µg/mL of lorazepam from the Standard stock solution in Diluent
Standard solution 2: 0.16 µg/mL of USP Lorazepam Related Compound B RS, and 3.2 µg/mL
each of USP Lorazepam Related Compound C RS and USP Lorazepam Related Compound D RS
in Mobile phase
System suitability solution: 0.04 mg/mL of USP Lorazepam RS, and 0.032 mg/mL each of
USP Lorazepam Related Compound C RS and USP Lorazepam Related Compound D RS in
Diluent
Sample solution: Nominally 0.16 mg/mL of lorazepam prepared as follows. Transfer a suitable
volume of Oral Concentrate to a volumetric flask, and dilute with Mobile phase to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 10- to 15-cm; packing L1
Flow rate: 0.7 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution 1
Suitability requirements
Resolution: NLT 1.2 between lorazepam related compound D and lorazepam; NLT 1.2
between lorazepam and lorazepam related compound C, System suitability solution
Relative standard deviation: NMT 2.0% for lorazepam, Standard solution 1
Analysis
Samples: Standard solution 2 and Sample solution
[Note—Disregard peaks eluting prior to lorazepam related compound D. ]
Calculate the percentage of lorazepam related compound B, lorazepam related compound C,
and lorazepam related compound D in the portion of Oral Concentrate taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of lorazepam related compound B, lorazepam related compound C, or
lorazepam related compound D from the Sample solution
rS= peak response of the corresponding related compound from Standard solution 2
C=
S concentration of the corresponding related compound in Standard solution 2 (mg/mL)
C=
U nominal concentration of lorazepam in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.7
0.8 1S (USP36)
1.0
2.7
2.3 1S (USP36)
—
2.9 1S (USP36)

Name
Lorazepam related compound D
Lorazepam
Lorazepam related compound C

Acceptance
Criteria,
NMT (%)
4.0a
—
4.0a

Lorazepam related compound B
0.1
a Includes the sum of lorazepam related compound C and lorazepam related compound D.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards 11
USP Lorazepam RS
USP Lorazepam Related Compound B RS
2-Amino-2¢,5-dichlorobenzophenone.
C13 H9 ClNO
266.13
USP Lorazepam Related Compound C RS
6-Chloro-4-(o-chlorophenyl)-2-quinazolinecarboxaldehyde.
C15 H8 Cl2 N2 O
303.15
USP Lorazepam Related Compound D RS
6-Chloro-4-(o-chlorophenyl)-2-quinazolinecarboxylic acid.
C15 H8 Cl2 N2 O2
319.15
USP Lorazepam Related Compound E RS
6-Chloro-4-(o-chlorophenyl)-2-quinazoline methanol.
C15 H10 Cl2 N2 O
305.16
BRIEFING
Memantine Hydrochloride. Because there is no existing USP monograph for this drug substance,
a new monograph based on validated methods of analysis is proposed. The gas
chromatographic procedure in the Assay and in the Organic Impurities procedure is based on
analyses performed with the HP-Ultra-2 brand of 0.32-mm × 50-m, 0.52-µm column containing
G27 packing. The typical retention time for memantine is about 18 min.
(SM4: H. Ramanathan.)
Correspondence Number—C92117

Comment deadline: May 31, 2012
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Add the following:
Memantine Hydrochloride

C12 H21 N·HCl

215.76

Tricyclo[3.3.1.13,7]decan-1-amine, 3,5-dimethyl-, hydrochloride;
1-Amino-3,5-dimethyladamantane hydrochloride
[41100-52-1].
DEFINITION
Memantine Hydrochloride contains NLT 98.0% and NMT 102.0% of memantine hydrochloride
(C12 H21 N·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• C. Identification Tests— General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Internal standard solution: 4.0 mg/mL of adamantane in n-hexane
Standard solution: 4.0 mg/mL of USP Memantine Hydrochloride RS in Internal standard
solution prepared as follows. Transfer 100 mg of Standard to a 50-mL centrifuge tube. Add
15 mL of 1 N sodium hydroxide, and mix. Add 25 mL of Internal standard solution, and shake
for 15 min. Allow the layers to separate, and filter a portion of the top hexane layer through
anhydrous sodium sulfate. Use the clear filtrate.
Sample solution: 4.0 mg/mL of Memantine Hydrochloride in Internal standard solution
prepared as follows. Transfer 100 mg of Memantine Hydrochloride to a 50-mL centrifuge
tube. Add 15 mL of 1 N sodium hydroxide, and mix. Add 25 mL of Internal standard solution,
and shake for 15 min. Allow the layers to separate, and filter a portion of the top hexane
layer through anhydrous sodium sulfate. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 50-m × 0.32-mm; 0.52-µm packing G27
Temperature
Column: See Table 1.
Table 1
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Initial
Temperature
Temperature
Ramp
( )
( /min)
50
5
145
10

Final
Temperature
( )
145
250

Hold Time
at Final
Temperature
(min)
0
20

Injection port: 220
Detector: 300
Carrier gas: Helium
Flow rate: 4.0 ± 0.4 mL/min
Injection volume: 1 µL
Split ratio: 1:50
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 each for memantine and adamantane
Relative standard deviation: NMT 2.0% each for memantine and adamantane
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of memantine hydrochloride (C12 H21 N·HCl) in the portion of
Memantine Hydrochloride taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of memantine to the internal standard from the Sample solution
R=
S peak response ratio of memantine to the internal standard from the Standard solution
C=
S concentration of USP Memantine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Memantine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Heavy Metals, Method II,

231 : NMT 10 ppm

• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Standard stock solution A: 2.5 mg/mL each of USP Memantine Related Compound A RS, USP
Memantine Related Compound B RS, USP Memantine Related Compound C RS, USP Memantine
Related Compound D RS, and USP Memantine Related Compound E RS in n-hexane
Standard stock solution B: 2.5 mg/mL of USP Memantine Hydrochloride RS prepared as
follows. To the flask containing a weighed amount of the Standard, add 5.0 N sodium
hydroxide to fill 20% of final volume and n-hexane to fill 20% of final volume. Shake for 10
min, and transfer the contents to a separator. Allow the layers to separate, filter a portion
of the top hexane layer, dry the organic layer by swirling with anhydrous sodium sulfate, and
allow to stand for a few minutes to ensure all the remaining water has been removed. Use
the clear filtrate.
System suitability solution: 25 µg/mL each of USP Memantine Related Compound A RS, USP
Memantine Related Compound B RS, USP Memantine Related Compound C RS, USP Memantine
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Related Compound D RS, and USP Memantine Related Compound E RS, from Standard stock
solution A in Standard stock solution B. The concentration of USP Memantine Hydrochloride
RS is 2.5 mg/mL. [Note—Memantine related compounds D and E are used for identification
purposes only. ]
Standard solution: 25 µg/mL each of USP Memantine Related Compound A RS, USP
Memantine Related Compound B RS, USP Memantine Related Compound C RS, USP Memantine
Related Compound D RS, USP Memantine Related Compound E RS, and USP Memantine
Hydrochloride RS, from Standard stock solution A and Standard stock solution B,
respectively, in n-hexane
Sample solution: 25 mg/mL of Memantine Hydrochloride prepared as follows. Transfer the
weighed amount of Memantine Hydrochloride to a suitable volumetric flask. Add 5.0 N sodium
hydroxide to fill 30% of final volume and n-hexane to fill 40% of final volume. Shake for 10
min, and transfer the contents to a separator. Allow the layers to separate, filter a portion
of the top hexane layer, dry the organic layer by swirling with anhydrous sodium sulfate, and
allow to stand for a few minutes to ensure all the remaining water has been removed. Use
the clear filtrate.
Chromatographic system: Proceed as directed in the Assay.
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for relative retention times. ]
Suitability requirements
Resolution: NLT 6.0 between memantine and memantine related compound B; NLT 2.0
between memantine related compound B and memantine related compound C, System
suitability solution
Tailing factor: NMT 2.0 for memantine, Standard solution
Relative standard deviation: NMT 5.0% for memantine, Standard solution
Analysis
Samples: Standard solution and Sample solution
[Note—Ignore the peaks at the relative retention times 0.11, 0.12, 0.13, 0.18, and 0.26 with
respect to the memantine peak, as they correspond to residual solvents. ]
Calculate the percentage of each of memantine related compounds A, B, C, D, and E in the
portion of Memantine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of memantine related compounds A, B, C, D, or E from the Sample solution
rS= peak response of the corresponding USP Memantine Related Compound RS from the
Standard solution
C=
S concentration of the corresponding USP Memantine Related Compound RS in the Standard
solution (mg/mL)
C=
U concentration of Memantine Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Memantine Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other impurity from the Sample solution
rS= peak response of memantine hydrochloride from the Standard solution
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C=
S concentration of USP Memantine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Memantine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Memantine related compound A
0.77
0.15
Memantine
1.0
—
Memantine related compound B
1.03
0.15
Memantine related compound C
1.07
0.15
Memantine related compound D
1.19
0.15
Memantine related compound E
1.44
0.15
Any individual unspecified impurity
—
0.10
Total impurities
—
0.50
SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards 11
USP Memantine Hydrochloride RS
USP Memantine Related Compound A RS
1,3-Dimethyladamantane.
C12 H20
164.29
USP Memantine Related Compound B RS
3,5-Dimethyladamantane-1-ol.
C12 H20 O
180.29
USP Memantine Related Compound C RS
1-Chloro-3,5-dimethyladamantane.
C12 H19 Cl
198.73
USP Memantine Related Compound D RS
1-Bromo-3,5-dimethyladamantane.
C12 H19 Br
243.18
USP Memantine Related Compound E RS
N-3,5-Dimethyladamantan-1-yl formamide.
C13 H21 NO
207.31
1S (USP36)

BRIEFING
Mitotane, USP 35 page 3937. As part of the USP monograph modernization effort, the following
revisions, based on validated methods of analyses, are proposed:
1.
The first chemical name of mitotane is revised.
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2.
The nonspecific UV Assay procedure is replaced with a stability-indicating HPLC procedure.
3.
The current UV test for Identification test B is replaced with a retention time agreement
based on the Assay.
4.
The test for Melting Range or Temperature is deleted.
5.
On the basis of comments received that mitotane may sublime under the Loss on Drying
conditions, the current test for Loss on Drying

731

is replaced with a Water

Determination 921 test. The limit for this test will remain unchanged. The Definition
is revised to reflect this test.
The chromatographic procedure for the Assay is based on analyses performed with an Inertsil
ODS-3V brand of L1 column. The typical retention time for mitotane is about 19 min. Waters
Atlantis dC18 and Zorbax SB C18 brands of L1 columns are also found suitable, with typical
retention times for mitotane of about 15 min and 13 min, respectively.
(SM3: A. Martin-Esker, F. Mao, M. Puderbaugh.)
Correspondence Number—C63814

Comment deadline: May 31, 2012
Mitotane
Change to read:

C14 H10 Cl4

320.04

Benzene, 1-chloro-2-[2,2-dichloro-1-(4-chlorophenyl)ethyl]-, (±)-;
(RS)-; 1S (USP36)

(±)-1,1-Dichloro-2-(o-chlorophenyl)-2-(p-chlorophenyl)ethane

[53-19-0].

DEFINITION
Change to read:
Mitotane contains NLT 97.0% and NMT 103.0% of mitotane (C14 H10 Cl4 ), calculated on the dried
anhydrous 1S (USP36)
basis.
[Caution—Handle Mitotane with exceptional care, because it is a highly potent agent. ]
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IDENTIFICATION
• A. Infrared Absorption 197M
Delete the following:
• B. Ultraviolet Absorption 197U
Sample solution: 200 µg/mL in methanol
Acceptance criteria: Meet the requirements

1S (USP36)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
ASSAY
Change to read:
• Procedure
Standard solution: 200 µg/mL of USP Mitotane RS in methanol
Sample solution: 200 µg/mL of Mitotane in methanol
Spectrometric conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV-Vis
Analytical wavelength: Maximum at about 268 nm
Cell: 1-cm
Blank: Methanol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mitotane (C14 H10 Cl4 ) in the portion of Mitotane taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Mitotane RS in the Standard solution (µg/mL)
C=
U concentration of Mitotane in the Sample solution (µg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
Buffer: 1.38 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 2.5.
Mobile phase: Acetonitrile and Buffer (75:25)
System suitability solution: 0.2 mg/mL of USP Mitotane RS and 0.2 mg/mL of the p,p¢isomer of mitotane in Mobile phase. [Note—The p,p¢-isomer of mitotane is 1,1-dichloro2,2-bis(p-chlorophenyl)ethane known as p,p¢-DDD. ]
Standard solution: 0.2 mg/mL of USP Mitotane RS in Mobile phase
Sample solution: 0.2 mg/mL of Mitotane in Mobile phase. [Note—Inject within 48 h of
preparation. ]
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for the p,p¢-isomer of mitotane and mitotane are about
0.92 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 1.5 between the p,p¢-isomer of mitotane and mitotane, System
suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mitotane (C14 H10 Cl4 ) in the portion of Mitotane taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the USP Mitotane RS in the Standard solution (mg/mL)
C=
U concentration of the Mitotane in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the anhydrous basis 1S (USP36)

IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 75 –81

1S (USP36)

Delete the following:
• Loss on Drying 731 :
Analysis: Dry in a vacuum at 60 for 2 h
Acceptance criteria: NMT 0.5% 1S (USP36)
Add the following:
• Water Determination, Method Ia

921 : NMT 0.5%

1S (USP36)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Mitotane RS

11

PF 38(2): Mar.-Apr. 2012

266

BRIEFING
Oxaliplatin, USP 35 page 4143. On the basis of comments received, it is proposed to revise the
determination for oxaliplatin related compound D in of Organic Impurities, Procedure 3. In the
current official monograph, the calibration curve is plotted using the peak response ratios of
oxaliplatin related compound D to oxaliplatin on the y-axis, and the concentrations of
oxaliplatin related compound D on the x-axis. That adds a bias in the determination by varying
the sample weight. The bias is eliminated by changing the concentration of oxaliplatin related
compound D to the concentration ratio of oxaliplatin related compound D to the sum of
oxaliplatin and oxaliplatin related compound D. The Oxaliplatin blank solution is also added to
eliminate the oxaliplatin related compound D peak area from USP Oxaliplatin RS in the Standard
solutions.
(SM3: F. Mao.)
Correspondence Number—C92288

Comment deadline: May 31, 2012
Oxaliplatin

C8 H14 N2 O4 Pt

397.29

[SP-4-2-(1R-trans)]-(1,2-Cyclohexanediamine-N,N¢)[ethanedioato(2-)-O,O¢]platinum;
cis-[(1R,2R)-1,2-Cyclohexanediamine-N,N¢][oxalato(2-)-O,O¢]platinum [61825-94-3].
DEFINITION
Oxaliplatin contains NLT 98.0% and NMT 102.0% of oxaliplatin (C8 H14 N2 O4 Pt), calculated on the
dried basis. [Caution—Great care should be taken in handling Oxaliplatin, because it is a
potentially cytotoxic agent. ]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Use vigorous shaking and very brief sonication to dissolve the substance to be examined.
Inject the Sample solution within 20 min of preparation. Polypropylene HPLC autosampler vials
should be used. ]
Buffer: Weigh 2.72 g of monobasic potassium phosphate (anhydrous) and 1.80 g of 1-
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pentanesulfonic acid sodium salt into a suitable container. Add 2000 mL of water, and mix
well to completely dissolve all solids. Transfer 0.5 mL of triethylamine to the buffer solution,
and mix thoroughly. Adjust the solution by dropwise addition of phosphoric acid to a pH of
4.30 ± 0.05.
Mobile phase: Methanol and Buffer (3:17)
Oxaliplatin standard stock solution: 0.5 mg/mL of USP Oxaliplatin RS in water
Oxaliplatin related compound B standard stock solution: Transfer USP Oxaliplatin Related
Compound B RS to a suitable volumetric flask, add 25% of the final volume of methanol, and
sonicate for approximately 2 min to disperse the solids. Add approximately 65% of the final
volume of 0.001 M nitric acid, and sonicate for an additional 30 min to dissolve the solids.
Allow to cool if necessary. Dilute with 0.001 M nitric acid to volume, and mix to obtain a
solution having a known concentration of 0.125 mg/mL. [Note—USP Oxaliplatin Related
Compound B RS is converted to (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2diamine-N,N¢]platinum during preparation of this solution. ]
Oxaliplatin related compound C standard stock solution: 0.1 mg/mL of USP Oxaliplatin
Related Compound C RS in water
System suitability solution: 2 mg/mL of Oxaliplatin in 0.005 M sodium hydroxide. Allow this
solution to stand at room temperature for at least 5 days. Transfer 10 mL of this solution, 10
mL of Oxaliplatin related compound B standard stock solution, and 5 mL of Oxaliplatin related
compound C standard stock solution into a 100-mL volumetric flask, and dilute with water to
volume. [Note—The preparation of the System suitability solution forms
diaquodiaminocyclohexaneplatinum dimer. ]
Standard solution: 0.1 mg/mL of USP Oxaliplatin RS in water from Oxaliplatin standard stock
solution
Sample solution: 0.1 mg/mL of Oxaliplatin in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times, measured with respect to oxaliplatin, of oxaliplatin
related compound C, oxaliplatin related compound B, and
diaquodiaminocyclohexaneplatinum dimer are 0.8, 2.7, and 6, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between oxaliplatin and oxaliplatin related compound C, System
suitability solution
Tailing factor: Between 0.8 and 2.0 for oxaliplatin, System suitability solution
Relative standard deviation: NMT 2.0% for oxaliplatin, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxaliplatin (C8 H14 N2 O4 Pt) in the portion of Oxaliplatin taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Oxaliplatin RS in the Standard solution (mg/mL)
C=
U concentration of Oxaliplatin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Limit of Silver
Sample stock solution: Dissolve 100 mg of Oxaliplatin, weighed, in 50 mL of water to obtain
a solution having a concentration of 2 mg/mL.
Sample solution: 1 mg/mL of Oxaliplatin in 0.5 M nitric acid from the Sample stock solution
Standard stock solution: Dilute a commercially available silver nitrate atomic absorption
standard solution containing 1000 ppm of silver in 0.5 M nitric acid quantitatively, and
stepwise if necessary, with 0.5 M nitric acid to obtain a 10-ppb solution.
Standard solution 1: Mix 20 µL of the Sample stock solution and 8 µL of the Standard stock
solution, and dilute with 0.5 M nitric acid to 40 µL.
Standard solution 2: Mix 20 µL of the Sample stock solution and 16 µL of the Standard stock
solution, and dilute with 0.5 M nitric acid to 40 µL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer equipped with a silver hollow-cathode lamp
and graphite furnace
Analytical wavelength: Silver emission line of 328.1 nm
Blank: 0.5 M nitric acid
Analysis
Samples: Sample solution, Standard solution 1, and Standard solution 2
Plot the absorbances of the Sample solution, Standard solution 1, and Standard solution 2
versus their concentrations, in ppb, of silver, and draw the straight line best fitting the three
plotted points. The intercept on the x-axis of the extended regression line indicates the
silver concentration in the Sample solution.
Calculate the concentration of silver, in ppm, in the portion of Oxaliplatin taken:
Result = (C/W) × 100
C= absolute value of the intercept, in ppb of silver, on the x-axis
W
= weight of Oxaliplatin taken for the preparation of the Sample stock solution (mg)
Acceptance criteria: NMT 5 ppm
• Heavy Metals
Standard stock solution: Transfer 1 mL each of 1000-ppm standard solutions of cadmium,
chromium, copper, iron, nickel, and lead (commercially available) to a 100-mL volumetric
flask. Add 5 mL of nitric acid, and dilute with water to volume.
Internal standard solution: Transfer 1 mL of a 10,000-ppm standard solution of yttrium
(commercially available) to a 100-mL volumetric flask, and dilute with 5% nitric acid to
volume.
Standard solutions: Transfer 0.2, 2.0, and 20.0 mL of Standard stock solution to separate
100-mL volumetric flasks. Add 1.0 mL of Internal standard solution and 5.0 mL of nitric acid
to each flask, and dilute with water to volume. The concentrations of these solutions are
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0.02, 0.20, and 2.00 ppm, respectively.
Blank solution: Transfer 1.0 mL of Internal standard solution and 5.0 mL of nitric acid to a
100-mL volumetric flask, and dilute with water to volume.
Sample solution: Weigh 1 g of Oxaliplatin into a 100-mL volumetric flask, and add 80 mL of
water. Stir vigorously for several min with a magnetic stirrer until no more sample seems to
be dissolving. Add 5 mL of nitric acid, and mix again until the sample is completely dissolved.
Remove the stirrer bar from the flask, rinsing it before removal. Add 1.0 mL of the Internal
standard solution, and dilute with water to volume.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Measure the responses of the elements cadmium, chromium, copper, iron, nickel, lead, and
yttrium (internal standard), using an inductively coupled plasma–atomic optical emission
spectrometer (ICP–OES), by measuring the emissions at 226.502, 283.563, 327.395,
259.940, 221.648, 220.353, and 371.029 nm, respectively. Optimize the instrument settings
as directed by the manufacturer.
System suitability
Before samples are analyzed, the instrument must pass a suitable performance check.
Generate the calibration curve, using the Blank solution and the Standard solutions, and run
these solutions in the following order: the Blank solution, then the 0.02-, 0.20-, and 2.00ppm Standard solutions. The linear regression coefficient is NLT 0.99; the response of the
Blank solution is between 5.0 and 5.0 ppb for each element; and the responses of yttrium
obtained from the Standard solutions are drifted by NMT 5.0% of the response obtained from
the Blank solution. Run the 0.20-ppm Standard solution, and record the responses of each
element: the relative standard deviations for replicate runs are NMT 5.0%; and the recovery
against the calibration curve is between 95% and 105%. After samples are analyzed, the
instrument must pass the same suitable performance check to ensure that the calibration is
still valid.
Analysis
Sample: Sample solution
Record the responses of each element, and determine the concentration of each element,
using the calibration graph. Calculate the content of total elements, in ppm, in the portion of
Oxaliplatin taken:
Result = [(SCi)/W] × 100
C=i concentration of each element in the Sample solution (ppm)
W
= weight of Oxaliplatin taken to prepare the Sample solution (g)
Acceptance criteria: NMT 20 ppm
• Content of Platinum
Sample: Ignite an empty porcelain crucible fitted with a lid in a furnace at 800 for 30 min.
Cool in a desiccator, and weigh. Add 200 mg of the Oxaliplatin, weighed, to the crucible, and
ignite in a furnace by stepwise increments as follows. Introduce into the furnace, and
increase the temperature to 200 within 15 min, then to 400 within 15 min, then to 600
within 15 min, then finally to 800 within 15 min. Allow to remain in the furnace at 800 for
30 min. Remove, cool in a desiccator, and reweigh.
Calculate the percentage of platinum in the portion of Oxaliplatin taken:
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Result = (W2/W1) × 100
W=
2 weight of residue after ignition (mg)
W=
1 weight of oxaliplatin before ignition (mg)
Acceptance criteria: 48.1%–50.1% of the oxaliplatin taken, on the dried basis
• Organic Impurities, Procedure 1: Limit of Oxalic Acid
[Note—Use vigorous shaking and very brief sonication to dissolve the substance to be examined.
Inject the Sample solution within 20 min of preparation. Polypropylene HPLC autosampler vials
should be used. ]
Buffer: Add 1.36 g of potassium dihydrogen phosphate to 10 mL of 10% tetrabutylammonium
hydroxide in water, and dilute with water to 1000 mL. Adjust with phosphoric acid to a pH of
6.0.
Mobile phase: Acetonitrile and Buffer (1:4)
Standard stock solution: 0.06 mg/mL of USP Oxaliplatin Related Compound A RS in water
Standard solution: 15 µg/mL of USP Oxaliplatin Related Compound A RS in water from the
Standard stock solution
System suitability solution: 0.05 mg/mL of sodium nitrate in water. Transfer 2 mL of this
solution and 25 mL of the Standard stock solution to a 100-mL volumetric flask, and dilute
with water to volume.
Sensitivity solution: 1.5 µg/mL of USP Oxaliplatin Related Compound A RS in water from the
Standard solution
Sample solution: 2 mg/mL of Oxaliplatin in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution, System suitability solution, and Sensitivity solution
[Note—The elution order is sodium nitrate, followed by oxalic acid. ]
Suitability requirements
Resolution: NLT 2.0 between oxalic acid and sodium nitrate, System suitability solution
Relative standard deviation: NMT 3.0% for oxalic acid, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxalic acid in the portion of Oxaliplatin taken:
Result = (rU/rS) × (CS/(CU) × (Mr1/Mr2) × 100
rU= peak response of oxalic acid from the Sample solution
rS= peak response of oxalic acid from the Standard solution
CS= concentration of USP Oxaliplatin Related Compound A RS in the Standard solution (mg/mL)
CU= concentration of Oxaliplatin in the Sample solution (mg/mL)
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Mr1
= molecular weight of anhydrous oxalic acid, 90.03
Mr2
= molecular weight of USP Oxaliplatin Related Compound A RS, 126.07
Acceptance criteria: NMT 0.1%
• Organic Impurities, Procedure 2: Limit of (SP-4-2-)-Diaqua[(1R,2R)-cyclohexane-1,2diamine-N,N¢ ]platinum, Oxaliplatin Related Compound C, and Unspecified Impurities
[Note—Use vigorous shaking and very brief sonication to dissolve the substance to be examined.
Inject the Sample solution within 20 min of preparation. Polypropylene HPLC autosampler vials
should be used. ]
Mobile phase, Oxaliplatin standard stock solution, Oxaliplatin related compound B
standard stock solution, Oxaliplatin related compound C standard stock solution,
System suitability solution, and Chromatographic system: Proceed as directed in the
Assay.
Standard solution: 0.01 mg/mL of oxaliplatin, 0.01 mg/mL of oxaliplatin related compound B,
and 0.004 mg/mL of oxaliplatin related compound C in water from Oxaliplatin standard stock
solution, Oxaliplatin related compound B standard stock solution, and Oxaliplatin related
compound C standard stock solution, respectively
Sample solution: 2 mg/mL of Oxaliplatin in water
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between oxaliplatin and oxaliplatin related compound C, System
suitability solution
Tailing factor: Between 0.8 and 2.0 for oxaliplatin, System suitability solution
Relative standard deviation: NMT 3.0% for oxaliplatin, oxaliplatin related compound B,
and oxaliplatin related compound C, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N¢ ]platinum
in the portion of Oxaliplatin taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N¢ ]platinum from
the Sample solution
rS= peak response of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N¢ ]platinum from
the Standard solution
CS= concentration of USP Oxaliplatin Related Compound B RS in the Standard solution (mg/mL)
CU= concentration of Oxaliplatin in the Sample solution (mg/mL)
Mr1
= molecular weight of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N¢ ]platinum,
345.30
Mr2
= molecular weight of USP Oxaliplatin Related Compound B RS, 433.28
[Note—USP Oxaliplatin Related Compound B RS is converted to (SP-4-2)-diaqua[(1R,2R)cyclohexane-1,2-diamine-N,N¢ ]platinum in solution preparation. ]
Calculate the percentage of oxaliplatin related compound C in the portion of Oxaliplatin
taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of oxaliplatin related compound C from the Sample solution
rS= peak response of oxaliplatin related compound C from the Standard solution
C=
S concentration of USP Oxaliplatin Related Compound C RS in the Standard solution (mg/mL)
C=
U concentration of Oxaliplatin in the Sample solution (mg/mL)
Calculate the percentage of diaquodiaminocyclohexaneplatinum dimer in the portion of
Oxaliplatin taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response of diaquodiaminocyclohexaneplatinum dimer from the Sample solution
rS= peak response of oxaliplatin related compound B from the Standard solution
CS= concentration of USP Oxaliplatin Related Compound B RS in the Standard solution (mg/mL)
CU= concentration of Oxaliplatin in the Sample solution (mg/mL)
Mr1
= molecular weight of (SP-4-2)-diaqua[(1R,2R)-cyclohexane-1,2-diamine-N,N¢ ]platinum,
345.30
Mr2
= molecular weight of USP Oxaliplatin Related Compound B RS, 433.28
F = relative response factor for diaquodiaminocyclohexaneplatinum dimer, measured with
respect to USP Oxaliplatin Related Compound B RS, 2.5
Calculate the percentage of any other unspecified impurity in the portion of Oxaliplatin
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other unspecified impurity from the Sample solution
rS= peak response of oxaliplatin from the Standard solution
C=
S concentration of oxaliplatin in the Standard solution (mg/mL)
C=
U concentration of Oxaliplatin in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.8
1.0

Name
Oxaliplatin related compound C
Oxaliplatin
(SP-4-2)-Diaqua[(1R,2R)-cyclohexane-1,2diamine-N,N’]platinum
Diaquodiaminocyclohexaneplatinum dimer
Any individual unspecified impurity
Total impuritiesa
a Total impurities include oxalic acid (from Procedure

2.7
6
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
0.1
—
—
—
2.5
—
—

0.1
0.1
0.10
0.30

1) and all impurities from Procedure 2.

Change to read:
• Organic Impurities, Procedure 3: Limit of Oxaliplatin Related Compound D
[Note—Use vigorous shaking and very brief sonication to dissolve the substance to be examined.
Inject the Sample solution within 20 min of preparation. Polypropylene HPLC autosampler vials

PF 38(2): Mar.-Apr. 2012

273

should be used. ]
Mobile phase: Methanol and ethanol (7:3)
Oxaliplatin related compound D standard stock solution: 0.05 mg/mL of USP Oxaliplatin
Related Compound D RS in methanol
Oxaliplatin related compound D standard solution: 15 µg/mL of USP Oxaliplatin Related
Compound D RS in methanol from Oxaliplatin related compound D standard stock solution
Oxaliplatin standard stock solution: 0.75 mg/mL of USP Oxaliplatin RS in methanol
Oxaliplatin standard solution: 37.5 µg/mL of USP Oxaliplatin RS in methanol from Oxaliplatin
standard stock solution
Oxaliplatin blank solution: Transfer 40 mL of Oxaliplatin standard stock solution to a 50mL volumetric flask, and dilute with methanol to volume. 1S (USP36)
Standard solutions: Transfer 40 mL of Oxaliplatin standard stock solution to separate 50-mL
volumetric flasks. Add 1.0, 3.0, and 5.0 mL of Oxaliplatin related compound D standard
solution to each flask, and dilute with methanol to volume. The concentration of oxaliplatin in
these solutions is 0.6 mg/mL. The concentrations of oxaliplatin related compound D in these
solutions are 0.3, 0.9, and 1.5 µg/mL, respectively.
System suitability solution: Transfer 5.0 mL of Oxaliplatin standard solution and 4.0 mL of
Oxaliplatin related compound D standard stock solution to a 50-mL volumetric flask, and
dilute with methanol to volume.
Sample solution: Transfer 30 mg of Oxaliplatin into a 50-mL volumetric flask, and dilute with
methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L70
Column temperature: 40
Flow rate: 0.3 mL/min
Injection volume: 20 µL
Run time: 30 min
System suitability
Samples: 0.9-µg/mL Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between oxaliplatin and oxaliplatin related compound D, System
suitability solution
Relative standard deviation: NMT 3.0% for the peak height ratio of oxaliplatin related
compound D to the sum of oxaliplatin and oxaliplatin related compound D; 0.9-µg/mL
Standard solution
Analysis
Samples: Standard solutions and Sample solution
Plot a calibration curve for the Standard solutions with the peak response ratios of oxaliplatin
related compound D to the sum of oxaliplatin and oxaliplatin related compound D on the yaxis and the concentrations of oxaliplatin related compound D, in µg/mL, on the x-axis. Read
the concentration of oxaliplatin related compound D, in µg/mL, in the Sample solution from
the calibration curve obtained.
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Calculate the percentage of oxaliplatin related compound D in the portion of Oxaliplatin taken:
Result = (C/W) × 5
C= concentration of oxaliplatin related compound D in the Sample solution (µg/mL)
W
= weight of Oxaliplatin taken to prepare the Sample solution (mg)
Subtract the oxaliplatin related compound D peak area obtained in the Oxaliplatin blank
solution from the oxaliplatin related compound D peak area obtained in the Standard
solutions. [Note—USP Oxaliplatin RS may contain a small amount of oxaliplatin related
compound D. ]Plot a calibration curve for the Standard solutions with the peak area ratios of
oxaliplatin related compound D to the sum of oxaliplatin and oxaliplatin related compound D
on the y-axis and the concentration ratios of oxaliplatin related compound D, in µg/mL, to
the sum of oxaliplatin and oxaliplatin related compound D concentrations, in mg/mL, on the
x-axis. Read the concentration ratio of oxaliplatin related compound D, in µg/mL, to the sum
of oxaliplatin and oxaliplatin related compound D, in mg/mL, in the Sample solution from the
calibration curve.
Calculate the percentage of oxaliplatin related compound D in the portion of Oxaliplatin
taken:
Result = R/10
R= concentration ratio of oxaliplatin related compound D, in µg/mL, to the sum of oxaliplatin
and oxaliplatin related compound D, in mg/mL, in the Sample solution from the calibration
curve 1S (USP36)
Acceptance criteria: NMT 0.1%
SPECIFIC TESTS
• Acidity
Sample solution: Dissolve 100 mg in 50 mL of carbon dioxide-free water, and add 0.5 mL of
phenolphthalein TS.
Acceptance criteria: The solution is colorless, and NMT 0.6 mL of 0.01 M sodium hydroxide is
required to change the color to pink.
• Bacterial Endotoxins Test

85 : NMT 1.0 USP Endotoxin Unit/mg of oxaliplatin

• Loss On Drying 731
Analysis: Dry 1 g at 100 –105 for 2 h.
Acceptance criteria: NMT 0.5%
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 20 cfu/g, and the total combined molds and
yeast count does not exceed 5 cfu/g.
• Optical Rotation, Specific Rotation 781S
Sample solution: 5 mg/mL in water
Acceptance criteria: Between +74.5 and +78.0 , measured at 20
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light. Store at room
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temperature.
• USP Reference Standards 11
USP Endotoxin RS
USP Oxaliplatin RS
USP Oxaliplatin Related Compound A RS
Oxalic acid dihydrate.
C2 H2 O4 ·2H2 O
126.07
USP Oxaliplatin Related Compound B RS
[SP-4-2-(1R-trans)]-(1,2-Cyclohexanediamine-N,N¢) dinitratoplatinum(II).
C6 H14 N4 O6 Pt
433.28
USP Oxaliplatin Related Compound C RS
[1R-trans-(1,2-Cyclohexanediamine-N,N¢)]-trans-dihydroxido-[oxalato(2)-O,O¢]platinum(IV).
C8 H16 N2 O6 Pt
431.30
USP Oxaliplatin Related Compound D RS
cis-[(1S,2S)-1,2-Cyclohexanediamine-N,N¢][oxalato(2-)-O,O¢]platinum.
C8 H14 N2 O4 Pt
397.29
BRIEFING
Oxcarbazepine, USP 35 page 4158 and page 1177 of PF 34(5) [Sept.–Oct. 2008]. A new
monograph proposal for this drug substance appeared in PF 34(5), and a comment was
received indicating that the impurities profile of the drug substance manufactured by a
synthetic route is different from the profile included in the PF proposal. The procedure in PF
could not be used due to co-elution of peaks. On the basis of these comments, the Expert
Committee decided to make the monograph official without the Organic Impurities test. It is
now proposed to add the commenter’s impurity method as Organic Impurities, Procedure 2,
using the flexible monograph approach. The Organic Impurities test proposed in PF 34(5) is
being included as Organic Impurities, Procedure 1.
The HPLC procedure in the test for Organic Impurities, Procedure 1 is based on analyses
performed with the Thermoquest Hypersil BDS C18 brand of L1 column. The typical retention
time for oxcarbazepine is about 5.7 min. The HPLC procedure in the test for Organic Impurities,
Procedure 2 is based on analyses performed with the YMC Pak ODS-AQ brand of L1 column.
The typical retention time for oxcarbazepine is about 10 min.
(SM4: H. Ramanathan.)
Correspondence Number—C72493

Comment deadline: May 31, 2012
Oxcarbazepine
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252.27

5H-Dibenz[b,f]azepine-5-carboxamide, 10,11-dihydro-10-oxo-;
10,11-Dihydro-10-oxo-5H-dibenz[b,f]azepine-5-carboxamide
[28721-07-5].
DEFINITION
Oxcarbazepine contains NLT 98.0% and NMT 102.0% of oxcarbazepine (C15 H12 N2 O2 ), calculated
on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
[Note—If the spectrum obtained shows differences, dissolve the substance to be examined in
chloroform, and evaporate to dryness. Compare the spectrum of the residue to that of a
similarly prepared USP Oxcarbazepine RS. ]
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate in water. For each liter prepared, add 2 mL
of triethlyamine, and mix. Adjust with phosphoric acid to a pH of 6.0 ± 0.1.
Mobile phase: Methanol, acetonitrile, and Buffer (11:8:31)
Standard solution: 0.1 mg/mL of USP Oxcarbazepine RS in Mobile phase
Sample solution: 0.1 mg/mL of Oxcarbazepine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxcarbazepine (C15 H12 N2 O2 ) in the portion of Oxcarbazepine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Oxcarbazepine RS in the Standard solution (mg/mL)
C=
U concentration of Oxcarbazepine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
Add the following:
• Organic Impurities, Procedure 1
[Note—If oxcarbazepine related compound A and oxcarbazepine related compound B are known
process impurities, Organic Impurities, Procedure 2 is recommended. ]
Mobile phase: Prepare as directed in the Assay.
System suitability solution: 0.1 mg/mL each of USP Oxcarbazepine RS and USP
Carbamazepine RS in Mobile phase
Standard solution: 0.25 µg/mL of USP Oxcarbazepine RS in Mobile phase
Sample solution: 0.5 mg/mL of Oxcarbazepine in Mobile phase
Chromatographic system: Proceed as directed in the Assay, except to use a run time 10
times the retention time of oxcarbazepine.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.0 between oxcarbazepine and carbamazepine, System suitability
solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oxcarbazepine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of oxcarbazepine from the Standard solution
C=
S concentration of USP Oxcarbazepine RS in the Standard solution (mg/mL)
C=
U concentration of Oxcarbazepine in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
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Table 1
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Oxcarbazepine
1.0
1.0
—
Carbamazepinea
1.7
1.9
0.15
b
Dibenzazepinone
2.1
1.2
0.05
c
Methoxycarbamazepine
2.5
1.6
0.05
Carbamazepine related compound Bd
7.4
1.3
0.05
Methoxydibenzazepinee
7.9
1.5
0.05
Any individual unspecified impurity
—
1.0
0.05
Total impurities
—
—
0.50
a 5H-Dibenz[b,f]azepine-5-carboxamide.
b 10(11H)-Oxo-5H-Dibenz[b,f]azepine.
c 10-Methoxy-5H-Dibenz[b,f]azepine-5-carboxamide.
d 5H-Dibenz[b,f]azepine.
e 10-Methoxy-5H-Dibenz[b,f]azepine.
1S (USP36)

Add the following:
• Organic Impurities, Procedure 2
Buffer A: 0.004 mol/L of monobasic potassium phosphate and 0.063 mol/L of dibasic sodium
phosphate
Buffer B: To 1 L of 3.6 g/L edetate disodium in water add 1 L of Buffer A.
Diluent: 1.8 g/L of ascorbic acid in water
Solution A: Acetonitrile, tetrahydrofuran, Buffer B, and water (1:2:2:15)
Solution B: Acetonitrile, tetrahydrofuran, Buffer B, and water (6:1:1:2)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
1
80
20
29
30
70
30
30
70
33
80
20
42
80
20
System suitability solution: 2 µg/mL each of USP Oxcarbazepine Related Compound A RS,
USP Oxcarbazepine Related Compound B RS, USP Oxcarbazepine Related Compound D RS,
and USP Oxcarbazepine Related Compound E RS in a 1:1 mixture of acetonitrile and Diluent
Standard stock solution: 0.1 mg/mL of USP Oxcarbazepine RS in acetonitrile
Standard solution: 2 µg/mL of USP Oxcarbazepine RS in a 1:1 mixture of acetonitrile and
Diluent
Sample solution: 1.0 mg/mL of Oxcarbazepine in a 1:1 mixture of acetonitrile and Diluent
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 3-µm packing L1
Column temperature: 50
Flow rate: 0.8 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.0 between oxcarbazepine related compound A and oxcarbazepine
related compound B; NLT 1.2 between oxcarbazepine related compound D and
oxcarbazepine related compound E, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oxcarbazepine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of oxcarbazepine from the Standard solution
C=
S concentration of USP Oxcarbazepine RS in the Standard solution (mg/mL)
C=
U concentration of Oxcarbazepine in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Acceptance criteria: See Table 3. [Note—Disregard any peak below 0.03%. ]

Name
Oxcarbazepine related compound F a
Oxcarbazepine
N-Carbamoyl oxcarbazepineb
Oxcarbazepine related compound Ac
Oxcarbazepine related compound Bd
Dibenzazepinodionee
Oxcarbazepine related compound Df
Oxcarbazepine related compound Eg
Any individual unspecified impurity
Total impurities

Table 3
Relative
Retention
Time
0.76
1.0
1.1
1.2
1.3
1.7
2.3
2.4
—
—

Relative
Response
Factor
0.59
—
0.91
1.1
1.1
2.0
1.7
3.3
1.0
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.05
0.2
0.1
0.1
0.2
0.05
0.05
1.0

PF 38(2): Mar.-Apr. 2012

280

a
b
c
d
e
f

10,11-Dioxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
N-Carbamoyl-10-oxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
N-Formyl-10-oxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
N-Acetyl-10-oxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
5H-Dibenzo[b,f]azepine-10,11-dione.
10-(10-Oxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamido)-5Hdibenzo[b,f]azepine-5-carboxamide.
g 10(11H)-Oxo-5H-Dibenz[b,f]azepine.
1S (USP36)

SPECIFIC TESTS
• Water Determination, Method Ia

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
Add the following:
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, the labeling states
the test with which the article complies. 1S (USP36)
Change to read:
• USP Reference Standards 11
USP Oxcarbazepine RS
USP Carbamazepine RS
USP Oxcarbazepine Related Compound A RS
N-Formyl-10-oxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
C16 H12 N2 O3
280.28
USP Oxcarbazepine Related Compound B RS
N-Acetyl-10-oxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
C17 H14 N2 O3
294.30
USP Oxcarbazepine Related Compound D RS
10-(10-Oxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamido)-5Hdibenzo[b,f]azepine-5-carboxamide.
C30 H22 N4 O3
486.52
USP Oxcarbazepine Related Compound E RS
10(11H)-Oxo-5H-Dibenz[b,f]azepine.
C14 H11 NO
209.24 1S (USP36)
BRIEFING
Praziquantel, USP 34 page 3990. As part of the USP monograph modernization effort, it is
proposed to add Identification test B using the chromatographic retention times from the
Assay. It is also proposed to delete the nonspecific test for Melting Range or Temperature.
This test was included in the original monograph when there was no selective method for
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quantifying the impurities. The currently official monograph contains an HPLC method for
testing the Organic Impurities. Therefore, the Melting Range or Temperature test contributes
no additional value in establishing the quality of the drug substance.
(SM1: L. Santos.)
Correspondence Number—C108376

Comment deadline: May 31, 2012
Praziquantel

C19 H24 N2 O2

312.41

4H-Pyrazino[2,1-a]isoquinolin-4-one, 2-(cyclohexylcarbonyl)-1,2,3,6,7,11b-hexahydro-;
2-(Cyclohexylcarbonyl)-1,2,3,6,7,11b-hexahydro-4H-pyrazino[2,1-a]isoquinolin-4-one
[5526874-1].
DEFINITION
Praziquantel contains NLT 98.5% and NMT 101.0% of praziquantel (C19 H24 N2 O2 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (60:40)
Standard solution: 0.18 mg/mL of USP Praziquantel RS in Mobile phase
Sample solution: 0.18 mg/mL of Praziquantel in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4-mm × 25-cm; 10-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
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Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of praziquantel (C19 H24 N2 O2 ) in the portion of Praziquantel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Praziquantel RS in the Standard solution (mg/mL)
C=
U concentration of Praziquantel in the Sample solution (mg/mL)
Acceptance criteria: 98.5%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Limit of Phosphate
Solution A: Dissolve 250 mg of cupric sulfate and 4.5 g of ammonium acetate in sufficient 2 N
acetic acid to obtain 100 mL of solution.
Solution B: 30 mg/mL of ammonium molybdate
Solution C: Grind in a mortar 5 g of sodium sulfite, 94.3 g of sodium metabisulfite, and 700 mg
of 4-amino-3-hydroxy-1-naphthalenesulfonic acid. Dissolve 1.5 g of this mixture in 10 mL of
water, heating gently if necessary. Use this solution only when freshly prepared.
Standard stock solution: 100 µg/mL of phosphate (PO4 )3 prepared as follows. Dissolve
143.3 mg of dried monobasic potassium phosphate in water to make 1000 mL of solution.
Standard solution: 5 µg/mL of phosphate (PO4 )3 from the Standard stock solution
Sample solution: 10 mg/mL of Praziquantel, prepared as follows. Add 30 mL of water to 500
mg of sample, and heat to boiling. Allow to cool, and filter, collecting the filtrate in a 50-mL
volumetric flask. Wash the filter with water, collect the washings in the volumetric flask, and
dilute with water to volume.
Analysis: Treat 10 mL of the Standard solution and 10 mL of the Sample solution as follows.
To each, add 5 mL of Solution A, 2 mL of Solution B, 1 mL of Solution C, and 1 mL of
perchloric acid solution (3 in 100); mix; and allow to stand for 15 min.
Acceptance criteria: The Sample solution does not have a blue color that is darker than that
of the Standard solution (0.05%).
• Heavy Metals, Method II 231 : NMT 20 µg/g
• Organic Impurities
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.04 mg/mL each of USP Praziquantel Related Compound A RS, USP
Praziquantel Related Compound B RS, and USP Praziquantel Related Compound C RS in Mobile
phase
Sample solution: 20 mg/mL of Praziquantel in Mobile phase
Analysis

PF 38(2): Mar.-Apr. 2012

283

Samples: Standard solution and Sample solution
Calculate the percentages of praziquantel related compound A, praziquantel related
compound B, and praziquantel related compound C in the portion of Praziquantel taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of praziquantel related compound A, praziquantel related compound B, or
praziquantel related compound C from the Sample solution
rS= peak response of praziquantel related compound A, praziquantel related compound B, or
praziquantel related compound C from the Standard solution
C=
S concentration of USP Praziquantel Related Compound A RS, USP Praziquantel Related
Compound B RS, or USP Praziquantel Related Compound C RS in the Standard solution
(mg/mL)
C=
U concentration of Praziquantel in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Praziquantel related compound Aa
Praziquantel
Praziquantel related compound Bb
Praziquantel related compound Cc

Relative
Retention
Time
0.8
1.0
1.8
2.1

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
0.2

a 2-Benzoyl-1,2,3,6,7,11b-hexahydro-4H-pyrazino [2,1-a]isoquinolin-4-one.
b 2-(Cyclohexylcarbonyl)-2,3,6,7-tetrahydro-4H-pyrazino [2,1-a]isoquinolin-4-one.
c 2-(N-Formylhexahydrohippuroyl-1,2,3,4-tetrahydroisoquinolin-1-one.
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 136 –142

1S (USP36)

• Loss on Drying 731
Analysis: Dry a sample in a vacuum at a pressure not exceeding 5 mm of mercury at 50 over
phosphorus pentoxide for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards 11
USP Praziquantel RS
USP Praziquantel Related Compound A RS
2-Benzoyl-1,2,3,6,7,11b-hexahydro-4H-pyrazino [2,1-a]isoquinolin-4-one.
C19 H18 N2 O2
306.37
USP Praziquantel Related Compound B RS
2-(Cyclohexylcarbonyl)-2,3,6,7-tetrahydro-4H-pyrazino [2,1-a]isoquinolin-4-one.
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C19 H22 N2 O2
310.40
USP Praziquantel Related Compound C RS
2-(N-Formylhexahydrohippuroyl-1,2,3,4-tetrahydroisoquinolin-1-one.
C19 H22 N2 O4
342.39
BRIEFING
Rabeprazole Sodium. Because there is no existing USP monograph for this drug substance, a
new monograph based on validated methods of analyses is proposed. The HPLC procedures in
the Assay and the test for Organic Impurities are based on analyses performed with the
Nucleosil C18 brand of L1 column. The typical retention time for rabeprazole is about 5 min.
(SM3: E. Gonikberg, L. Santos.)
Correspondence Number—C90062

Comment deadline: May 31, 2012
Add the following:
Rabeprazole Sodium

C18 H20 N3 NaO3 S

381.42

1H-Benzimidazole, 2-[[[4-(3-methoxypropoxy)-3-methyl-2-pyridinyl]methyl]sulfinyl]-, sodium
salt;
2-[[[4-(3-Methoxypropoxy)-3-methyl-2-pyridyl]methyl]sulfinyl]benzimidazole sodium salt
[117976-90-6].
DEFINITION
Rabeprazole Sodium contains NLT 98.0% and NMT 102.0% of rabeprazole sodium
(C18 H20 N3 NaO3 S), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of major peak of the Sample solution corresponds to that of the Standard
solution, as obtained in the Assay.
• C. Identification Tests—General, Sodium

191

ASSAY
• Procedure
[Note—Avoid exposure of the samples to moisture. Keep all solutions containing rabeprazole
sodium at a temperature not exceeding 15 . ]
Buffer: 50 mM monobasic potassium phosphate and 50 mM dibasic sodium phosphate (40:60).
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Adjust to a pH of 7.0 by adding a small volume of either solution as necessary.
Diluent: Methanol and 0.05 N sodium hydroxide (60:40)
Mobile phase: Methanol and Buffer (60:40)
Standard solution: 0.2 mg/mL of USP Rabeprazole Sodium RS in Diluent. [Note—This solution
is stable for 48 h when stored at a temperature not exceeding 15 . ]
Sample solution: 0.2 mg/mL of Rabeprazole Sodium in Diluent. [Note—This solution is stable
for 48 h when stored at a temperature not exceeding 15 . ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Column: 30
Sample: Not exceeding 15
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between rabeprazole sulfone analog and rabeprazole. [Note—USP
Rabeprazole Sodium RS contains rabeprazole sulfone analog as a minor component. The
relative retention times for rabeprazole sulfone analog and rabeprazole are 0.7 and 1.0,
respectively. ]
Tailing factor: NMT 2.0 for rabeprazole
Relative standard deviation: NMT 1.0% for rabeprazole
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rabeprazole sodium (C18 H20 N3 NaO3 S) in the portion of
Rabeprazole Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Rabeprazole Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Rabeprazole Sodium in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Heavy Metals
Lead standard solution: Dilute 10 mL of the Standard Lead Solution, prepared as directed in
Heavy Metals 231 , with water to 100 mL.
Sodium sulfide solution: 5 g of sodium sulfide in 10 mL of water and 30 mL of glycerin
Sample solution: Transfer 2.0 g to a porcelain crucible, cover loosely with a lid, and
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carbonize by gentle ignition. Allow to cool, and add 2 mL of nitric acid and 5 drops of sulfuric
acid. Heat cautiously until white fumes are not evolved, and incinerate by ignition at 500 –
600 until carbonized substances are not observed. Allow to cool, add 2 mL of hydrochloric
acid, evaporate to dryness on a hot plate, and moisten the residue with 3 drops of
hydrochloric acid. Add 10 mL of hot water, and warm for 2 min. Add 1 drop of
phenolphthalein TS and 6 N ammonium hydroxide dropwise until the solution develops a pale
red color. Add 2 mL of 1 N acetic acid, filter if necessary, and wash with 10 mL of water.
Transfer the filtrate and washing to a Nessler tube, and add water to make 50 mL.
Control solution: Evaporate a mixture of 2 mL of nitric acid, 5 drops of sulfuric acid and 2 mL
of hydrochloric acid in a porcelain crucible on a hot plate, and moisten the residue with 3
drops of hydrochloric acid. Proceed as directed in the Sample solution, beginning with “Add
10 mL of hot water…”, adding 2 mL of the Lead standard solution before adding water to
make 50 mL.
Analysis: Add 1 drop of the Sodium sulfide solution to the Sample solution and the Control
solution, mix thoroughly, and allow to stand for 5 min. Compare the colors of both solutions
by viewing the tubes downward or transversely against a white background.
Acceptance criteria: The color of the Sample solution is not more intense than that of the
Control solution (NMT 10 ppm).
• Organic Impurities
[Note—Avoid exposure of the samples to moisture. Keep all solutions containing rabeprazole
sodium at a temperature not exceeding 15 . ]
Buffer, Diluent, Mobile Phase, and Chromatographic system: Proceed as directed in the
Assay.
Standard solution: 0.05 mg/mL of USP Rabeprazole Sodium RS in Diluent
Sample solution: 1.0 mg/mL of Rabeprazole Sodium in Diluent
System suitability solution: Use the Standard solution prepared as directed in the Assay.
System suitability
Sample: System suitability solution
Suitability requirements:
Resolution: NLT 2.0 between rabeprazole sulfone analog and rabeprazole. [Note—USP
Rabeprazole Sodium RS contains rabeprazole sulfone analog as a minor component. ]
Tailing factor: NMT 2.0 for rabeprazole
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Rabeprazole Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of rabeprazole from the Standard solution
C=
S concentration of USP Rabeprazole Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Rabeprazole Sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
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Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Name
Rabeprazole sulfone analog (rabeprazole related compound D)a
0.70
Rabeprazole
1.0
Any other individual impurity
—
Total impurities
—
a 2-[[[4-(3-Methoxypropoxy)-3-methyl-2-pyridyl]methyl]sulfonyl]benzimidazole.

0.8
—
0.10
1.0

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample under vacuum over phosphorus pentoxide for 24 h.
Acceptance criteria: NMT 1.0%.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at room temperature.
• USP Reference Standards 11
USP Rabeprazole Sodium RS
1S (USP36)

BRIEFING
Rabeprazole Sodium Delayed-Release Tablets. Because there is no existing USP monograph
for this dosage form, a new monograph based on validated methods of analysis is proposed.
The HPLC procedures in the Assay is based on analyses performed with the Nucleosil C18 brand
of L1 column. The typical retention time of rabeprazole is about 5 min. The HPLC procedure in
the test for Organic Impurities is based on analyses performed with the YMC-Pak Pro C18
brand of L1 column. The typical retention time of rabeprazole is about 17.5 min.
(SM3: E. Gonikberg, L. Santos, M. Marques.)
Correspondence Number—C90062

Comment deadline: May 31, 2012
Add the following:
Rabeprazole Sodium Delayed-Release Tablets
DEFINITION
Rabeprazole Sodium Delayed-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of rabeprazole sodium (C18 H20 N3 NaO3 S).
IDENTIFICATION
• A. Ultraviolet Absorption
Sample stock solution: Transfer one Tablet to a 100-mL volumetric flask, add 60 mL of 0.05
N sodium hydroxide, and sonicate at a temperature not exceeding 5 for 30 min. Dilute with
0.05 N sodium hydroxide to volume. Centrifuge a portion at a temperature not exceeding 5
for 10 min, and use a supernatant.
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Sample solution: 0.01 mg/mL of rabeprazole sodium in 0.05 N sodium hydroxide from the
Sample stock solution
Blank: 0.05 N sodium hydroxide
Analysis: Using a 1-cm quartz cuvette, record the UV spectrum between 220 and 350 nm.
Acceptance criteria: The spectrum of the Sample solution exhibits maximum between 289
and 293 nm.
• B. The retention time of major peak of the Sample solution corresponds to that of the Standard
solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Avoid exposure of the samples to moisture. Keep all solutions containing rabeprazole
sodium at a temperature not exceeding 15 . ]
Buffer: 50 mM monobasic potassium phosphate and 50 mM dibasic sodium phosphate (40:60).
Adjust to a pH of 7.0 by adding a small volume of either solution as necessary.
Diluent: Methanol and 0.05 N sodium hydroxide (60:40)
Mobile phase: Methanol and Buffer (60:40)
Standard solution: 0.1 mg/mL of USP Rabeprazole Sodium RS in Diluent. [Note—This solution
is stable for 48 h when stored at a temperature not exceeding 15 . ]
Sample stock solution: Transfer a quantity of Tablets equivalent to 100 mg of rabeprazole
sodium (based on the label claim) to a 100-mL volumetric flask, add 30 mL of 0.05 N sodium
hydroxide, and sonicate at a temperature not exceeding 5 for 30 min, until Tablets are
completely disintegrated. Add 45 mL of methanol, and allow the solution to equilibrate at
room temperature. Dilute with Diluent to volume, and stir the solution for 10 min. Centrifuge
a portion at a temperature not exceeding 15 for 10 min, and use the supernatant. [Note
—This solution is stable for 48 h when stored at a temperature not exceeding 15 . ]
Sample solution: 0.1 mg/mL of rabeprazole sodium in Diluent from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Column: 30
Sample: Not exceeding 15
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between rabeprazole related compound D and rabeprazole
[Note—USP Rabeprazole Sodium RS contains rabeprazole related compound D as a minor
component. The relative retention times for rabeprazole related compound D and
rabeprazole are 0.7 and 1.0, respectively. ]
Tailing factor: NMT 2.0 for rabeprazole
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Relative standard deviation: NMT 1.0% for rabeprazole
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of rabeprazole sodium (C18 H20 N3 NaO3 S) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of rabeprazole from the Sample solution
rS= peak response of rabeprazole from the Standard solution
C=
S concentration of USP Rabeprazole Sodium RS in the Standard solution (mg/mL)
C=
U nominal concentration of rabeprazole sodium in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
[Note—Avoid exposure of the samples to moisture. ]
0.6 M Tris buffer: 69.05 g/L of tris(hydroxymethyl)aminomethane in water
Acid stage medium: 0.1 N hydrochloric acid; 700 mL
Buffer stage medium: After 2 h, add 300 mL of 0.6 M Tris buffer, and adjust with 2 N
hydrochloric acid or 2 N sodium hydroxide to a pH of 8.0 ± 0.05.
Apparatus 2: 100 rpm
Time: 2 h for Acid stage, and 30 min for Buffer stage
Diluent, Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the
Assay.
• Acid Stage
Acid stage standard solution: 0.2 mg/mL of USP Rabeprazole Sodium RS in Diluent. [Note
—Keep at a temperature not exceeding 15 . ]
Acid stage sample solution: Run the test in Acid stage medium for 2 h. Transfer the Tablet
to a 100-mL volumetric flask. Add 30 mL of 0.05 N sodium hydroxide, and sonicate at a
temperature not exceeding 5 for 30 min, until Tablets are completely disintegrated. Add 45
mL of methanol, mix, immediately cool the solution in an ice-water bath, and then allow the
solution to equilibrate at room temperature. Dilute with Diluent to volume, and stir the
solution for 10 min. Centrifuge a portion at a temperature not exceeding 15 for 10 min, and
use the supernatant. [Note—Keep at a temperature not exceeding 15 prior to analysis. ]
System suitability
Sample: Acid stage standard solution
Suitability requirements
Tailing factor: NMT 2.0 for rabeprazole
Relative standard deviation: NMT 1.0% for rabeprazole
Analysis
Samples: Acid stage standard solution and Acid stage sample solution
Calculate the percentage of the labeled amount of rabeprazole sodium (C18 H20 N3 NaO3 S)
dissolved during the Acid stage:
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Result = [L

(rU/rS) × (CS × V)] × 100/L

L= label claim (mg/Tablet)
rU= peak response from the Acid stage sample solution
rS= peak response from the Acid stage standard solution
C=
S concentration of the Acid stage standard solution
V= final volume of the Acid stage sample solution, 100 mL
Tolerances: NMT 10% of the labeled amount of rabeprazole sodium (C18 H20 N3 NaO3 S) is
dissolved. The percentage of the labeled amount of rabeprazole sodium dissolved at the time
specified conforms to Acceptance Table 3 in Dissolution 711 .
• Buffer Stage
Tris-hydrochloric acid buffer: 0.1 N hydrochloric acid and 0.6 M Tris buffer (7:3). Adjust
with 2 N hydrochloric acid or 2 N sodium hydroxide to a pH of 8.0.
Buffer stage standard solution: Prepare a 0.6 mg/mL solution of USP Rabeprazole Sodium
RS in 0.5 N sodium hydroxide. Mix 10.0 mL of this solution with 30.0 mL of Tris-hydrochloric
acid buffer. [Note—Keep at a temperature not exceeding 15 . ]
Buffer stage sample solution: Run the test in Acid stage medium for 2 h. Stop the paddle,
and immediately remove the Tablet. Restart the paddle at 100 rpm. Add 300 mL of Buffer
stage medium previously equilibrated at 37.0 ± 0.5 to the Acid stage medium in the
vessel. Adjust with 2 N hydrochloric acid or 2 N sodium hydroxide to a pH of 8.0 ± 0.05. Stop
the paddle, and add the Tablet to the vessel. Run the test for 30 min. Pass a portion of the
solution under test through a suitable filter. Mix 3.0 mL of the filtrate with 1.0 mL of 0.5 N
sodium hydroxide. [Note—Keep at a temperature not exceeding 15 prior to analysis. ]
System suitability
Sample: Buffer stage standard solution
Suitability requirements
Tailing factor: NMT 2.0 for rabeprazole
Relative standard deviation: NMT 1.0% for rabeprazole
Analysis
Samples: Buffer stage standard solution and Buffer stage sample solution
Calculate the percentage of the labeled amount of rabeprazole sodium (C18 H20 N3 NaO3 S)
dissolved during the Buffer stage:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Buffer stage sample solution
rS= peak response from the Buffer stage standard solution
C=
S concentration of the Buffer stage standard solution
L= label claim (mg/Tablet)
V= final volume of Buffer stage medium, 1000 mL
Tolerances: NLT 75% (Q) of the labeled amount of rabeprazole sodium (C18 H20 N3 NaO3 S) is
dissolved. The percentage of the labeled amount of rabeprazole sodium dissolved at the time
specified conforms to Acceptance Table 4 in Dissolution
• Uniformity of Dosage Units

905 : Meet the requirements

711 .
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IMPURITIES
• Organic Impurities
[Note—Avoid exposure of the samples to moisture. Keep all solutions containing rabeprazole
sodium at 5 ± 3 during all steps of sample preparation. An ice-water bath should be used
when possible to minimize sample degradation. ]
Buffer: Water, 0.1 N sodium hydroxide solution, and 0.1 M sodium borate solution
(625:255:120). Adjust to a pH of 11.3 with 0.1 N sodium hydroxide or 0.1 M sodium borate
as necessary.
Diluent: Acetonitrile and Buffer (20:80). [Note—Keep the Diluent at 5 ± 3 during all steps of
sample preparation to minimize sample degradation. ]
Ammonium acetate solution: 5 g/L of ammonium acetate in water. [Note—Filter through a
C18 extraction disk if late-eluting interfering peaks appear in the chromatogram. ]
Solution A: Acetonitrile and Ammonium acetate solution (5:95)
Solution B: Methanol and Ammonium acetate solution (85:15)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
100
0
20.0
0
100
22.0
0
100
22.1
100
0
30.0
100
0
Standard solution: 0.25 mg/mL of USP Rabeprazole Sodium RS in Diluent
Peak identification solution: 2.5 µg/mL each of USP Rabeprazole Sodium RS, USP
Rabeprazole Related Compound A RS, USP Rabeprazole Related Compound C RS, USP
Rabeprazole Related Compound D RS, and USP Rabeprazole Related Compound E RS in
Diluent. [Note—Store this solution in the freezer. Before use, defrost it at 2 –8 , and shake
well. ]
Sample stock solution: Crush a quantity of Tablets equivalent to 100 mg of rabeprazole
sodium (based on the label claim), and transfer the crushed Tablets to a 100-mL volumetric
flask. Add 60 mL of Diluent, swirl to mix, dilute with Diluent to volume, and shake to mix.
Sonicate the solution at 5 ± 3 for 10 min. Centrifuge a portion at a temperature not
exceeding 5 for 10 min, and use a supernatant.
Sample solution: 0.25 mg/mL of rabeprazole sodium in Diluent from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 290 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Column: 35
Autosampler: Not exceeding 5
Flow rate: 1 mL/min
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Injection volume: 10 µL
System suitability
Samples: Standard solution and Peak identification solution
Suitability requirements
Resolution: NLT 1.5 between rabeprazole related compound D and rabeprazole, Peak
identification solution
Tailing factor: NMT 2.0 for rabeprazole, Standard solution
Relative standard deviation: NMT 1.0% for rabeprazole, Standard solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity
r=
T sum of all the peak responses, each divided by the corresponding value of the relative
response factor from Table 2
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Name

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

Rabeprazole picolinic ether analog (rabeprazole
related compound A)a
0.38
2.7
0.2
b
Rabeprazole picolinium salt
0.49
0.65
0.5
Mercaptobenzimidazole (rabeprazole related
compound C)c
0.56
3.8
0.2
Rabeprazole sulfone analog (rabeprazole related
compound D)d
0.97
0.90
1.0
Rabeprazole
1.00
—
—
Rabeprazole sulfide analog (rabeprazole related
compound E)e
1.13
1.3
0.2
Any unspecified impurity
—
1.0
0.2
Total impurities
—
—
1.8
a 4-(1H-Benzimidazol-2-yloxy)-3-methylpicolinic acid.
b 1-(1H-Benzimidazol-2-yl)-4-(3-methoxypropoxy)-3-methylpyridinium-2-carboxylate.
c 1H-Benzimidazole-2-thiol.
d 2-[[[4-(3-Methoxypropoxy)-3-methyl-2-pyridyl]methyl]sulfonyl]benzimidazole.
e 2-[[4-(3-Methoxypropoxy)-3-methyl-2-pyridyl]methylthio]benzimidazole.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Rabeprazole Sodium RS
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USP Rabeprazole Related Compound A RS
4-(1H-Benzimidazol-2-yloxy)-3-methylpicolinic acid, sodium salt.
C14 H10 N3 NaO3
291.24
USP Rabeprazole Related Compound C RS
1H-Benzimidazole-2-thiol.
C7 H6 N2 S
150.20
USP Rabeprazole Related Compound D RS
2-[[[4-(3-Methoxypropoxy)-3-methyl-2-pyridyl]methyl]sulfonyl]benzimidazole.
C18 H21 N3 O4 S
375.44
USP Rabeprazole Related Compound E RS
2-[[4-(3-Methoxypropoxy)-3-methyl-2-pyridyl]methylthio]benzimidazole.
C18 H21 N3 O2 S
343.44
1S (USP36)

BRIEFING
Rocuronium Bromide, USP 35 page 4584. On the basis of comments received, it is proposed to
revise the Storage conditions to be consistent with the sponsor’s FDA approved specifications.
Minor editorial changes to be consistent with USP monograph redesign initiative are also
proposed.
(SM4: H. Ramanathan.)
Correspondence Number—C100098

Comment deadline: May 31, 2012
Rocuronium Bromide

C32 H53 BrN2 O4

609.68

Pyrrolidinium, 1-[(2 ,3 ,5 ,16 ,17 )-17-(acetyloxy)-3-hydroxy-2-(4-morpholinyl)androstan16-yl]-1-(2-propenyl)-, bromide;
1-Allyl-1-(3 ,17 -dihydroxy-2 -morpholino-5 -androstan-16 -yl)pyrrolidinium bromide, 17acetate
[119302-91-9].
DEFINITION
Rocuronium Bromide contains NLT 98.0% and NMT 102.0% of rocuronium bromide (C32 H53 BrN2 O4 ),
calculated on the anhydrous and 2-propanol-free or acetic acid-free basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. The retention time of the rocuronium bromide peak of the Sample solution corresponds to
that of the Standard solution, as obtained in the Assay.
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• C. Identification Tests—General, Bromide 191
Sample solution: 10 mg/mL
Acceptance criteria: Meets the requirements of the silver nitrate test
ASSAY
• Procedure
Diluent: Acetonitrile and water (90:10)
Buffer: 4.53 g/L of tetramethylammonium hydroxide pentahydrate. Adjust the solution with
phosphoric acid to a pH of 7.4.
Mobile phase: Acetonitrile and Buffer (90:10)
Standard solution: 1 mg/mL of USP Rocuronium Bromide RS in Diluent
Sample solution: 1 mg/mL of Rocuronium Bromide in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Column temperature: 30
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
[Note—The system may need equilibration for 4 h. ]
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rocuronium bromide (C32 H53 BrN2 O4 ) in the portion of the sample
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Rocuronium Bromide RS in the Standard solution (mg/mL)
C=
U concentration of Rocuronium Bromide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and 2-propanol-free or acetic acidfree basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 10 ppm

• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in the Assay.
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Peak identification solution: 1 mg/mL of USP Rocuronium Peak Identification Mixture RS in
Diluent
Standard solution: 0.01 mg/mL of USP Rocuronium Bromide RS in Diluent
Sample solution: 10 mg/mL of Rocuronium Bromide in Diluent
Run time: 2.5 times the retention time for rocuronium
System suitability
[Note—The system may need equilibration for 4 h. ]
Sample: Peak identification solution
Suitability requirements
Peak-to-valley ratio: The ratio of the height of the rocuronium related compound H peak
to the height of the valley between the rocuronium related compound H peak and the
rocuronium peak is NLT 1.5.
Resolution: NLT 3.5 between rocuronium and rocuronium related compound C
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Rocuronium Bromide taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of any impurity from the Sample solution
rS= peak response of rocuronium bromide from the Standard solution
C=
S concentration of USP Rocuronium Bromide RS in the Standard solution (mg/mL)
C=
U concentration of Rocuronium Bromide in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
[Note—Disregard any peak eluting before rocuronium bromide related compound A, and any
peak with an area less than 0.5 times that of the principal peak from the Standard solution. ]

Name
Rocuronium related compound Aa
Rocuronium related compound Gb
Rocuronium related compound F c
Rocuronium related compound Bd
Rocuronium related compound De
Rocuronium related compound Hf
Rocuronium bromide
Rocuronium related compound Cg
Rocuronium related compound Eh
Any individual unspecified impurity
Total impurities

Table 1
Relative
Retention
Time
0.20
0.44
0.75
0.80
0.90
0.95
1.0
1.20
1.53
—
—

Relative
Response
Factor
2.1
2.3
0.79
1.0
1.0
2.9
—
1.0
1.0
—
—

Acceptance
Criteria,
NMT (%)
0.2
0.1
0.1
0.3
0.1
0.1
—
0.3
0.1
0.10
1.5
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a 3 -Hydroxy-2 -(morpholin-4-yl)-16 -(pyrrolidin-1-yl)-5 -androstan-17 -yl acetate.
b 2 -(Morpholin-4-yl)-16 -(pyrrolidin-1-yl)-5 -androstan-3 ,17 -diol.
c 1-[3 ,17 -Bis(acetyloxy)-2 -(pyrrolidin-1-yl)-5 -androstan-16 -yl]-1-(prop-2enyl)pyrrolidinium.
d 1-[3 ,17 -Bis(acetyloxy)-2 -(morpholin-4-yl)-5 -androstan-16 -yl]-1-(prop-2enyl)pyrrolidinium.
e 1-[3 -(Acetyloxy)-17 -hydroxy-2 -(morpholin-4-yl)-5 -androstan-16 -yl]-1-(prop-2enyl)pyrrolidinium.
f 1-[17 -(Acetyloxy)-2-(morpholin-4-yl)-3-oxo-5 -androst-1-en-16 -yl]-1-(prop-2enyl)pyrrolidinium.
g 1-[3 ,17 -Dihydroxy-2 -(morpholin-4-yl)-5 -androstan-16 -yl]-1-(prop-2enyl)pyrrolidinium.
h 1-[17 -(Acetyloxy)-3 -hydroxy-2 -(pyrrolidin-1-yl)-5 -androstan-16 -yl]-1-(prop-2enyl)pyrrolidinium.
• Limit of 2-Propanol
[Note—Perform this test only if 2-propanol is a known organic manufacturing process impurity. ]
Standard stock solution: Transfer 35.0 µL of ethyl ether, 32.0 µL of 2-propanol, and 19.0 µL
of methylene chloride to a 100-mL volumetric flask containing 90 mL of dimethylformamide
(DMF), and dilute with DMF to volume.
Standard solution: Transfer 2.5 mL of the Standard stock solution to a 25-mL volumetric
flask containing 20 mL of DMF, and dilute with DMF to volume.
Dilute standard solution: Transfer 1.0 mL of the Standard solution and 4.0 mL of water to a
20-mL headspace vial. Immediately close the vial with a cap, and mix.
Sample solution: Transfer 50 mg of Rocuronium Bromide to a 20-mL headspace vial. Dissolve
in 1.0 mL of DMF. Add 4 mL of water, immediately close the vial with a cap, and mix.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 60-cm fused silica; coated with a 1.8-µm layer of liquid phase G43
Temperatures
Injector: 140
Detector: 280
Column: See Table 2.
Table 2
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
0
50
8
50
20
250
8
Carrier gas: Helium with a linear velocity of 55 cm/s or nitrogen with a linear velocity of 25
cm/s
Injection type: Split ratio, 1:6
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Head space autosampler
Sample equilibration temperature: 90
Sample equilibration time: 15 min
Transfer line temperature: 140
System suitability
Sample: Dilute standard solution
[Note—The relative retention times for ethyl ether, 2-propanol, and methylene chloride are
0.87, 1.0, and 1.08, respectively. ]
Suitability requirements
Resolution: NLT 1.0 between ethyl ether and 2-propanol; NLT 1.0 between 2-propanol
and methylene chloride
Relative standard deviation: NMT 10.0% for the 2-propanol peak
Analysis
Samples: Dilute standard solution and Sample solution
Calculate the percentage of 2-propanol in the portion of Rocuronium Bromide taken:
Result = [(rU/rS) × (V × D/W) × 100]/F
r=
U peak response of any impurity from the Sample solution
r=
S peak response of rocuronium bromide from the Dilute standard solution
V= volume of 2-propanol taken to prepare the Standard stock solution (µL)
D= relative density of 2-propanol, 0.786 mg/µL
W= weight of Rocuronium Bromide taken to prepare the Sample solution (mg)
F= dilution factor for the Standard solution, 1000
Acceptance criteria: NMT 1.0%
• Limit of Acetic Acid
[Note—Perform this test only if acetic acid is a known organic manufacturing process impurity. ]
Mobile phase: 6.1 g of sodium perchlorate in 800 mL of water. Adjust with 1 N sulfuric acid
to a pH of 2.0. Dilute to 1 L.
Standard solution: 0.2 mg/mL of glacial acetic acid in Mobile phase
Sample solution: 6.0 mg/mL of Rocuronium Bromide in Mobile phase. [Note—Sonication may
be necessary to completely dissolve the rocuronium bromide. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The retention time of acetic acid is about 3.8 min. ]
Suitability requirements
Column efficiency: NLT 5000 theoretical plates
Tailing factor: NMT 1.8
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Relative standard deviation: NMT 5.0% for three injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of acetic acid in the portion of Rocuronium Bromide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for acetic acid from the Sample solution
rS= peak response for acetic acid from the Standard solution
C=
S concentration of acetic acid in the Standard solution (mg/mL)
C=
U concentration of Rocuronium Bromide in the Sample solution (mg/mL)
Acceptance criteria: NMT 5.0%
SPECIFIC TESTS
• Water Determination, Method Ic

921 : NMT 4.0%

• pH 791
Sample solution: 10 mg/mL
Acceptance criteria: 7.0–9.5
• Optical Rotation, Specific Rotation 781
Sample solution: 10 mg/mL in 0.05 M hydrochloric acid
Acceptance criteria: 28.5 –32.0 , measured on the anhydrous and solvent-free basis at 20
• Color and Achromicity 631
Reference solution: Mix 33 mL of Matching Fluid G and 67 mL of water.
Sample solution: 10 mg/mL of Rocuronium Bromide in water
Analysis: Proceed as directed for Color and Achromicity 631 .
Acceptance criteria: The Sample solution is not more intensely colored than the Reference
solution.
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, protected from light and moisture. Store
at 20 or below.
in the freezer. 1S (USP36)
If the article contains acetic acid, store it between 2 and 8 .
• USP Reference Standards 11
USP Rocuronium Bromide RS
USP Rocuronium Peak Identification Mixture RS
Mixture of approximately 0.2% to 0.4% each of rocuronium related compound A,
rocuronium related compound B, rocuronium related compound C, rocuronium related
compound D, rocuronium related compound E, rocuronium related compound F, rocuronium
related compound G, and rocuronium related compound H in a matrix of rocuronium
bromide.
BRIEFING

PF 38(2): Mar.-Apr. 2012

BRIEFING

299

Salicylic Acid Plaster, USP 35 page 4603. As part of USP monograph modernization efforts, it is
proposed to make the following changes.
1.
Identification test A is added to the monograph.
2.
The complicated, multi-step Assay titration procedure is replaced by a stability-indicating
HPLC procedure. The proposed liquid chromatographic procedure is based on analyses
performed with the Zorbax SB-Phenyl brand of 5-µm column containing L11 packing.
The typical retention time for salicylic acid is about 5 min.
3.
The Packaging and Storage section is revised to be consistent with the condition specified
in the product label.
4.
USP Salicylic Acid RS is added to the USP Reference Standards section.
(SM3: F. Mao.)
Correspondence Number—C104049

Comment deadline: May 31, 2012
Salicylic Acid Plaster
DEFINITION
Salicylic Acid Plaster is a uniform mixture of Salicylic Acid in a suitable base, spread on paper,
cotton cloth, or other suitable backing material. The plaster mass contains NLT 90.0% and NMT
110.0% of the labeled amount of salicylic acid (C7 H6 O3 ).
IDENTIFICATION
Add the following:
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
ASSAY
Change to read:
• Procedure
Sample: Amount of Plaster, corresponding to 500 mg of salicylic acid
Sample solution: Cut the Sample into small strips, place them in a small flask, add 50 mL of
chloroform, and shake the mixture until the plaster mass is disintegrated. Decant the
chloroform extract into a 250-mL beaker, and wash the plaster backing with two 25-mL
portions of chloroform, receiving the washings in the same beaker. Wash the backing with
50 mL of alcohol to which has been added 1 mL of 6 N ammonium hydroxide, and add the
washing to the chloroform extract. Again wash the backing with 40 mL of alcohol, and add
the washing to the chloroform extract. Dry the backing, weigh, and subtract the weight
from the weight of Plaster taken for the assay to obtain the weight of plaster mass. Stir
the chloroform extract until any coagulum has separated into a compact mass, and filter
the extract through purified cotton into a separator. Knead the coagulum, if any, with a
glass rod to expel the solvent, and rinse the coagulum and the beaker with 10 mL of
alcohol. Pour the rinsing through the cotton, then press the cotton with a glass rod to
expel the solvent. Extract the filtrate with three 10-mL portions of 1 N sodium hydroxide,
drawing off each portion into a 500-mL volumetric flask, and finally wash with two 25-mL
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portions of water, receiving the washings in the same flask. Dilute with water to volume.
Analysis: Pipet 25 mL of Sample solution into a 500-mL iodine flask. Add 30.0 mL of 0.1 N
bromine VS, then add 5 mL of hydrochloric acid, and immediately insert the stopper. Shake
the flask repeatedly during 30 min, allow it to stand for 15 min, add quickly 5 mL of
potassium iodide solution (1 in 5), taking precautions against the escape of bromine vapor,
and at once insert the stopper in the flask. Shake thoroughly, remove the stopper, and
rinse it and the neck of the flask with a small quantity of water, so that the washing flows
into the flask. Add 1 mL of chloroform, shake the mixture, and titrate the liberated iodine
with 0.1 N sodium thiosulfate VS, adding 3 mL of starch TS as the endpoint is approached.
Perform a blank determination (see Titrimetry 541 , Residual Titrations). Each mL of 0.1
N bromine is equivalent to 2.302 mg of C7 H6 O3 .
Solution A: Methanol and 2% (v/v) phosphoric acid in water (1:1)
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B Flow Rate
(min)
(%)
(%)
(mL/min)
0
100
0
1.0
5.5
100
0
1.0
5.6
0
100
2.0
7.1
0
100
2.0
7.2
100
0
2.0
9.4
100
0
2.0
9.5
100
0
1.0
10.0
100
0
1.0
Diluent: Tetrahydrofuran and hydrochloric acid (99:1)
Standard solution: 0.2 mg/mL of USP Salicylic Acid RS prepared as follows. Transfer USP
Salicylic Acid RS to a suitable volumetric flask, and add Diluent equivalent to 12.5% of the
final volume to dissolve. Dilute with Solution A to volume. Protect from light.
Sample solution: Scrape Plaster from the fabric. Transfer Plaster, equivalent to 40 mg of
salicylic acid, to a 200-mL volumetric flask, and add 25 mL of Diluent to dissolve. Sonicate
if necessary to facilitate dissolution. Dilute with Solution A to volume. Mix, filter, and
discard the first few mL. Protect from light.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 306 nm
Column: 4.6-mm × 15-cm; 5-µm packing L11
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of salicylic acid (C7 H6 O3 ) in the portion of Plaster taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of salicylic acid in the Sample solution (mg/mL)
1S (USP36)

Acceptance criteria: 90.0%–110.0%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers. preferably at controlled room
temperature
Store between 20 and 25 .

1S (USP36)

Add the following:
• USP Reference Standards
USP Salicylic Acid RS

11

1S (USP36)

BRIEFING
Sulfasalazine Delayed-Release Tablets, USP 35 page 4723. It is proposed to delete the crossreference to Sulfasalazine Tablets in Other Requirements and to incorporate this requirement
into an Identification test. In addition, the particle size of the liquid chromatographic column is
added in the test for Dissolution.
(SM1: L. Santos.)
Correspondence Number—C111262

Comment deadline: May 31, 2012
Sulfasalazine Delayed-Release Tablets
DEFINITION
Sulfasalazine Delayed-Release Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount
of sulfasalazine (C18 H14 N4 O5 S).
IDENTIFICATION
Add the following:
• A.
Standard solution and Sample solution: Proceed as directed in the Assay.
Acceptance criteria: The visible absorption spectrum of the Sample solution corresponds to
that of the Standard solution, as prepared in the Assay. 1S (USP36)
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ASSAY
• Procedure
Standard solution: 7.5 µg/mL of USP Sulfasalazine RS in the same medium as the Sample
solution
Sample stock solution: Nominally 1.5 mg/mL of sulfasalazine prepared as follows. Dissolve an
appropriate amount of sulfasalazine from finely powdered Tablets (NLT 20) in 0.1 N sodium
hydroxide in a suitable volumetric flask.
Sample solution: Nominally 7.5 µg/mL of sulfasalazine prepared as follows. Transfer 5.0 mL of
the Sample stock solution to a 1000-mL volumetric flask containing 750 mL of water. Mix,
add 20.0 mL of 0.1 N acetic acid, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: Maximum at about 359 nm
Blank: Water
Analysis
Samples: Standard solution, Sample solution, and Blank
Concomitantly determine the absorbances of the Samples.
Calculate the percentage of the labeled amount of sulfasalazine (C18 H14 N4 O5 S) in the
portion of Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Sulfasalazine RS in the Standard solution (µg/mL)
C=
U nominal concentration of sulfasalazine in the Sample solution (µg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711 : Proceed as directed in the Procedure for Method B in Apparatus 1 and
Apparatus 2, Delayed-Release Dosage Forms.
Acid stage
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 120 min
At the end of 120 min, determine the amount of sulfasalazine (C18 H14 N4 O5 S) dissolved by
using the following method.
Mobile phase: Isopropanol, acetonitrile, water, and glacial acetic acid (11: 7: 22: 0.4)
Standard solution: 55.6 µg/mL of USP Sulfasalazine RS in 0.1 N sodium hydroxide
Sample solution: Pass about 7 mL of the solution under test through a membrane filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 254 nm
Column: 4.6-mm × 25-cm;
5-µm 1S (USP36)
packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for sulfasalazine is about 7.7 min. ]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sulfasalazine (C18 H14 N4 O5 S) dissolved.
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Sulfasalazine RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NMT 10% of the labeled amount of sulfasalazine (C18 H14 N4 O5 S) is dissolved.
Buffer stage
Medium: pH 7.5 phosphate buffer; 900 mL
Apparatus 1: 100 rpm
Time: 60 min
At the end of 60 min, determine the amount of sulfasalazine (C18 H14 N4 O5 S) dissolved by
using the chromatographic method as described in Acid stage.
Tolerances: NLT 85% (Q) of the labeled amount of sulfasalazine (C18 H14 N4 O5 S) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

SPECIFIC TESTS
Delete the following:
• Other Requirements: Tablets respond to the Identification test and meet the requirements
for Uniformity of dosage units and Assay under Sulfasalazine Tablets. 1S (USP36)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Sulfasalazine RS

11
BRIEFING

Temazepam, USP 35 page 4780. As a part of USP monograph modernization efforts, a revision

PF 38(2): Mar.-Apr. 2012

304

proposal to replace the TLC-based procedure for Organic Impurities with two separate HPLCbased methods was published in PF 36(6) [Nov.–Dec. 2010]. On the basis of comments
received, the Expert Committee decided to cancel the PF 36(6) proposal for two separate
procedures for Organic Impurities, and propose a single, HPLC-based procedure.
The liquid chromatographic procedure is based on analyses validated with the Symmetry C18
brand of L1 column. The typical retention time for temazepam is about 10 min. The Zorbax SB18 brand of L1 column is a suitable alternate column for this procedure. Additionally, the
specification for Heavy Metals is revised to be consistent with USP monograph style.
(SM4: H. Ramanathan.)
Correspondence Number—C101282

Comment deadline: May 31, 2012
Temazepam

C16 H13 ClN2 O2

300.74

2H-1,4-Benzodiazepin-2-one, 7-chloro-1,3-dihydro-3-hydroxy-1-methyl-5-phenyl-;
7-Chloro-1,3-dihydro-3-hydroxy-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one
[846-50-4].
DEFINITION
Temazepam contains NLT 98.0% and NMT 102.0% of temazepam (C16 H13 ClN2 O2 ), calculated on
the dried basis. [Caution—Temazepam is a potent sedative: its powder should not be inhaled. ]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 2.7 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH of
3.0.
Mobile phase: Acetonitrile and Buffer (47:53)
Diluent: Methanol and water (90:10)
Standard solution: 0.2 mg/mL of USP Temazepam RS in Diluent
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Sample solution: 0.2 mg/mL of Temazepam in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 25-cm; 5-µm packing L16
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 800 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of temazepam (C16 H13 ClN2 O2 ) in the portion of Temazepam
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Temazepam RS in the Standard solution (mg/mL)
C=
U concentration of Temazepam in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis USP35

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Heavy Metals, Method II
NMT 1S (USP36)

231 :

20 µg/g
Change to read:
• Organic Impurities
Standard stock solution: 10 mg/mL of USP Temazepam RS in chloroform
Standard solution A: 0.1 mg/mL from the Standard stock solution in chloroform
Standard solution B: 0.05 mg/mL from the Standard stock solution in chloroform
Sample solution: 10 mg/mL of Temazepam in chloroform
Chromatographic system
(See Chromatography
Mode: TLC

621 , Thin-Layer Chromatography.)
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Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Cyclohexane, chloroform, methanol, and ammonium
hydroxide (50:40:12:1)
Analysis: Develop the chromatograms in the Developing solvent system until the solvent
front has moved about 10 cm above the point of application. Remove the plate from the
developing chamber, mark the solvent front, and allow the solvent to evaporate. Examine
the plate under short-wavelength UV light, and compare the intensities of any secondary
spots observed in the chromatogram of the Sample solution with those of the principal
spots in the chromatograms of the Standard solutions.
Acceptance criteria: No secondary spot from the Sample solution is greater in intensity
than 1.0%. The sum of the intensities of secondary spots from the Sample solution
corresponds to NMT 2.0%.
Solution A: 3.9 g/L of ammonium acetate in water
Solution B: Acetonitrile
Diluent: Acetonitrile and Solution A (30:70)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
70
30
13
70
30
25
30
70
28
30
70
33
70
30
35
70
30
Standard stock solution 1: 0.1 mg/mL of USP Temazepam RS prepared as follows.
Dissolve the Standard in acetonitrile using 30% of the final volume, and dilute with
Solution A to volume.
Standard stock solution 2: 0.1 mg/mL each of USP Temazepam Related Compound A RS,
USP Temazepam Related Compound F RS, and USP Temazepam Related Compound G RS
prepared as follows. Dissolve the Standards in acetonitrile using 30% of the final volume,
and dilute with Solution A to volume. [Note—Temazepam related compound A is used in
Standard stock solution 2 for identification purposes only. ]
Standard solution: 5 µg/mL each of USP Temazepam RS, USP Temazepam Related
Compound A RS, USP Temazepam Related Compound F RS, and USP Temazepam Related
Compound G RS in Diluent, from Standard stock solution 1 and Standard stock solution 2
Sensitivity solution: 0.2 µg/mL of USP Temazepam RS in Diluent from Standard stock
solution 1
Sample solution: 1 mg/mL of Temazepam prepared as follows. Dissolve in acetonitrile
using 30% of the final volume, and dilute with Solution A to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L1
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Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Signal-to-noise ratio: NLT 10, Sensitivity solution
Resolution: NLT 1.5 between temazepam related compound F and temazepam; NLT 1.5
between temazepam and temazepam related compound G, Standard solution
Relative standard deviation: NMT 5.0% for temazepam, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Temazepam taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of temazepam from the Standard solution
C=
S concentration of USP Temazepam RS in the Standard solution (mg/mL)
C=
U concentration of Temazepam in the Sample solution (mg/mL)
F= relative response factor (See Table 2)
Acceptance criteria: See Table 2. [Note—The reporting limit is 0.02% for temazepam
related compound A, and 0.05% for all other impurities. ]

Compound

Table 2
Relative
Retention
Time
0.54
0.63
0.83
1.0
1.3
1.6
2.0
2.6
—
—

Relative
Response
Factor
1.0
1.5
0.65
—
0.68
1.0
1.0
1.2
1.0
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.2
—
0.2
0.2
0.2
0.05
0.10
0.5

Oxazepama
Methylnordazepam N-oxideb
Temazepam related compound F c
Temazepam
Temazepam related compound Gd
O-Methyl temazepame
O-Acetyl temazepamf
Temazepam related compound Ag
Any individual unspecified impurity
Total impurities
a 7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodiazepin-2-one.
b 7-Chloro-1,3-dihydro-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide.
c 7-Chloro-1-methyl-5-phenyl-4,5-dihydro-1H-1,4-benzodiazepine-2,3-dione.
d 7-Chloro-1,4-dimethyl-5-phenyl-4,5-dihydro-1H-1,4-benzodiazepine-2,3-dione.
e 7-Chloro-1,3-dihydro-3-methoxy-1-methyl-5-phenyl-2H-1,4-benzodiazepin-2-one.
f 7-Chloro-1-methyl-2-oxo-5-phenyl-2,3-dihydro-1H-1,4-benzodiazepin-3-yl acetate.
g 5-Chloro-2-methylaminobenzophenone.
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1S (USP36)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Temazepam RS
USP Temazepam Related Compound A RS
5-Chloro-2-methylaminobenzophenone.
C14 H12 ClNO
245.70
USP Temazepam Related Compound F RS
7-Chloro-1-methyl-5-phenyl-4,5-dihydro-1H-1,4-benzodiazepine-2,3-dione.
C16 H13 ClN2 O2
300.74
USP Temazepam Related Compound G RS
7-Chloro-1,4-dimethyl-5-phenyl-4,5-dihydro-1H-1,4-benzodiazepine-2,3-dione.
C17 H15 ClN2 O2
314.77 1S (USP36)
BRIEFING
Triacetin, USP 35 page 4922. On the basis of comments received, it is proposed to revise the
following sections of the monograph:
1.
Use a lower sample concentration in Identification test B to adapt to the revised
Identification Tests—General 191 , Acetate test.
2.
Revise to perform the Acidity test more accurately and consistently with the EP version of
this monograph.
(SM1: L. Santos.)
Correspondence Number—C106395; C106396

Comment deadline: May 31, 2012
Triacetin

C9 H14 O6

218.21
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1,2,3-Propanetriol triacetate;
Triacetin;
Glyceryl triacetate
[102-76-1].
DEFINITION
Triacetin contains NLT 97.0% and NMT 100.5% of C9 H14 O6 , calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197F
Change to read:
• B.
Sample solution: Prepare as directed in the Assay.
Dilute the solution prepared in the Assay to 10 mg/mL in 0.5 N alcoholic potassium hydroxide.
1S (USP36)

Acceptance criteria: The solution meets the requirements of Identification Tests—General
191 , Acetate.
ASSAY
• Procedure
Sample: 1 g
Titrimetric system
(See Titrimetry 541 , Residual Titrations.)
Mode: Direct titration
Titrant: 0.5 N alcoholic potassium hydroxide VS
Back-titrant: 0.5 N hydrochloric acid VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL boiling flask. Add 50.0 mL of Titrant, connect the
flask to a water-jacketed condenser, and reflux on a steam bath for 45 min, swirling
frequently. Cool, and add 5 drops of phenolphthalein TS. Titrate the excess alkali with Backtitrant. Perform a blank determination. Each mL of Titrant is equivalent to 36.37 mg of
triacetin (C9 H14 O6 ).
Acceptance criteria: 97.0%–100.5% on the anhydrous basis
SPECIFIC TESTS
• Specific Gravity
• Refractive Index

841 : 1.152–1.158
831 : 1.429–1.430

Change to read:
• Acidity
Sample: 25 g
Analysis: Dilute the Sample with 50 mL of neutralized alcohol, add 5 drops of phenolphthalein
TS, and titrate with 0.020 N sodium hydroxide.
add 1.0 mL of 0.020 N sodium hydroxide. 1S (USP36)
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Acceptance criteria: NMT 1.0 mL of 0.020 N sodium hydroxide is required for neutralization.
The pink color of the mixture persists for 15 s. 1S (USP36)
• Water Determination, Method I

921 : NMT 0.2%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Triacetin RS

11
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by the
United States Pharmacopeia, the European Pharmacopoeia, and the Japanese Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a coordinating
pharmacopeia for each item. The PDG distributes the work by consensus among the three
participating pharmacopeias. Harmonization may be carried out retrospectively for existing
monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating pharmacopeia
results in the preparation of a Stage 3 draft monograph or chapter accompanied by a report giving
the rationale for the proposal and including validation data where appropriate. This report is based
on input that comes from users, authorities, producers, associations, literature, experts, and
staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a harmonized
Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia. In
PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to the
coordinating pharmacopeia, which then reviews those comments, prepares a harmonized Stage 5A
draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the other
two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according to
its own procedure. Adopted items are published by the three pharmacopeias in their Supplements
or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
BRIEFING
616 Bulk Density and Tapped Density of Powders, USP 35 page 255. The European
Pharmacopoeia is the coordinating pharmacopeia for the international harmonization of the
compendial standards for the Bulk Density and Tapped Density of Powders general chapter, as
part of the process of international harmonization of monographs and general analytical methods
of the European, Japanese, and United States pharmacopeias. The following general chapter,
which represents the OFFICIAL INQUIRY STAGE 4 document, is based on comments from the
United States Pharmacopeia and the Japanese Pharmacopoeia. As a follow up to the assessment
by ICH-Q4B EWG, the PDG has agreed that in Method 1 for Tapped Density, the 2-mL criterion
would be adapted to 1 mL when a 100-mL graduated cylinder is used instead of a 250-mL
graduated cylinder.
(GCPA: K. Moore.)
Correspondence Number—C109891

Comment deadline: May 31, 2012
616

BULK DENSITY AND TAPPED DENSITY OF POWDERS

Change to read:
BULK DENSITY
This general chapter has been harmonized with the corresponding texts of the European
Pharmacopoeia and/or the Japanese Pharmacopoeia.

The portion that is not harmonized is

marked with symbols (
) to specify this fact.
The bulk density of a powder is the ratio of the mass of an untapped powder sample and its
volume including the contribution of the interparticulate void volume. Hence, the bulk density
depends on both the density of powder particles and the spatial arrangement of particles in the
powder bed. The bulk density is expressed in grams per mL (g/mL), although the international unit
is kilograms per cubic meter (1 g/mL = 1000 kg/m3) because the measurements are made using
cylinders. It may also be expressed in grams per cubic centimeter (g/cm3). The bulking properties
of a powder are dependent upon the preparation, treatment, and storage of the sample, i.e., how
it was handled. The particles can be packed to have a range of bulk densities; however, the
slightest disturbance of the powder bed may result in a changed bulk density. Thus, the bulk
density of a powder is often very difficult to measure with good reproducibility and, in reporting
the results, it is essential to specify how the determination was made. The bulk density of a
powder is determined by measuring the volume of a known weight of powder sample that may
have been passed through a
sieve 2S (USP35)
into a graduated cylinder (Method I), or by measuring the mass of a known volume of powder that
has been passed through a volumeter into a cup (Method II) or a measuring vessel (Method III).
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Method I and Method III are favored.
Method I—Measurement in a Graduated Cylinder
Procedure—Pass a quantity of material sufficient to complete the test through a sieve with
apertures greater than or equal to 1.0 mm, if necessary, to break up agglomerates that may have
formed during storage; this must be done gently to avoid changing the nature of the material.
Into a dry, graduated 250-mL cylinder (readable to 2 mL) introduce, without compacting,
approximately 100 g of test sample, M, weighed with 0.1% accuracy. Carefully level the powder
without compacting, if necessary, and read the unsettled apparent volume (V0) to the nearest
graduated unit. Calculate the bulk density in g/mL by the formula m/V0 . Generally, replicate
determinations are desirable for the determination of this property. If the powder density is too
low or too high, such that the test sample has an untapped apparent volume of either more than
250 mL or less than 150 mL, it is not possible to use 100 g of powder sample. Therefore, a
different amount of powder has to be selected as the test sample, such that its untapped
apparent volume is 150–250 mL (apparent volume greater than or equal to 60% of the total
volume of the cylinder); the weight of the test sample is specified in the expression of results. For
test samples having an apparent volume between 50 and 100 mL, a 100-mL cylinder readable to 1
mL can be used; the volume of the cylinder is specified in the expression of results.
Method II—Measurement in a Volumeter
Apparatus—The apparatus (Figure 1) consists of a top funnel fitted with a 1.0-mm
sieve 2S (USP35)
.1 The funnel is mounted over a baffle box containing four glass baffle plates over which the
powder slides and bounces as it passes. At the bottom of the baffle box is a funnel that collects
the powder and allows it to pour into a cup of specified capacity mounted directly below it. The
cup may be cylindrical (25.00 ± 0.05-mL volume with an inside diameter of 30.00 ± 2.00 mm) or
cubical 2S (USP35)
(16.39 ± 0.2 mL volume with inside dimensions of
25.400 2S (USP35)
± 0.076 mm).
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Figure 1.
Procedure—Allow an excess of powder to flow through the apparatus into the sample receiving
cup until it overflows, using a minimum of 25 cm3 of powder with the square cup and 35 cm3 of
powder with the cylindrical cup. Carefully scrape excess powder from the top of the cup by
smoothly moving the edge of the blade of a spatula perpendicular to and in contact with the top
surface of the cup, making sure to keep the spatula perpendicular to prevent packing or removal
of powder from the cup. Remove any material from the sides of the cup, and determine the
weight, M, of the powder to the nearest 0.1%. Calculate the bulk density, in g/mL:
(M)/(VO)
in which VO is the volume, in mL, of the cup. Record the average of three determinations using
three different powder samples.
Method III—Measurement in a Vessel
Apparatus—The apparatus consists of a 100-mL cylindrical vessel of stainless steel with
dimensions as specified in Figure 2.

Figure 2.
Procedure—Pass a quantity of powder sufficient to complete the test through a 1.0-mm sieve, if
necessary, to break up agglomerates that may have formed during storage, and allow the
obtained sample to flow freely into the measuring vessel until it overflows. Carefully scrape the
excess powder from the top of the vessel, as described for Method II. Determine the weight (MO)
of the powder to the nearest 0.1% by subtraction of the previously determined mass of the
empty measuring vessel. Calculate the bulk density (g/mL) by the formula MO/100, and record the
average of three determinations using three different powder samples.
Change to read:
TAPPED DENSITY
The tapped density is an increased bulk density attained after mechanically tapping a graduated
measuring cylinder or vessel containing the powder sample. After observing the initial powder
volume or weight, the measuring cylinder or vessel is mechanically tapped, and volume or weight
readings are taken until little further volume or weight change is observed. The mechanical
tapping is achieved by raising the cylinder or vessel and allowing it to drop under its own weight a
specified distance by either of three methods as described below. Devices that rotate the cylinder
or vessel during tapping may be preferred to minimize any possible separation of the mass during
tapping down.
Method I
Apparatus—The apparatus (Figure 3) consists of the following:
A 250-mL graduated cylinder (readable to 2 mL with a mass of 220 ± 44 g)
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A settling apparatus capable of producing, in 1 min, either nominally 250 ± 15 taps from a
height of 3 ± 0.2 mm, or nominally 300 ± 15 taps from a height of 14 ± 2 mm. The support
for the graduated cylinder, with its holder, has a mass of 450 ± 10 g.

Figure 3.
Procedure—Proceed as described above for the determination of the bulk volume (V0). Secure
the cylinder in the holder. Carry out 10, 500, and 1250 taps on the same powder sample, and read
the corresponding volumes V10, V500, and V1250 to the nearest graduated unit. If the difference
between V500 and V1250 is less than
or equal to 2S (USP35)
2 mL, V1250 is the tapped volume. If the difference between V500 and V1250 exceeds 2 mL, repeat
in increments such as 1250 taps, until the difference between succeeding measurements is less
than
or equal to 2S (USP35)
2 mL. Fewer taps may be appropriate for some powders, when validated. Calculate the tapped
density (g/mL) using the formula m/VF, in which VF is the final tapped volume. Generally, replicate
determinations are desirable for the determination of this property. Specify the drop height with
the results. If it is not possible to use a 100-g test sample, use a reduced amount and a suitable
100-mL graduated cylinder (readable to 1 mL) weighing 130 ± 16 g and mounted on a holder
weighing 240 ± 12 g.
If the difference between V500 and V1250 is less than or equal to 1 mL, V1250 is the tapped volume.
If the difference between V500 and V1250 exceeds 1 mL, repeat in increments such as 1250 taps,
until the difference between succeeding measurements is less than or equal to 1 mL.
The modified test conditions are specified in the expression of the results.
Method II
Apparatus and Procedure—Proceed as directed under Method I, except that the mechanical
tester provides a fixed drop of 3 ± 0.2 mm at a nominal rate of 250 taps/min.
Method III
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Apparatus and Procedure—Proceed as directed in Method III—Measurement in a Vessel for
measuring bulk density using the measuring vessel equipped with the cap shown in Figure 2. The
measuring vessel with the cap is lifted 50–60 times/min by the use of a suitable tapped density
tester. Carry out 200 taps, remove the cap, and carefully scrape excess powder from the top of
the measuring vessel as described in Method III—Measurement in a Vessel for measuring the bulk
density. Repeat the procedure using 400 taps. If the difference between the two masses obtained
after 200 and 400 taps exceeds 2%, carry out a test using 200 additional taps until the difference
between succeeding measurements is less than 2%. Calculate the tapped density (g/mL) using
the formula MF/100, where MF is the mass of powder in the measuring vessel. Record the average
of three determinations using three different powder samples. The test conditions, including
tapping height, are specified in the expression of the results.
MEASURES OF POWDER COMPRESSIBILITY
Because the interparticulate interactions influencing the bulking properties of a powder are also
the interactions that interfere with powder flow, a comparison of the bulk and tapped densities
can give a measure of the relative importance of these interactions in a given powder. Such a
comparison is often used as an index of the ability of the powder to flow, for example the
Compressibility Index or the Hausner Ratio as described below.
The Compressibility Index and Hausner Ratio are measures of the propensity of a powder to be
compressed as described above. As such, they are measures of the powder’s ability to settle, and
they permit an assessment of the relative importance of interparticulate interactions. In a freeflowing powder, such interactions are less significant, and the bulk and tapped densities will be
closer in value. For poorer flowing materials, there are frequently greater interparticle interactions,
and a greater difference between the bulk and tapped densities will be observed. These
differences are reflected in the Compressibility Index and the Hausner Ratio.
Compressibility Index—Calculate by the formula:
100 × (V0

VF)/V0

V0 = unsettled apparent volume
VF = final tapped volume
Hausner Ratio—
V0/VF
Depending on the material, the compressibility index can be determined using V10 instead of V0.
[Note—If V10 is used, it will be clearly stated in the results. ]
1 The apparatus (the Scott Volumeter) conforms to the dimensions in ASTM 329 90.

BRIEFING
Cellulose Acetate. The United States Pharmacopeia is the coordinating pharmacopeia for the
international harmonization of the compendial standards for the Cellulose Acetate monograph,
as part of the process of international harmonization of monographs and general analytical
methods of the European, Japanese, and United States pharmacopeias. The following
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monograph, which represents the OFFICIAL INQUIRY STAGE 4 document, is based in part on
comments from the European Pharmacopoeia and the Japanese Pharmacopoeia. Differences
between the OFFICIAL INQUIRY STAGE 4 document and the current NF monograph include the
following:
1.
USP has added the requirements for absence of Escherichia coli and Salmonella based on
the EP proposal and internationally harmonized methods.
2.
For Limit of Free Acid, USP has added the requirement to filter using freshly boiled and
cooled water at the request of EP.
(EXC: K. Moore.)
Correspondence Number—C110085

Comment deadline: May 31, 2012
Cellulose Acetate
Cellulose acetate
Cellulose, diacetate
Cellulose, triacetate

[9035-69-2].
[9012-09-3].

DEFINITION
Cellulose Acetate is partially or completely acetylated cellulose. It contains NLT 29.0% and NMT
44.8%, by weight, of acetyl (C2 H3 O) groups, calculated on the dried basis. Its acetyl content is
NLT 90.0% and NMT 110.0% of that indicated on the label.
IDENTIFICATION
• A. Infrared Absorption
Sample solution: Prepare a solution (1 in 10) of Cellulose Acetate, previously dried, in
dioxane.
Analysis: Spread 1 drop of the Sample solution on a sodium chloride plate, place a second
sodium chloride plate over it, and spread the specimen between the plates. Separate the
plates, heat them both at 105 for 1 h, and reassemble the dried plates.
Acceptance criteria: The IR absorption spectrum exhibits maxima only at the same
wavelengths as that of a similar preparation of USP Cellulose Acetate RS, treated in the
same manner.
ASSAY
• Content of Acetyl
For Cellulose Acetate labeled to contain NMT 42.0% of acetyl groups
Sample: 2 g of Cellulose Acetate
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 1.0 N sodium hydroxide VS
Back-titrant: 1.0 N sulfuric acid VS
Endpoint detection: Visual
Analysis
Transfer the Sample to a 500-mL flask. Add 100 mL of acetone and 5–10 mL of water to
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the flask, insert the stopper into the flask, and stir with a magnetic stirrer until solution is
complete. Add 30 mL of Titrant to the solution, with constant stirring. A finely divided
precipitate of regenerated cellulose, free from lumps, is obtained. Insert the stopper into
the flask, and stir with a magnetic stirrer for 30 min. Add 100 mL of water that has been
preheated to 80 , washing down the sides of the flask, stir for 2 min, and cool to room
temperature. Titrate the excess sodium hydroxide solution with Back-titrant to a
phenolphthalein endpoint. Treat a blank in the same manner.
Calculate the percentage of acetyl in the portion of Cellulose Acetate taken:
Result = (VB

VS)/W × 4.305

V=
B Back-titrant volume consumed by the blank (mL)
V=
S Back-titrant volume consumed by Cellulose Acetate (mL)
W= weight of Cellulose Acetate taken, calculated on the dried basis (g)
Acceptance criteria: 29.0%–44.8% by weight of acetyl (C2 H3 O) groups on the dried basis
For Cellulose Acetate labeled to contain more than 42.0% of acetyl groups
Sample: 2 g of Cellulose Acetate
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 0.5 N hydrochloric acid VS
Back-titrant: 0.5 N sodium hydroxide VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 500-mL conical flask. Add 30.0 mL of dimethyl sulfoxide
and 100 mL of acetone, and stir for 16 h with the aid of a magnetic stirrer. Pipet 30 mL of
1 N sodium hydroxide VS slowly into the flask, with constant stirring. Insert the stopper
into the flask, and stir for 6 min. Allow to stand without stirring for 60 min. Resume stirring,
and add 100 mL of water that has been preheated to 80 , washing down the sides of the
flask. Stir for 2 min, and cool to room temperature. Add 4–5 drops of phenolphthalein TS,
and titrate the excess sodium hydroxide solution with Titrant. Add an excess of 0.5 mL of
Titrant. Stir for 5 min. Allow to stand for 30 min. Titrate with Back-titrant to a persistent
pink endpoint, using a magnetic stirrer for agitation. Calculate the net number of
milliequivalents of sodium hydroxide consumed, and correct this value by use of the
average of two blank determinations run concomitantly through the entire procedure.
Calculate the percentage of acetyl in the portion of Cellulose Acetate taken:
Result = (n/W) × 4.305
n= corrected value of the net number of milliequivalents of sodium hydroxide consumed
W
= weight of Cellulose Acetate taken, calculated on the dried basis (g)
Acceptance criteria: 29.0%–44.8% by weight of acetyl (C2 H3 O) groups on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 µg/g
Change to read:
• Limit of Free Acid
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Sample: 5 g
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.01 N sodium hydroxide VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL flask. Add 150 mL of freshly boiled, cooled water,
insert the stopper into the flask, swirl the suspension gently, and allow it to stand for 3 h.
Filter through paper, and wash the flask and the filter with freshly boiled, cooled water,
adding these washings to the filtrate. Add phenolphthalein TS, and titrate the combined
filtrate and washings with the Titrant.
Calculate the percentage of free acid in the portion of Cellulose Acetate taken:
Result = (V/W) × 0.06005
V= Titrant volume consumed (mL)
W
= weight of the Cellulose Acetate taken, calculated on the dried basis (g)
Acceptance criteria: NMT 0.1%, calculated as acetic acid
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 5.0%
Add the following:
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count is NMT 103 cfu/g; the total combined molds and yeasts count is
NMT 102 cfu/g; and it meets the requirements of the test for absence of Escherichia coli and
absence of Salmonella.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: The labeling states the nominal percentage content of acetyl.
• USP Reference Standards
USP Cellulose Acetate RS

11
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of new
and existing compendial methods, and other commentaries and articles relevant to drug standards
or to USP–NF revision will be considered for publication in Pharmacopeial Forum under the section
Stimuli to the Revision Process. Manuscripts are received with the explicit understanding that
they have not been published previously in any language or medium and that they are not
simultaneously under consideration by any other publication. All manuscripts are subject to review
by USP headquarters staff, Committee members, or qualified outside referees, and if accepted for
publication they will be subject to editing by USP staff. Accepted manuscripts become the
property of the USP Convention (USPC) and may not be subsequently published elsewhere without
written permission from the USPC. Authors are also responsible for obtaining permission for
reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except in
scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the current AMA
Manual of Style or the current ACS Style Guide. Authors may usefully consult a current edition of
Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current edition
of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal Editors
(ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical Journals and
Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies of
comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current wordprocessing application. The preferred format for graphics submitted electronically is tagged image
file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for publication should
be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
An Outline of Planned Changes to USP 1211 Sterilization and Sterility Assurance of
Compendial Articles
USP General Chapters—Microbiology Expert Committeea,b
ABSTRACT Sterility assurance is one of the most important product safety–related chapters in
USP. In this Stimuli article the General Chapters—Microbiology Expert Committee members outline
changes that are being made to the suite of USP chapters that help manufacturers and others
ensure the sterility of pharmaceutical and biopharmaceutical ingredients and products.
INTRODUCTION
Sterilization and Sterility Assurance of Compendial Articles 1211 is one of the most important
product safety–related chapters in USP. The adverse consequences associated with the
intravenous administration of potentially contaminated materials are severe (1,2). The risk
associated with poorly prepared and controlled sterile products has long been recognized within
the pharmacopeias, and the first sterility tests (precursors to the current USP Sterility Tests

71

) were introduced roughly 80 years ago in both BP and USP (3). The inclusion of a test for
sterility was only the first step. In order to meet the requirements of the sterility test, USP has
incorporated additional supportive content to aid practitioners in the establishment and control of
processes used for the manufacture of compendial articles that are purporting to be sterile. By
2011, the framework for control of sterility and sterility assurance had expanded to include seven
monographs for biological indicators, two general chapters, and three general information chapters
(4). These chapters were introduced and refined over a number of years, and the last major
revision to 1211 occurred in the mid-1980s (5). This patchwork of sterility-related materials
has become increasingly complex, making it ever harder to discern USP's perspectives on sterility
assurance.
The process for improvement to this interlocking content began in the 2005–2010 USP cycle and
was driven by three primary factors:
Recognition that the existing sterility-related information content was less than clear,
somewhat out of date and insufficient in coverage of this very broad and technically
demanding topic
The need for coordination of content brought about by the harmonization efforts for
USP's initiative for fundamental change in general information chapters (chapters
numbered greater than 1000), include an expectation for “more general information
without specifying procedures and acceptance criteria…”(6).

71

CHANGES AND REVISIONS
The Microbiology Expert Committee evaluated the current sterility-related content in USP and
developed an action list of potential changes and revisions:
The new/revised chapter

1211

will cover only the topic of sterility assurance.

An overarching new chapter 1229 Sterilization of Compendial Articles will be devoted
to general principles of sterilization of compendial articles.
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Individual chapters (the 1229 series) will be developed for each sterilization method
and related critical aspects. This will allow greater clarity of content and easier revision of
what is expected to be a substantial body of new content:
1229.1

Steam Sterilization by Direct Contact

1229.2

Steam Sterilization of Aqueous Liquids

1229.3

Monitoring of Bioburden

1229.4

Sterilizing Filtration of Liquids

1229.5

Biological Indicators for Sterilization

1229.6

Chemical Sterilization

1229.7

Gaseous Sterilization

1229.8

Dry Heat Sterilization

1229.9

Physicochemical Integrators and Indicators for Sterilization

1229.10

Radiation Sterilization

1229.11 Vapor Sterilization
The expert committee will develop a new chapter on vapor sterilization (a multiple-phase
process) that is not the same as gaseous sterilization (a single-phase process).
The expert committee will separate dry heat sterilization from depyrogenation—these
processes share only the use of dry heat, and virtually everything else in the two
processes is unique to one or the other.
Chapters will distinguish moist heat sterilization into sterilization by direct contact (i.e.,
parts, hard goods, and porous materials) and steam sterilization of aqueous liquids (i.e.,
finished products, laboratory media, in-process fluids, and biowaste). These processes
share a common mode of action, but there are enough differences among them that there
is benefit in treating them independent of each other.
The expert committee will add a chapter about liquid chemical sterilization, which is a
single-phase process analogous to gas sterilization and for which there was no previous
content. This process is becoming increasingly common in both device and biological
manufacturing.
Aseptic processing is an entirely separate process. It is not a sterilization process but
relies substantially on sterilization activities. It requires considerable expansion and better
coordination with other chapters, particularly with the newly revised Microbiological
Evaluation of Clean Rooms and Other Controlled Environments 1116 (7).
We will update references throughout the sterility-related content. There is a wealth of
new thinking.
Revision of virtually all of the existing content in 1211 will make the chapter more
instructional and contemporary.
A set of consistent and clear definitions will be provided for use throughout the revised
chapters.
Chapters will clarify the role of the biological indicator (BI) in relation to the bioburden in
sterilization processes.
The expert committee will integrate the newly developed endotoxin indicator monograph,
as well as BI and chemical indicators (CI) content in BI monographs and Biological
Indicators for Sterilization

1035

and Sterilization—Chemical and Physicochemical
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Indicators and Integrators 1209 ) with their respective depyrogenation or sterilization
chapters.
The content of BI monograph possibly may be relocated to an information chapter. BIs
have no therapeutic use.
Supportive materials will be restructured to allow easier development of other needed
content in the future.
New chapters will address bioburden and endotoxin burden monitoring.
Depyrogenation processes may be treated independent of sterilization, and chemical,
filtration, and physical endotoxin removal processes may be treated as distinct chapters
(in addition to dry heat) outside the

1229

series.

This list outlines a part of our current thinking, and although it is comprehensive it is not complete
or definitive and future further adjustments may be necessary. The scope and importance of the
changes is such that we expect to be involved with these changes for years to come.
Early in the process as changes to

1211

were proposed (8) in the context of harmonization

efforts related to 71 (9) and some minor updates elsewhere, we received several comments
from stakeholders stating in effect, “more significant changes are needed.” At that time we
acknowledged the need for those changes, but we also knew that it would require considerable
planning and multiple chapters to deliver the type of comprehensive revisions needed. The first
examples of our new approach, found in the accompanying draft chapters, provide an indication of
the level of detail and the approach we intend to follow. Of necessity, as we bring these chapters
to completion they will supersede the relevant existing content in a piecemeal fashion. The
difference is that in this revision process we have an overall vision of the end results, and we
expect that the new and revised chapters will offer a substantially clearer picture of this complex
subject.
CONCLUSION
As we go through this process, we encourage your feedback about both our general direction and
the individual content, including the new numbering system for interlinked chapters we are
proposing. We cannot accomplish this undertaking without your participation, constructive
criticism, and technical input.
APPENDIX
Members of the General Chapters—Microbiology Expert Committee include:
James Akers, PhD, Chair
James Agalloco, MS, MBA
Dilip Ashtekar, PhD
Anthony Cundell, PhD
Dennis Guilfoyle, PhD
Rajesh Gupta, PhD
David Hussong, PhD
Karen McCullough, MS
Russell Madsen, MS
Randa Melham, PhD
Jianghong Meng, PhD
Leonard Mestrandrea, PhD
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Rainer Newman, MS
Mickey Parish, PhD
Donald Singer, MS
Edward Tisdwell, PhD
Scott Sutton, PhD
Radhakrishna Tirumalai, PhD, USP Staff Liaison
REFERENCES
1. Tetzlaff R, Sheppard R, LeBlanc AJ. The validation story: perspectives on the systemic
GMP inspection approach and validation development. Pharm Technol. 1993;17(3):100–
116.
2. Matthews B. The Devonport incident, the Clothier report, and related matters—30 years
on. PDA J Pharm Sci Technol. 2002;56(3):137–149.
3. Sutton S. USP 1211 : the compendial informational chapter on sterility assurance:
origins and future direction. Pharm Technol [sterile manufacturing supplement].
2009;33(4):16S–21S.
4. USP USP 34–NF 29. Rockville, MD: USP; 2011.
5. USP. USP 21–NF 16, Sterilization and Sterility Assurance of Compendial Articles 1211 .
Rockville, MD: USP; 1985:1347–1352.
6. USP General Chapter Project Team, Prescription–Nonprescription Stakeholder Forum, de
Mars S, Abernethy DR, Koch WF, Long AG, et al. General chapter management in the
2010–2015 cycle. Pharmacopeial Forum. 2009;35(5):1372–1379.
7. USP. USP 32–NF 27, Microbiological Evaluation of Clean Rooms and Other Controlled
Environments

1116 . Rockville, MD: USP; 2009:608–616.

8. USP. Sterilization and Sterility Assurance of Compendial Articles
Forum. 2004;30(5):1729–1739.
9. USP. USP 27–NF 22, Sterility Tests

1211 . Pharmacopeial

71 . Rockville, MD: USP; 2004:2157–2162.

a The Appendix lists the members of the General C hapters—Microbiology Expert C ommittee.
b C orrespondence should be addressed to: Radhakrishna Tirumalai, PhD, Principal Scientific Liaison, US
Pharmacopeial C onvention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8339, e-mail
rst@usp.org.

PF 38(3): May-Jun. 2012

1

Table of Contents
PROPOSED IRA
Proposed IRA Intro Section

USP MONOGRAPHS
Glycopyrrolate
Heparin Sodium Injection

IN-PROCESS REVISION
IPR Introduction

GENERAL CHAPTERS
<643> Total Organic Carbon (USP36-NF31 1S)
<645> Water Conductivity (USP36-NF31 1S)
<787> Subvisible Particulate Matter in Therapeutic Protein Injections [NEW] (USP36-NF31 1S)
<1106> Immunogenicity Assays - Design and Validation of Immunoassays To Detect Anti-Drug
Antibodies [NEW] (USP36-NF31 1S)
<1118> Monitoring Devices - Time, Temperature, and Humidity (USP36-NF31 1S)
<1229.2> Steam Sterilization of Aqueous Liquids [NEW] (USP36-NF31 1S)
<1231> Water for Pharmaceutical Purposes (USP36-NF31 1S)
<1724> Semisolid Drug Products - Performance Tests (USP36-NF31 1S)
<2232> Elemental Contaminants in Dietary Supplements (USP36-NF31 1S)

REAGENTS, INDICATORS, AND SOLUTIONS
Reagent Specifications
Alizarin Complexone [NEW] (USP36-NF31 1S)
4-Amino-3-Hydroxy-1-Naphthalenesulfonic Acid (USP36-NF31 1S)
8-Amino-6-Methoxyquinoline (USP36-NF31 1S)
1,2,4-Aminonaphtholsulfonic Acid (USP36-NF31 1S)
Bacterial Alkaline Protease Preparation (USP36-NF31 1S)
Diatomaceous Earth, Flux-Calcined (USP36-NF31 1S)
1,1-Dichloro-2,2-Bis(P-Chlorophenyl)Ethane [NEW] (USP36-NF31 1S)
Ether, Peroxide-Free (USP36-NF31 1S)
Lanthanum Alizarin Complexan Mixture (USP36-NF31 1S)
Methyl Hexanoate [NEW] (USP36-NF31 1S)
Methyl Palmitoleate [NEW] (USP36-NF31 1S)
Pectate Lyase (USP36-NF31 1S)
Pepsin (USP36-NF31 1S)
Pepsin, Purified (USP36-NF31 1S)
Phosphomolybdic Acid (USP36-NF31 1S)

PF 38(3): May-Jun. 2012

Polyoxyethylene 10 Lauryl Ether [NEW] (USP36-NF31 1S)
Salicylic Acid [NEW] (USP36-NF31 1S)
Silica Gel, Octadecylsilanized Chromatographic (USP36-NF31 1S)
Sodium Bitartrate (USP36-NF31 1S)
Vinylpyrrolidinone (USP36-NF31 1S)
Test Solutions
Glucose Oxidase-Chromogen TS (USP36-NF31 1S)
Orthophenanthroline TS (USP36-NF31 1S)
Volumetric Solutions
Perchloric Acid, Tenth-Normal (0.1 N) in Glacial Acetic Acid (USP36-NF31 1S)
Chromatographic Columns
L45 (USP36-NF31 1S)
L48 (USP36-NF31 1S)
L66 (USP36-NF31 1S)

REFERENCE TABLES
CONTAINER SPECIFICATIONS
Containers for Dispensing Capsules and Tablets
DESCRIPTION AND SOLUBILITY
Description and Solubility
Description and Solubility - A
Description and Solubility - B
Description and Solubility - M
Description and Solubility - V

DIETARY SUPPLEMENT MONOGRAPHS
N-Acetyltyrosine (USP36-NF31 1S)
Valerian (USP36-NF31 1S)
Powdered Valerian (USP36-NF31 1S)
Powdered Valerian Extract (USP36-NF31 1S)
Valerian Tablets (USP36-NF31 1S)

EXCIPIENTS
USP AND NF EXCIPIENTS, LISTED BY CATEGORY
Briefing
Introduction
Emulsifying And/or Solubilizing Agent
Flavors and Perfumes
Plasticizer
Wetting And/or Solubilizing Agent

2

PF 38(3): May-Jun. 2012

NF MONOGRAPHS
Ammonium Glycyrrhizate [NEW] (USP36-NF31 1S)
Butane (USP36-NF31 1S)
Butyl Alcohol (USP36-NF31 1S)
Butyl Palmitostearate [NEW] (USP36-NF31 1S)
Butyl Stearate [NEW] (USP36-NF31 1S)
Cyclomethicone (USP36-NF31 1S)
Isobutane (USP36-NF31 1S)
Maltose (USP36-NF31 1S)
Potassium Benzoate (USP36-NF31 1S)
Propane (USP36-NF31 1S)
Sodium Benzoate (USP36-NF31 1S)

USP MONOGRAPHS
Acetaminophen (USP36-NF31 1S)
Amiloride Hydrochloride Tablets (USP36-NF31 1S)
Ampicillin (USP36-NF31 1S)
Anastrozole Tablets [NEW] (USP36-NF31 1S)
Antipyrine (USP36-NF31 1S)
Atropine Sulfate (USP36-NF31 1S)
Benzethonium Chloride Concentrate (USP36-NF31 1S)
Benzethonium Chloride Topical Solution (USP36-NF31 1S)
Calcium Acetate (USP36-NF31 1S)
Calcium Pantothenate (USP36-NF31 1S)
Dorzolamide Hydrochloride Ophthalmic Solution [NEW] (USP36-NF31 1S)
Dorzolamide Hydrochloride and Timolol Maleate Ophthalmic Solution [NEW] (USP36-NF31 1S)
Estradiol Pellets (USP36-NF31 1S)
Ether (USP36-NF31 1S)
Hypromellose (USP36-NF31 1S)
Kanamycin Sulfate (USP36-NF31 1S)
Maprotiline Hydrochloride (USP36-NF31 1S)
Memantine Hydrochloride Tablets [NEW] (USP36-NF31 1S)
Meprobamate (USP36-NF31 1S)
Meprobamate Tablets (USP36-NF31 1S)
Metacresol (USP36-NF31 1S)
Methacholine Chloride (USP36-NF31 1S)
Methenamine Mandelate Delayed-Release Tablets (USP36-NF31 1S)
Mitomycin (USP36-NF31 1S)
Mitomycin for Injection (USP36-NF31 1S)
Moexipril Hydrochloride [NEW] (USP36-NF31 1S)
Nicardipine Hydrochloride [NEW] (USP36-NF31 1S)
Nortriptyline Hydrochloride (USP36-NF31 1S)
Omeprazole (USP36-NF31 1S)
Phenytoin Sodium Injection (USP36-NF31 1S)
Povidone (USP36-NF31 1S)
Prilocaine Hydrochloride (USP36-NF31 1S)
Quinine Sulfate Capsules (USP36-NF31 1S)

3

PF 38(3): May-Jun. 2012

Quinine Sulfate Tablets (USP36-NF31 1S)
Ribavirin Capsules [NEW] (USP36-NF31 1S)
Thioridazine Hydrochloride Tablets (USP36-NF31 1S)
Valproate Sodium Injection (USP36-NF31 1S)
Valproic Acid (USP36-NF31 1S)
Valproic Acid Capsules (USP36-NF31 1S)
Valproic Acid Oral Solution (USP36-NF31 1S)
Vigabatrin [NEW] (USP36-NF31 1S)
Sterile Purified Water (USP36-NF31 1S)
Sterile Water for Inhalation (USP36-NF31 1S)
Sterile Water for Injection (USP36-NF31 1S)
Sterile Water for Irrigation (USP36-NF31 1S)

STAGE 4 HARMONIZATION
Harmonization Introduction Stage 4

STIMULI TO THE REVISION PROCESS
Stimuli Introduction
Products From Natural Origin for Health Purposes: Transitioning From Dietary Supplements To
Dietary Supplements and Traditional Medicines
Signal-To-Noise Measurements From Chromatographic Data
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The United States Pharmacopeial Convention comprises representatives from colleges and
national and state organizations of medicine and pharmacy. It publishes the U.S.
Pharmacopeia and National Formulary, the legally recognized compendia of standards for
drugs and products of other health care technologies. The USP and NF include assays and
tests for the determination of strength, quality, and purity and requirements for packaging
and labeling. Pharmacopeial Forum's Public Review and Comment Process
This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
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1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Section

Proposed and Adopted Revisions to the USP–NF
Content
How Readers Can Respond
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Proposed
Interim
Revision
Announcements

In-Process
Revision

Proposals for Interim
Revision Announcements
(IRAs) that will be published
as official USP or NF
standards
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
Proposals for standards that
will be published as official in
a future USP–NF book or
Supplement.
BRIEFING: Scientific
rationale for proposed
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Review material and send comments within 90
days of the PF publication in which the
standard was proposed (or per the comment
deadline listed in the Briefing section). Direct
comments to the USP Scientific Liaison using
the contact information provided at the end of
each Proposed IRA

Review material and send comments within 90
days of the PF publication in which the revision
was proposed (or per the comment deadline
listed in the Briefing section). Direct comments
to the USP Scientific Liaison using the contact
information provided at the end of each
proposed revision. For general inquiries or in
cases where a Scientific Liaison is not
identified, use the general USP telephone
number 301-881-0666 or fax number 301-9986839 or stdsmonographs@usp.org.

PF 38(3): May-Jun. 2012

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

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Glycopyrrolate, USP 35 page 3356. On the basis of comments received, it is proposed to add a
Procedure 2 in the test for Organic Impurities, using a flexible monograph approach, to
control the potential impurities by a different synthetic route. This proposed revision also
necessitates the addition of a Labeling statement and a revision of the section USP
Reference Standards

11 .

The UHPLC procedure in the test for Organic Impurities: Procedure 2 is based on analyses
performed with Waters ACQUITY UPLC BEH C18 brand of L1 column. The typical retention
time for glycopyrrolate is about 6 min. A similar separation was achieved with a procedure
modified as outlined in the Stimuli article “Transfer of HPLC Procedures to Suitable Columns
of Reduced Dimensions and Particle Sizes”, published in PF 35(6) [Nov.–Dec. 2009]. This
modified liquid chromatographic procedure used a 4.6-mm × 15-cm; 3.5-µm Waters XBridge
C18 column. The typical retention time for glycopyrrolate was about 17 min, and the relative
retention times of impurities listed in Table 4 remained unchanged.
The comment period for this revision ends July 31, 2012. In the absence of negative comments,
it is proposed to implement this revision through an Interim Revision Announcement, with an
official date of November 1, 2012.
(SM3: E. Gonikberg.)
Correspondence Number—C107493

Comment deadline: July 31, 2012
Glycopyrrolate
Change to read:
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C19 H28 BrNO3
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398.33

Pyrrolidinium, 3-[
(SR)- USP35
(cyclopentylhydroxyphenylacetyl)oxy]-1,1-dimethyl-,
[RS-] USP35
bromide;
(RS)-[3-(SR)-Hydroxy-1,1-dimethylpyrrolidinium bromide]

-cyclopentylmandelate

USP35

[596-51-0].
DEFINITION
Change to read:
Glycopyrrolate
USP35

contains NLT 98.0% and NMT
102.0% USP35
of glycopyrrolate (C19 H28 BrNO3 ),
calculated on the dried basis. USP35

IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP35
• C. Identification Tests—General, Bromide 191
Sample solution: 25 mg/mL
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Buffer: Prepare a solution of 1.0 g of anhydrous sodium sulfate and 200 mg of sodium 1hexanesulfonate monohydrate in 650 mL of water. To this solution add 3.0 mL of 1 N
sulfuric acid, and mix.
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Mobile phase: Acetonitrile, methanol, and Buffer (20:15:65)
Standard solution: 0.1 mg/mL of USP Glycopyrrolate RS in Mobile phase
Sample solution: 0.1 mg/mL of Glycopyrrolate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glycopyrrolate (C19 H28 BrNO3 ) in the portion of
Glycopyrrolate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of glycopyrrolate from the Sample solution
rS= peak response of glycopyrrolate from the Standard solution
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
C=
U concentration of Glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis USP35

IMPURITIES
• Residue on Ignition 281 : NMT 0.3%
Delete the following:
• Ordinary Impurities 466
Standard solutions: 0.05, 0.25, 0.5, and 1.0 mg/mL in alcohol
Sample solution: 50 mg/mL in alcohol
Eluant: A mixture of ethyl acetate, water, and anhydrous formic acid (74:16:10)
Adsorbent: Chromatographic silica gel
Application volume: 5 µL
Visualization: Dry the plate at 105 for 15 min, followed by Visualization Technique 3;
then air-dry the developed plate at room temperature for 2 h.
Acceptance criteria: The intensity of any secondary spot of the Sample solution
corresponds to NMT 0.5%, and the sum of the intensities of all secondary spots of the
Sample solution corresponds to NMT 2.0%. USP35
Change to read:
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• Organic Impurities:
Procedure 1
[Note—On the basis of the synthetic route, perform either Procedure 1 or Procedure 2.
Procedure 1 is recommended when 5-nitroisophthalic acid (see Table 2) may be present;
Procedure 2 is recommended when didehydroglycopyrrolate, chloroglycopyrrolate, and
methyl cyclopentylmandelate (see Table 4) may be present. ] (IRA 1-Nov-2012)
Buffer: Prepare a solution of 1.0 g of anhydrous sodium sulfate and 200 mg of sodium 1hexanesulfonate monohydrate in 650 mL of water. To this solution add 3.0 mL of 1 N
sulfuric acid, and mix.
Diluent: Prepare a solution of 1.0 g of anhydrous sodium sulfate, 6.8 g of monobasic
potassium phosphate, and 200 mg of sodium 1-hexanesulfonate monohydrate in 650 mL of
water. To this solution add 3.0 mL of 1 N sulfuric acid, 150 mL of methanol, and 200 mL of
acetonitrile, and mix. Adjust with phosphoric acid to a pH of 2.8.
Solution A: Acetonitrile, methanol, and Buffer (20:15:65)
Solution B: Acetonitrile, methanol, and Buffer (50:15:35)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10
100
0
25
10
90
35
10
90
37
100
0
45
100
0
Standard solution: 1.5 µg/mL each of USP Glycopyrrolate RS, USP Glycopyrrolate Related
Compound A RS, USP Glycopyrrolate Related Compound B RS, and USP Glycopyrrolate
Related Compound C RS in Diluent. Sonicate, if necessary, to facilitate dissolution.
Sample solution: 1.0 mg/mL of Glycopyrrolate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between glycopyrrolate and glycopyrrolate related compound B
Tailing factor: NMT 2.0 for the glycopyrrolate peak
Relative standard deviation: NMT 6.0% for each peak
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of glycopyrrolate related compounds A, B, and C in the portion
of Glycopyrrolate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each related compound from the Sample solution
rS= peak response of the corresponding related compound from the Standard solution
C=
S concentration of the corresponding related compound in the Standard solution (mg/mL)
C=
U concentration of Glycopyrrolate in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Glycopyrrolate
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of glycopyrrolate from the Standard solution
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
C=
U concentration of Glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
5-Nitroisophthalic acida
0.45
0.15
Glycopyrrolate
1.00
—
Glycopyrrolate baseb
1.14
0.15
Cyclopentylmandelic acidc
2.68
0.15
Any other individual impurity
—
0.10
Total impurities
—
0.50
a Glycopyrrolate related compound A.
b Glycopyrrolate related compound B.
c Glycopyrrolate related compound C.
USP35

Add the following:
• Organic Impurities: Procedure 2
Buffer: 3.4 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
(25 mM monobasic potassium phosphate buffer) to a pH of 2.5 ± 0.2.
Diluent: Acetonitrile and Buffer (1:1)
Solution A: Buffer
Solution B: Methanol
Mobile phase: See Table 3. Return to original conditions and equilibrate the system.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
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0
95
5
7
39
61
8
39
61
11
15
85
11.5
15
85
System suitability solution: 0.5 mg/mL of USP Glycopyrrolate RS and 1.0 µg/mL each of
benzoic acid, USP Glycopyrrolate Related Compound B RS, USP Glycopyrrolate Related
Compound I RS, USP Glycopyrrolate Related Compound C RS, and USP Glycopyrrolate
Related Compound L RS in Diluent
Standard solution: 1.0 µg/mL of USP Glycopyrrolate RS in Diluent
Sample solution: 0.5 mg/mL of Glycopyrrolate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 2.1-mm × 10-cm; 1.7-µm packing L1
Column temperature: 45
Flow rate: 0.42 mL/min
Injection volume: 2.5 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2.0 between glycopyrrolate and glycopyrrolate related compound B
Tailing factor: NMT 2.0 for the glycopyrrolate peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Glycopyrrolate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of glycopyrrolate from the Standard solution
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
C=
U concentration of Glycopyrrolate in the Sample solution (mg/mL)
F= relative response factor (see Table 4)
Acceptance criteria: See Table 4.

Name
Benzoic acid
Didehydroglycopyrrolatea
Glycopyrrolate
Glycopyrrolate baseb
Chloroglycopyrrolatec

Table 4
Relative
Retention
Time
0.82
0.89
1.00
1.06
1.22

Relative
Response
Factor
3.1
1.0
—
1.4
1.4

Acceptance
Criteria,
NMT (%)
0.15
0.15
—
0.15
0.15
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1.32
1.9
0.15
Cyclopentylmandelic acidd
1.52
1.8
0.15
Methyl cyclopentylmandelatee
Any other individual impurity
—
1.0
0.10
Total impurities
—
—
1.0
a 3-[2-(Cyclopent-1-en-1-yl)-2-hydroxy-2-phenylacetoxy]-1,1-dimethylpyrrolidin-1-ium
bromide.
b Glycopyrrolate related compound B.
c Glycopyrrolate related compound I.
d Glycopyrrolate related compound C.
e Glycopyrrolate related compound L.
(IRA 1-Nov-2012)

Add the following:
• Limit of Erythro Isomer
Buffer: 2.8 g/L of monobasic sodium phosphate in water. Adjust with a sodium hydroxide
solution (1 in 10) to a pH of 6.50 ± 0.05.
Mobile phase: Methanol, acetonitrile, and Buffer (50:10:40)
System suitability solution: 40 µg/mL each of USP Glycopyrrolate Erythro Isomer RS and
USP Glycopyrrolate RS in Mobile phase
Standard solution: 10 µg/mL of USP Glycopyrrolate RS in Mobile phase
Sample solution: 500 µg/mL of Glycopyrrolate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 222 nm
Column: 4.0-mm × 25-cm; 5-µm packing L45
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.2 between the erythro isomer and glycopyrrolate, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 6.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of erythro isomer in the portion of Glycopyrrolate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the erythro isomer from the Sample solution
rS= peak response of glycopyrrolate from the Standard solution
C=
S concentration of USP Glycopyrrolate RS in the Standard solution (mg/mL)
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C=
U concentration of Glycopyrrolate in the Sample solution (mg/mL)
Acceptance criteria: See Table 5.
Table 5
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Name
Erythro isomer (R,R/S,S-glycopyrrolate)a
Glycopyrrolate
a USP Glycopyrrolate Erythro Isomer RS.

0.89
1.00

0.4
—

USP35

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I 741 : 193 –198 , but the range between
beginning and end of melting does not exceed 2 .

USP35

• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at room temperature. USP35
Add the following:
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, the labeling
states the test with which the article complies. (IRA 1-Nov-2012)
Change to read:
• USP Reference Standards 11
USP Glycopyrrolate RS
USP Glycopyrrolate Erythro Isomer RS
(RS)-3-[(RS)-2-Cyclopentyl-2-hydroxy-2-phenylacetoxy]-1,1-dimethylpyrrolidinium
bromide.
C19 H28 BrNO3
398.33
USP Glycopyrrolate Related Compound A RS
5-Nitrobenzene-1,3-dicarboxylic acid.
C8 H5 NO6
211.13
USP Glycopyrrolate Related Compound B RS
1-Methylpyrrolidin-3-yl-2-cyclopentyl-2-hydroxy-2-phenylacetate.
C18 H25 NO3
303.40
USP Glycopyrrolate Related Compound C RS
2-Cyclopentyl-2-hydroxy-2-phenylacetic acid.
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C13 H16 O3

220.26

USP35

USP Glycopyrrolate Related Compound I RS
(RS)-3-[(SR)-2-(4-Chlorophenyl)-2-cyclopentyl-2-hydroxyacetoxy]-1,1dimethylpyrrolidin-1-ium bromide.
C19 H27 BrClNO3
432.78
USP Glycopyrrolate Related Compound L RS
Methyl 2-cyclopentyl-2-hydroxy-2-phenylacetate.
C14 H18 O3
234.29 (IRA 1-Nov-2012)
BRIEFING
Heparin Sodium Injection, USP 35 page 3406. Working closely with the FDA, USP proposes to
revise the Labeling section in order to address the growing safety concern over containers
with labels that do not clearly express the total drug strength. The Labeling section in the
currently official monograph requires that the label for multiple-dose vials reflect strength
per mL only, which conflicts with general test chapter Injections 1 , Strength and Total
Volume for Single- and Multiple-Dose Injectable Drug Products. This section requires that
the label reflect strength per total volume as the primary expression of strength, followed in
close proximity by strength per mL enclosed in parentheses. The proposed revision aligns the
monograph with

1

by removing the conflicting labeling requirement.

Note that all labeling requirements from 1

are not explicitly called out in the revised Labeling

section, as it is understood from the USP General Notices that 1 applies to all Injections
unless superseded by differing requirements in the monograph. Users should also be aware
that the aforementioned section of Injections
general chapter Labeling

7

1

will be relocated to the newly proposed

when that chapter becomes official.

USP wishes to work closely with all stakeholders on the implementation of this important
revision, and invites comments particularly on the proposed official date of the Interim
Revision Announcement (IRA) of November 1, 2012. If comments are received indicating that
a longer implementation period is required, a delayed official date will be considered.
(BIO12010: A. Szajek.)
Correspondence Number—C93767

Comment deadline: July 31, 2012
Heparin Sodium Injection
DEFINITION
Heparin Sodium Injection is a sterile solution of Heparin Sodium in Water for Injection. It
exhibits NLT 90.0% and NMT 110.0% of the potency stated on the label, in terms of USP
Heparin Units/mL.
ASSAY
• Anti-Factor IIa Potency
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pH 8.4 buffer: Dissolve 6.10 g of tris(hydroxymethyl)aminomethane, 10.20 g of sodium
chloride, 2.80 g of edetate sodium, and, if suitable, NMT 10.00 g of polyethylene glycol
6000 and/or 2.00 g of bovine serum albumin in 800 mL of water. [Note—2.00 g of human
albumin may be substituted for 2.00 g of bovine serum albumin. ] Adjust with hydrochloric
acid to a pH of 8.4, and dilute with water to 1000 mL.
Antithrombin solution: Reconstitute a vial of antithrombin (see Reagents, Indicators, and
Solutions—Reagent Specifications) in water to obtain a solution having a concentration of
5 antithrombin IU/mL. Dilute this solution with pH 8.4 buffer to obtain a solution having a
concentration of 0.125 antithrombin IU/mL.
Thrombin human solution: Reconstitute thrombin human (factor IIa) (see Reagents,
Indicators, and Solutions—Reagent Specifications) in water to obtain a solution having a
concentration of 20 thrombin IU/mL. Dilute this solution with pH 8.4 buffer to obtain a
solution having a concentration of 5 thrombin IU/mL. [Note—The thrombin should have a
specific activity of NLT 750 IU/mg. ]
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic thrombin
substrate for amidolytic test (see Reagents, Indicators, and Solutions—Reagent
Specifications) in water to obtain a concentration of 1.25 mM.
Stopping solution: 20% (v/v) solution of acetic acid
Standard solutions: Reconstitute the entire contents of an ampule of USP Heparin Sodium
for Assays RS with water, and dilute with pH 8.4 buffer to obtain at least four dilutions in
the concentration range between 0.005 and 0.03 USP Heparin Unit/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain similar
concentrations of heparin sodium.
Analysis
[Note—The procedure can also be performed using alternative platforms. ]
For each dilution of the Standard solutions and the Sample solutions, at least duplicate
samples should be tested. Label a suitable number of tubes, depending on the number of
replicates to be tested. For example, if five blanks are to be used: B1, B2, B3, B4, and B5
for the blanks; at least T1, T2, T3, and T4 in duplicate for the dilutions of the Sample
solutions; and at least S1, S2, S3, and S4 in duplicate for the dilutions of the Standard
solutions. Distribute the blanks over the series in such a way that they accurately
represent the behavior of the reagents during the experiments. [Note—Treat the tubes in
the order B1, S1, S2, S3, S4, B2, T1, T2, T3, T4, B3, T1, T2, T3, T4, B4, S1, S2, S3, S4,
B5. ] Note that after each addition of a reagent, the incubation mixture should be mixed
without allowing bubbles to form. Add twice the volume (100–200 µL) of Antithrombin
solution to each tube containing one volume (50–100 µL) of either the pH 8.4 buffer or an
appropriate dilution of the Standard solutions or the Sample solutions. Mix, but do not
allow bubbles to form. Incubate at 37 for at least 1 min. Add to each tube 25–50 µL of
Thrombin human solution, and incubate for at least 1 min. Add 50–100 µL of Chromogenic
substrate solution. All reagents, Standard solutions, and Sample solutions should be
prewarmed to 37 just before use. Two different types of measurements can be recorded:
1.Endpoint measurement: Stop the reaction after at least 1 min with 50–100 µL of
Stopping solution. Measure the absorbance of each solution at 405 nm using a
suitable spectrophotometer (see Spectrophotometry and Light-Scattering 851
). The RSD over the blank readings is less than 10%.
2.Kinetic measurement: Follow the change in absorbance for each solution over 1 min
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at 405 nm using a suitable spectrophotometer (see Spectrophotometry and LightScattering 851 ). Calculate the change in absorbance/min (DOD/min). The
blanks for kinetic measurement are also expressed as DOD/min and should give the
highest values because they are carried out in the absence of heparin. The RSD
over the blank readings is less than 10%.
Calculations: The statistical models for Slope-ratio assay or Parallel-line assay can be
used, depending on which model best describes the correlation between concentration
and response.
Parallel-line assay: For each series, calculate the regression of the absorbance or
change in absorbance per min against log concentrations of the Standard solutions and
the Sample solutions, and calculate the potency of heparin sodium, in USP Units/mL,
using statistical methods for parallel-line assays. Express the potency of heparin
sodium/mg, calculated on the dried basis.
Slope-ratio assay: For each series, calculate the regression of the log absorbance or
the log change in absorbance per min against concentrations of the Standard solutions
and the Sample solutions, and calculate the potency of heparin sodium, in USP Units/mL,
using statistical methods for slope-ratio assays. Express the potency of heparin
sodium/mg, calculated on the dried basis.
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 0.03 USP Endotoxin Unit/USP Heparin Unit

• Particulate Matter in Injections
injections
• pH

788 : Meets the requirements for small-volume

791 : 5.0–7.5

• Other Requirements: Meets the requirements for Injections

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, and store at a temperature below 40 , preferably at room temperature.
Change to read:
• Labeling: Label it to indicate the volume of the total contents and the potency in terms of
USP Heparin Units only per mL, except that single-dose containers may be labeled
additionally to indicate the single unit-dose volume and the total number of USP Heparin
Units. Where it is labeled with total content, the label states also that the entire contents
are to be used or, if not, any remaining portion is to be discarded. Label it to indicate also
the tissue and the animal species from which it is derived.
Label it to indicate the tissue and the animal species from which it is derived. (IRA 1-Nov-2012)
• USP Reference Standards 11
USP Endotoxin RS
USP Heparin Sodium for Assays RS
In-Process Revision
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This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item
appeared. Rationale for the revision. Other relevant information. (For example, if a
chromatographic method is being proposed, column specifications and retention times
for compounds of interest.) Finally, the Expert Committee acronym (the name of the
Scientific Liaison who handled the particular monograph or general chapter, and the
USP tracking correspondence number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

indicates that the proposed revision is slated for the Second Supplement to USP 34,

and
USP35

and

NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
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BRIEFING
643 Total Organic Carbon, USP 35 page 266. It is proposed to revise this chapter to
add a Total Organic Carbon limit test, to be used in the USP monographs Sterile Water for
Injection, Sterile Purified Water, Sterile Water for Irrigation, and Sterile Water for Inhalation.
The limit is proposed at 8.0 mg/L (8 ppm) of carbon, and it is based on a survey of the
industry’s current capability for sterile products. This test will be an alternative to the
Oxidizable Substances test, as described in concurrent proposed revisions to the water
monographs cited above. For details, see these four proposed revised monographs in the
section In-Process Revision in this issue of PF.
(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C115368

Comment deadline: July 31, 2012
643

TOTAL ORGANIC CARBON

Change to read:
Total organic carbon (TOC) is an indirect measure of organic molecules present in
pharmaceutical waters measured as carbon. Organic molecules are introduced into the water
from the source water, from purification and distribution system materials, and from biofilm
growing in the system
from biofilm growing in the system, and from the packaging of sterile and nonsterile waters.
1S (USP36)

TOC can also be used as a process control attribute to monitor the performance of unit
operations comprising the purification and distribution system. A TOC measurement is not a
replacement test for endotoxin or microbiological control. Although there can be a qualitative
relationship between a food source (TOC) and microbiological activity, there is no direct
numerical correlation.
A number of acceptable methods exist for analyzing TOC. This chapter does not endorse, limit,
or prevent any technologies from being used, but this chapter provides guidance on how to
qualify these analytical technologies for use as well as guidance on how to interpret instrument
results for use as a limit test.
Apparatuses commonly used to determine TOC in water for pharmaceutical use have in common
the objective of oxidizing the organic molecules in the water to produce carbon dioxide followed
by the measurement of the amount of carbon dioxide produced. Then the amount of CO2
produced is determined and used to calculate the organic carbon concentration in the water.
All technologies must discriminate between the inorganic carbon, which may be present in the
water from sources such as dissolved CO2 and bicarbonate, and the CO2 generated from the
oxidation of organic molecules in the sample. The discrimination may be accomplished either by
determining the inorganic carbon and subtracting it from the total carbon (total carbon is the
sum of organic carbon and inorganic carbon), or by purging inorganic carbon from the sample
before oxidation. Although purging may entrain organic molecules, such purgeable organic
carbon is present in negligible quantities in water for pharmaceutical use.
Change to read:
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BULK WATER
The following sections apply to tests for bulk Purified Water, Water for Injection, Water for
Hemodialysis, and the condensate of Pure Steam. 1S (USP36)
Apparatus Requirements: This test method is performed either as an on-line test or as an
off-line laboratory test using a calibrated instrument. The suitability of the apparatus must be
periodically demonstrated as described below. In addition, it must have a manufacturer’s
specified limit of detection of 0.05 mg/L (0.05 ppm) or lower of carbon.
When testing water for quality control purposes, ensure that the instrument and its data are
under appropriate control and that the sampling approaches and locations of both on-line and
off-line measurements are representative of the quality of the water used. The nature of the
water production, distribution, and use should be considered when selecting either on-line or
off-line measurement.
USP Reference Standards

11 : USP 1,4-Benzoquinone RS. USP Sucrose RS.

Reagent Water: Use water having a TOC level of not more than 0.10 mg/L. [Note—A
conductivity requirement may be necessary in order to ensure method reliability. ]
Container Preparation: Organic contamination of containers results in higher TOC values.
Therefore, use labware and containers that have been scrupulously cleaned of organic
residues. Any method that is effective in removing organic matter can be used (see Cleaning
Glass Apparatus

1051 ). Use Reagent Water for the final rinse.

Standard Solution: Unless otherwise directed in the individual monograph, dissolve in the
Reagent Water an accurately weighed quantity of USP Sucrose RS to obtain a solution having a
concentration of 1.19 mg/L of sucrose (0.50 mg/L of carbon).
System Suitability Solution: Dissolve in Reagent Water an accurately weighed quantity of
USP 1,4-Benzoquinone RS to obtain a solution having a concentration of 0.75 mg/L (0.50 mg/L
of carbon).
Reagent Water Control: Use a suitable quantity of Reagent Water obtained at the same time
as that used in the preparation of the Standard Solution and the System Suitability Solution.
Water Sample: Obtain an on-line or off-line sample that suitably reflects the quality of water
used.
Other Control Solutions: Prepare appropriate reagent blank solutions or other specified
solutions needed for establishing the apparatus baseline or for calibration adjustments following
the manufacturer’s instructions, and run the appropriate blanks to zero the instrument, if
necessary.
System Suitability: Test the Reagent Water Control in the apparatus, and record the
response, rW. Repeat the test using the Standard Solution, and record the response, rS.
Calculate the corrected Standard Solution response, which is also the limit response, by
subtracting the Reagent Water Control response from the response of the Standard Solution.
The theoretical limit of 0.50 mg/L of carbon is equal to the corrected Standard Solution
response, rS

rW. Test the System Suitability Solution in the apparatus, and record the
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response, rSS. Calculate the corrected System Suitability Solution response by subtracting the
Reagent Water Control response from the response of the System Suitability Solution, rSS
Calculate the percent response efficiency for the System Suitability Solution:
% response efficiency = 100[(rSS

rW)/(rS

rW.

rW)]

where rSS is the instrument response to the System Suitability Solution; rW is the instrument
response to the Reagent Water Control; and rS is the instrument response to the Standard
Solution. The system is suitable if the percent response efficiency is not less than 85% and not
more than 115%.
Procedure: Perform the test on the Water Sample, and record the response, rU. The Water
Sample meets the requirements if rU is not more than the limit response, rS rW. This method
can be performed using on-line or off-line instrumentation that meets the Apparatus
Requirements.
Add the following:
STERILE WATER
The following sections apply to tests for bulk Sterile Water for Injection, Sterile Purified Water,
Sterile Water for Irrigation, and Sterile Water for Inhalation.
Follow the requirements in Bulk Water, with the following exceptions.
Apparatus Requirements: In addition to the Apparatus Requirements in Bulk Water, the
apparatus must have a manufacturer’s specified limit of detection of 0.10 mg/L (0.10 ppm) or
lower of carbon.
Reagent Water: Use water having a TOC level of not more than 0.50 mg/L. [Note—A
conductivity requirement may be necessary in order to ensure method reliability. ]
Standard Solution: Unless otherwise directed in the individual monograph, dissolve in the
Reagent Water an accurately weighed quantity of USP Sucrose RS to obtain a solution having a
concentration of 19.0 mg/L of sucrose (8.0 mg/L of carbon).
System Suitability Solution: Dissolve in Reagent Water an accurately weighed quantity of
USP 1,4-Benzoquinone RS to obtain a solution having a concentration of 12.0 mg/L (8.0 mg/L of
carbon).
Water Sample: Obtain a sample that suitably reflects the quality of water used. Before
opening, vigorously agitate the package to homogenize the water sample. Several packages
may be required in order to collect sufficient water for analysis.
System Suitability: Test the Reagent Water Control in the apparatus, and record the
response, rW. Repeat the test using the Standard Solution, and record the response, rS.
Calculate the corrected Standard Solution response, which is also the limit response, by
subtracting the Reagent Water Control response from the response of the Standard Solution.
The theoretical limit of 8.0 mg/L of carbon is equal to the corrected Standard Solution
response, rS rW. Test the System Suitability Solution in the apparatus, and record the
response, rSS. Calculate the corrected System Suitability Solution response by subtracting the
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Reagent Water Control response from the response of the System Suitability Solution, rSS
Calculate the percent response efficiency for the System Suitability Solution:
% response efficiency = 100[(rSS

rW)/(rS

rW.

rW)]

where rSS is the instrument response to the System Suitability Solution; rW is the instrument
response to the Reagent Water Control; and rS is the instrument response to the Standard
Solution. The system is suitable if the percent response efficiency is not less than 85% and not
more than 115%.
Procedure: Perform the test on the Water Sample, and record the response, rU. The Water
Sample meets the requirements if rU is not more than the limit response, rS
the System Suitability requirements in Sterile Water. 1S (USP36)

rW, determined in

BRIEFING
645 Water Conductivity, USP 35 page 267. A revision is proposed for the acceptance
criteria for containers of sterile waters with a nominal volume of 10 mL or less, to harmonize
with initiatives of the Pharmacopeial Discussion Group. There are no changes to the
conductivity limit or method for Purified Water, Water for Injection, Water for Hemodialysis, or
Pure Steam.
(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C115368

Comment deadline: July 31, 2012
645

WATER CONDUCTIVITY

Electrical conductivity in water is a measure of the ion-facilitated electron flow through it.
Water molecules dissociate into ions as a function of pH and temperature and result in a very
predictable conductivity. Some gases, most notably carbon dioxide, readily dissolve in water
and interact to form ions, which predictably affect conductivity as well as pH. For the purpose
of this discussion, these ions and their resulting conductivity can be considered intrinsic to the
water.
Water conductivity is also affected by the presence of extraneous ions. The extraneous ions
used in modeling the conductivity specifications described below are the chloride and sodium
ions. The conductivity of the ubiquitous chloride ion (at the theoretical endpoint concentration
of 0.47 ppm when it was a required attribute test in USP XXII and earlier revisions) and the
ammonium ion (at the limit of 0.3 ppm) represent a major portion of the allowed water impurity
level. A balancing quantity of cations, such as sodium ions, is included in this allowed impurity
level to maintain electroneutrality. Extraneous ions such as these may have significant impact
on the water's chemical purity and suitability for use in pharmaceutical applications. The
procedure in the section Bulk Water is specified for measuring the conductivity of waters such
as Purified Water, Water for Injection, Water for Hemodialysis, and the condensate of Pure
Steam. The procedure in the section Sterile Water is specified for measuring the conductivity
of waters such as Sterile Purified Water, Sterile Water for Injection, Sterile Water for
Inhalation, and Sterile Water for Irrigation.
Online conductivity testing provides real-time measurements and opportunities for real-time
process control, decision, and intervention. Precaution should be taken while collecting water
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samples for off-line conductivity measurements. The sample may be affected by the sampling
method, the sampling container, and environmental factors such as ambient carbon dioxide
concentration and organic vapors.
INSTRUMENT SPECIFICATIONS AND OPERATING PARAMETERS
Water conductivity must be measured accurately using calibrated instrumentation. The
conductivity cell constant, a factor that represents the geometrical properties of the
conductivity sensor, must be known within ±2%. The cell constant can be verified directly by
using a solution of known or traceable conductivity, or indirectly by comparing the instrument
reading taken with the conductivity sensor in question to readings from a conductivity sensor
of known or traceable cell constant.
Meter calibration is accomplished by replacing the conductivity sensor with NIST (or equivalent
local national authority) -traceable precision resistors (accurate to ±0.1% of the stated value)
or an equivalently accurate adjustable resistance device, such as a Wheatstone Bridge, to give
a predicted instrument response. Each scale on the meter may require separate calibration prior
to use. The frequency of recalibration is a function of instrument design, degree of use, etc.
However, because some multiple-scale instruments have a single calibration adjustment,
recalibration may be required between each use of a different scale. Excluding the conductivity
sensor cell constant accuracy, the instrument accuracy must be ±0.1 µS/cm.
In order to increase the measurement accuracy on the conductivity ranges used, which can be
large, and to ensure a complete equipment calibration, it is suggested that periodic verification
of the entire equipment be performed. This could be done by comparing the
conductivity/resistivity values displayed by the measuring equipment with those of an external
calibrated conductivity-measuring device. The two nontemperature-compensated conductivity
or resistivity values must be equivalent to within ±20% of each other, or at a difference that is
acceptable on the basis of product water criticality and/or the water conductivity ranges in
which the measurements are taken. The two conductivity sensors should be positioned close
enough together to measure the same water sample in the same environmental conditions.
In addition to the verification method performed in nontemperature-compensated mode, a
similar verification performed in temperature-compensated mode could be performed to ensure
an appropriate accuracy of the equipment when such a mode is used for trending or other
purposes.
Because temperature has a substantial impact on conductivity readings of specimens at high
and low temperatures, many instruments automatically correct the actual reading to display the
value that theoretically would be observed at the nominal temperature of 25 . This is typically
done using a temperature sensor embedded in the conductivity sensor and an algorithm in the
instrument's circuitry. This temperature compensation algorithm may not be accurate.
Conductivity values used in this method are nontemperature-compensated measurements.
Temperature measurement is required for the performance of the Stage 1 test. It may be made
using the temperature sensor embedded in the conductivity cell sensor. An external
temperature sensor positioned near the conductivity sensor is also acceptable. Accuracy of the
temperature measurement must be ±2 .
The procedures below shall be performed using instrumentation that has been calibrated, has
conductivity sensor cell constants that have been accurately determined, and has temperature
compensation function that has been disabled. For both online and offline measurements, the
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suitability of instrumentation for quality control testing is also dependent on the sampling
location(s) in the water system. The selected sampling instrument location(s) must reflect the
quality of the water used.
BULK WATER
The procedure and test limits in this section are intended for Purified Water, Water for
Injection, Water for Hemodialysis, the condensate of Pure Steam, and any other monographs
which specify this section.
The combined conductivities of the intrinsic and extraneous ions vary as a function of pH and
are the basis for the conductivity specifications described in the Stage 3—pH and Conductivity
Requirements table and used when performing Stage 3 of the test method. Two preliminary
stages are included in the test method. If the test conditions and conductivity limits are met at
either of these preliminary stages, the water meets the requirements of this test. Proceeding to
the third stage of the test in these circumstances is unnecessary. Only in the event of failure
at the final test stage is the sample judged noncompliant with the requirements of the test.
Procedure
STAGE 1
Stage 1 is intended for online measurement or may be performed offline in a suitable container.
1. Determine the temperature of the water and the conductivity of the water using a
nontemperature-compensated conductivity reading.
2. Using the Stage 1—Temperature and Conductivity Requirements table, find the temperature
value that is not greater than the measured temperature, i.e., the next lower temperature. The
corresponding conductivity value on this table is the limit. [Note—Do not interpolate. ]
3. If the measured conductivity is not greater than the table value, the water meets the
requirements of the test for conductivity. If the conductivity is higher than the table value,
proceed with Stage 2.
Stage 1—Temperature and Conductivity Requirements
(for nontemperature-compensated conductivity measurements only)
Temperature
Conductivity Requirement (µS/cm)
0
0.6
5
0.8
10
0.9
15
1.0
20
1.1
25
1.3
30
1.4
35
1.5
40
1.7
45
1.8
50
1.9
55
2.1
60
2.2
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65
70
75
80
85
90
95
100

2.4
2.5
2.7
2.7
2.7
2.7
2.9
3.1
STAGE 2

4. Transfer a sufficient amount of water (100 mL or more) to a suitable container, and stir the
test specimen. Adjust the temperature, if necessary, and, while maintaining it at 25 ± 1 , begin
vigorously agitating the test specimen while periodically observing the conductivity. When the
change in conductivity (due to uptake of atmospheric carbon dioxide) is less than a net of 0.1
µS/cm per 5 min, note the conductivity.
5. If the conductivity is not greater than 2.1 µS/cm, the water meets the requirements of the
test for conductivity. If the conductivity is greater than 2.1 µS/cm, proceed with Stage 3.
STAGE 3
6. Perform this test within approximately 5 min of the conductivity determination in Step 5,
while maintaining the sample temperature at 25 ± 1 . Add a saturated potassium chloride
solution to the same water sample (0.3 mL per 100 mL of the test specimen), and determine
the pH to the nearest 0.1 pH unit, as directed under pH 791 .
7. Referring to the Stage 3—pH and Conductivity Requirements table, determine the
conductivity limit at the measured pH value. If the measured conductivity in Step 4 is not
greater than the conductivity requirements for the pH determined in Step 6, the water meets
the requirements of the test for conductivity. If either the measured conductivity is greater
than this value or the pH is outside the range of 5.0–7.0, the water does not meet the
requirements of the test for conductivity.
Stage 3—pH and Conductivity Requirements
(for atmosphere- and temperature-equilibrated samples only)
pH
Conductivity Requirement (µS/cm)
5.0
4.7
5.1
4.1
5.2
3.6
5.3
3.3
5.4
3.0
5.5
2.8
5.6
2.6
5.7
2.5
5.8
2.4
5.9
2.4
6.0
2.4
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6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0

2.4
2.5
2.4
2.3
2.2
2.1
2.6
3.1
3.8
4.6

Change to read:
STERILE WATER
The procedure and test limits are intended for Sterile Purified Water, Sterile Water for Injection,
Sterile Water for Inhalation, and Sterile Water for Irrigation, and any other monographs which
specify this section. The sterile waters are derived from Purified Water or Water for Injection,
and therefore have been determined to be compliant with the Bulk Water requirements before
being stored in the container. The specification provided represents the maximum allowable
conductivity value, taking into consideration the limitation of the measurement method and
reasonable container leaching. Such specification and the sampling volume choices should be
defined and validated on the basis of the intended purpose of the water.
Procedure
Obtain a sample that suitably reflects the quality of water used. Before opening, vigorously
agitate the package to homogenize the water sample. Several packages may be required to
collect sufficient water for analysis.
1S (USP36)

Transfer a sufficient amount of water to a suitable container, and stir the test specimen.
Adjust the temperature, if necessary, and, while maintaining it at 25 ± 1 , begin vigorously
agitating the test specimen while periodically observing the conductivity. When the change in
conductivity (due to uptake of ambient carbon dioxide) is less than a net of 0.1 µS/cm per 5
min, note the conductivity.
For containers with a nominal volume of 10 mL or less, if the conductivity is not greater than 25
15
1S (USP36)

µS/cm, the water meets the requirements. For containers with a nominal volume greater than
10 mL, if the conductivity is not greater than 5 µS/cm, the water meets the requirements.
BRIEFING
787 Subvisible Particulate Matter in Therapeutic Protein Injections. Particulate
Matter in Injections

788

was designed to control subvisible particles for small-molecule drug
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products that are delivered intravenously. The chapter outlines two procedures, a lightobscuration (LO) method and a microscopic analysis method, of which the former is preferred.
The two procedures quantify particles in drug products, helping ensure patient safety by
preventing the acceptance of products that contain particles that may cause capillary
occlusion.
Since general chapter 788 became official, the number of protein therapeutics has
increased markedly. Therapeutic protein manufacturers tend to use the LO method despite
several technical issues in using it for testing therapeutic proteins. Sample handling of protein
therapeutics is critical in obtaining reproducible subvisible particle measurements. These drug
products often are delivered as viscous, highly concentrated formulations that can trap air
bubbles if they are not handled properly when tested. These air bubbles result in artificially high
subvisible particle measurements. Proteins also can aggregate, or the protein particles may
break or agglomerate, thus resulting in artificially altered subvisible particle measurements. In
addition, the sonication procedure described in 788 for degassing is not appropriate for
biological samples, and degassing by letting the sample stand for 2 min is not always effective.
The large sample volumes required by the procedures in 788 also are an issue because
protein therapeutics typically are manufactured in small quantities, are delivered in small
volumes, are expensive, and early in development often are not available in the quantities
required for analysis by the procedures described in
chapter to address these issues.

788 . USP proposes this new general

(GCDF: D. Hunt.)
Correspondence Number—C105587

Comment deadline: July 31, 2012
Add the following:
787

SUBVISIBLE PARTICULATE MATTER IN THERAPEUTIC PROTEIN INJECTIONS

This chapter is provided as an alternative to USP general chapter Particulate Matter in
Injections 788 , specifically for therapeutic protein injections and related preparations,
allowing use of smaller test product volumes and smaller test aliquots with sample-handling
instructions that take into account the issues associated with the analysis of these materials.
This chapter is preferred for therapeutic protein injections, but either chapter can be used.
Therapeutic protein injections are biotechnology-derived products as defined in BiotechnologyDerived Articles 1045 ,1 including their infusion preparations as well as natural-source
therapeutic protein injections.
Particulate matter in therapeutic protein injections consists of mobile undissolved substances
that may originate from various sources. Particulates can originate from (a) foreign material
such as cellulose, (b) material introduced during manufacturing (e.g., from tank metals or
gaskets, formulation or packaging instability, or an insoluble drug salt form or package
degradation product), or (c) particles from the protein or formulation components. Gas bubbles
are common during particulate matter testing and may present counting artifacts. All of these
particle types may be counted in the test method described in this chapter. For the
determination of subvisible particles in therapeutic protein injections, the Light Obscuration
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(LO) Particle Count Test is the preferred method. The Microscopic Particle Size Test similar to
that described in 788 may be useful in cases where examination of particle morphology is
important, but results from this test are not equivalent to those from the LO test.
Not all therapeutic protein injections can be examined directly for subvisible particles by the LO
method. When the test method is not directly applicable to specific test samples, as indicated
by issues with reproducibility, linearity, or method verification, a quantitative dilution with an
appropriate diluent can be made to allow analysis by light obscuration. Method verification may
be required to ensure the appropriateness of the sample handling procedures, the performance
of the method for each drug product, and the number of units tested.
In the tests described below, the results obtained by examining a discrete unit or group of units
for particulate matter cannot be extrapolated with certainty to other units that remain
untested. Thus, sampling plans based on known operational factors must be developed to
support valid inferences from observed data in order to characterize the level of particulate
matter in a large group of units. Sampling plans should be based on considerations of product
volume, particle numbers historically found in comparison to limits, particle size distribution, and
variability of particle counts between units.
LIGHT OBSCURATION PARTICLE COUNT TEST
Analysts should use a suitable instrument that is based on the principle of light blockage and
that allows an automatic determination of particle size and number.
The sensor selected must be appropriate for the intended particle size range and anticipated
particle count. Several standardization steps such as sample volume accuracy, sample flow
rate, sensor resolution, calibration, and particle count accuracy are important for the proper
operation of the apparatus and are further reviewed in USP general chapter Methods for the
Determination of Particulate Matter in Injections and Ophthalmic Solutions 1788 .2
Analysts should calibrate the apparatus using dispersions of spherical NIST-traceable particle
size standards. These standards generally are between 2 µm and 100 µm. Analysts should
verify the performance of the apparatus using the USP Particle Count Reference Standard
dispersed in particle-free water. Care must be taken to avoid agglomeration of particles during
dispersion in the calibration process. The definition for particle-free water is provided in
Reagent Specifications in the Reagents, Indicators, and Solutions section.
General Precautions
Carry out the test under conditions that limit ingress of particulate matter, preferably in a
laminar-flow cabinet. The glassware and equipment used should be properly cleaned and
particle free. Care should be taken to minimize shaking and other stresses to the preparations
and not to introduce air bubbles into the preparation under examination. This is particularly
important when preparations are combined or transferred to the container in which the
determination will be carried out.
Two types of system blank controls are recommended: an Environmental Blank and a System
Suitability Blank. The Environmental Blank is run at the start of the day or analysis to ensure
proper care has been used in preparing the site and apparatus for use. The System Suitability
Blank is run between samples and product families to verify low contribution of particle load
between analytical sequences.
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ENVIRONMENTAL BLANK
In order to check that the environment is suitable for the test, that the glassware is properly
cleaned, and that the water that will be used is particle free, the following test is carried out:
determine the particulate matter in five aliquots of degassed particle-free water representative
of the product test volume but not less than 1 mL. If the number of particles 10 µm or greater
in size exceeds 1 particle per mL for the combined aliquot volumes, the precautions taken for
the test are not sufficient. The preparatory steps must be repeated until the environment,
glassware, and water are suitable for the test.
SYSTEM SUITABILITY BLANK
For the system suitability blanks, which also can be deemed system flushes, particle-free water
or appropriate diluent blanks are run in the same or similar type of container as product
samples, are degassed in the same manner, and generally are handled like the test article.
Determine the particulate matter in a sample of particle-free water that corresponds to the
product test volume, according to the method described below. A particle limit is not specified,
but results from the blank should not exceed the limits of the environmental blank that is NMT 1
particle per mL of 10 µm or greater size in order to demonstrate proper flushing and procedural
control. If the number of particles exceeds the recommended limit, rinsing can be continued
until a sufficiently low blank is attained.
Method
Product samples are tested in the manner that most suitably represents delivery (e.g., expelled
syringe contents). For parenterals that have a sufficient volume (i.e., volume large enough to
facilitate testing), testing of individual units is preferred. For parenterals that do not have a
sufficient volume, mix thoroughly, and combine the contents of a suitable number of units in a
separate container to obtain the volume required for a single test (generally 0.2–5.0 mL). If a
dilution is performed, ensure the blanked container has sufficient volume for product and
diluent. When a dilution is performed, ensure that no particles are introduced. Open each unit
cautiously, remove the sealing closure, and avoid contamination of the contents before
sampling, diluting, or, if necessary, pooling.
When a product diluent is specified, e.g., for lyophilized solids or powders for parenteral use,
the reconstitution or dilution must be performed with the appropriate amount of specified
diluent. In this case the diluent itself must be tested to ensure that it is not a significant
source of particles. Subtraction of the diluent count from the total count is not allowed.
Eliminating gas bubbles is a key step, especially for protein injectable products that may entrain
gas. Two methods are recommended: either allowing the product fluid to stand under ambient
pressure or applying gentle (e.g., 75 Torr) vacuum. Sonication should be avoided.
Once the samples have been degassed, they must be remixed gently to suspend all particles by
mixing the contents of the sample gently but thoroughly by an appropriate means, e.g., slow
swirling of the container by hand. Inversion to mix the product fluid is not recommended at any
time.
Immediately after mixing, withdraw not less than four aliquots, each of a volume appropriate for
the instrument's capacity (generally 0.2–5.0 mL). Count the number of particles over the
selected size range, including particles equal to or greater than 10 µm and 25 µm. Disregard the
result obtained for the first aliquot, and calculate the mean number of particles of the remaining
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aliquots for the preparation being tested. When necessary, pre-rinse the instrument sensors
with appropriate diluents before testing to reduce schlieren effects caused by the drug
product's viscosity or concentration. A tare volume also can be applied to control sampling that
should be representative of the sensor capability and needle volume.
Evaluation
For biotherapeutic solutions for parenteral infusion or injection supplied in containers with a
nominal content of less than or equal to 100 mL:
The preparation complies with the test if the average number of particles present in the units
tested does not exceed 6000 per container equal to or greater
than 10 µm and does not exceed 600 per container equal to or greater than 25 µm.
For biotherapeutic solutions for parenteral infusion or injection supplied in containers with a
nominal content of more than 100 mL:
The preparation complies with the test if the average number of particles present in the units
tested does not exceed 25 per mL equal to or greater than
10 µm and does not exceed 3 per mL equal to or greater than 25 µm. Also, total particle load
does not exceed 6000 per container equal to or greater
than 10 µm and does not exceed 600 per container equal to or greater than 25 µm.
Products that are used with a final filter during administration (in-line) are exempt from these
requirements. However, filtrates are expected to comply with the guideline.
MICROSCOPIC PARTICLE COUNT TEST
As noted, the LO method is the preferred method for therapeutic protein injections and
parenteral infusions. However, the microscopic method or alternative instrumental methods can
be used when appropriate, primarily when morphology is important (e.g., for determination of
extrinsic vs. intrinsic particles). Refer to USP

788

and

1788

for information about test

methodologies. Apply the limits for USP 788 membrane microscopic test for the
determination of product acceptability. Because some protein particles can be fragile or
translucent and may not be retained well on the membrane or are difficult to detect on the
membrane, the results of the Microscopic Particle Count Test are not equivalent to those of
LO, and the two methods cannot be considered interchangeable. 1S (USP36)
1 For informational purposes only, analysts can refer to
resource.

1045 , which may be a helpful but not mandatory

2 For informational purposes only, analysts can refer to
resource.

1788 , which may be a helpful but not mandatory

BRIEFING
1106 Immunogenicity Assays—Design and Validation of Immunoassays to Detect
Anti-Drug Antibodies. This new general information chapter describes best practices for
design, development, validation, and analysis of binding immunoassays that measure unwanted
immunogenicity responses following administration of biotherapeutic products.
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Immunogenicity Assays—Design and Validation of Immunoassays to Detect
Anti-Drug Antibodies
INTRODUCTION AND SCOPE

Anti-drug antibodies (ADA) can be induced when animal or human immune systems recognize a
protein drug product as foreign. The administration of biopharmaceuticals can elicit productspecific ADA, and various types of ADA responses can develop in either nonclinical or clinical
studies. [Note—A list of regulatory documents, white papers, and other relevant references is
contained in the Appendix. ] Although the main focus of this chapter is ADA immunoassay
design and validation, the chapter also includes discussion of an overall risk-based
immunogenicity assay testing strategy that includes preclinical and clinical studies.
ADA assay results are directly influenced by assay design, assay reagents, how the assay is
executed, and how assay data are analyzed. In fact, it essentially is impossible to compare the
results of studies that use different ADA assays. Guidance, such as this general information
chapter, recommending best practices and considerations for ADA assay development helps
ensure that the assays produce results that are meaningful for patient safety and product
efficacy.
The primary concern with unintended or unwanted immunogenicity of biological products is
whether antibodies produced by patients receiving the product lead to some form of clinical
response (e.g., an effect on safety or efficacy), but the utility and interpretation of preclinical
toxicology studies also can be influenced by the presence of ADA.
The pharmacokinetics (PK) or the pharmacologic activity of the drug can be altered by ADA
that either enhance or reduce the clearance of the drug, alter bioavailability, or inhibit or
exacerbate the pharmacological action of the drug. ADA that inhibit the activity of the product
also can bind to and cross-react with an endogenous protein counterpart of the product,
potentially leading to a deficiency syndrome. Under some circumstances, ADA can form immune
complexes that can induce serum sickness–type clinical responses. Moreover, IgE isotype ADA
responses can result in anaphylaxis.
Immunogenicity assessments are playing an increasing role in biopharmaceutical development as
part of Product Quality Risk Assessments (PQRAs) and the assessment of the criticality of
quality attributes (as described in ICH Q8 and Q9), also play a role in the demonstration of
process and product comparability after manufacturing process changes. Often the
manufacturing process for a biological therapeutic will be refined during clinical development,
and often changes occur after the sponsor obtains marketing authorization. Such changes,
however minor, potentially could affect the bioactivity, efficacy, or safety of a biotherapeutic,
and immunogenicity is a key consideration. Changes in the levels and types of degradation
products (oxidized, deamidated, aggregates, or others), isoforms of the protein, and processrelated impurities such as host-cell protein and DNA could affect immunogenicity and warrant
closer evaluation.
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FACTORS THAT AFFECT THE IMMUNOGENIC POTENTIAL OF A THERAPEUTIC PROTEIN
Many factors can influence whether administration of a biological product will induce an immune
response in the recipient, including the structure of the protein product itself, its variants, the
immune status and genetic makeup of the patient, and the dosing route and regimen used in
the clinic.
Protein Structure
The primary amino acid structure of the product and its variants can determine if there are
immunogenic epitopes that the patient's immune system recognizes as foreign, leading to an
immune response. Amino acid sequences that are not found in human proteins and thus could
be recognized as foreign by the human immune system (e.g., those derived from a nonhuman
cell line or created by protein engineering, e.g., fusion proteins) not surprisingly can induce an
immune response in humans. In addition, chemical modification of amino acids (e.g., oxidation or
deamidation) may result in a sequence that can stimulate an immune response, although few
data to date have confirmed such occurrences following administration of therapeutic proteins.
Truncation of the protein could expose amino acid motifs (neoepitopes) not normally exposed in
the native protein, stimulating an immune response.
In general, glycosylation does not appear to play a major role in the induction of immune
responses to biological products, although nonhuman (e.g., murine) or nonmammalian (e.g.,
products derived from plants) glycosylation can induce immune responses. An example is a
human monoclonal antibody that contained a terminal galactose- -1,3-galactose because of
posttranslational modification by its murine production cell line. This antibody was antigenic and
caused severe hypersensitivity reactions in presensitized individuals bearing cross-reactive IgE.
There was no evidence that this glycan induced primary immune reactions in naïve (i.e., not
presensitized) individuals. Such examples are rare. In fact, in many cases complex
carbohydrates may prevent or reduce the antigenicity of immunogenic proteins by shielding
epitopes from binding antibodies.
Aggregated protein has been shown to induce immunogenicity in animal models. Proposed
mechanisms of action include either presentation of high molecular weight, repeating subunits
(multimers) directly to B cells thereby inducing a T-cell–independent response or by inducing a
T-cell–dependent response via enhanced antigen presentation. Addition of polyethylene glycol
(PEG) molecules (PEGylation) to recombinant therapeutics has been attempted in order to
attenuate immunogenicity and antigenicity of recombinant proteins by limiting exposure of
epitopes. Although no clear evidence establishes that the immunogenicity of proteins is
diminished by PEGylation, some clinical data suggest that PEGylation can limit antibody binding
(i.e., antigenicity) to the protein backbone. PEG itself can be immunogenic and anti–PEG
antibodies should be monitored, especially in subjects with known PEG hypersensitivity. In fact,
a background level of anti–PEG antibodies is present in the general population, leading to the
requirement to develop an anti–PEG antibody assay as well as an ADA assay during the clinical
development of PEGylated products.
Process-related Impurities
Process-related impurities such as endotoxins, host-cell DNA, or proteins can act as adjuvants
and can provoke an immune response by evoking danger signals via activation of immune
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cellular receptors such as Toll-like receptors. Some postulate that leachables from primary
packaging components also can act as immune stimulators or affect the higher-order structure
of the protein product and induce an immunogenic response, although firm data are not yet
available.
Immune Status of the Patient
The ability of the patient's immune system to recognize and respond to a protein product can
dictate the level of immune response. Patients who are taking immunosuppressive drugs such
as glucocorticoids, cyclosporine, or methotrexate may have a lower likelihood of immune
response to a protein product despite its immunogenic potential. Conversely, autoimmune
diseases and inflammation may involve the overactivation of an immune system so that a
product's level of immunogenicity may be much greater than one would anticipate. The
pharmacologic activity of the protein therapeutic itself should also be taken into account. Some
protein therapeutics directed against B-cell antigens can deplete peripheral B-cells. Conversely,
other protein therapeutics may have immune-modulatory activities, e.g., altering patterns of Tcell trafficking. These activities may affect an individual patient's or a patient population's
ability to mount an immune response to a protein product.
A patient's immune status should also be considered when the patient exhibits specific preexisting ADA, cross-reacting ADA (for example, in the case of murine- or plant-derived
products), or antibodies against production cell line–related impurities that might induce a
clinical response.
Genetic Background of the Patient
Molecules that recognize and present protein-derived peptides to the adaptive immune system
—the human leukocyte antigen or major histocompatability antigen molecules—show
considerable genetic diversity between individuals and between populations in different parts of
the world. This diversity is one reason why different patients may have different immune
responses to the same product. Consequently, if clinical studies include only a population of
limited genetic diversity, then the immunogenicity profile of a protein therapeutic in that
population may not reflect its immunogenicity profile in the larger, more diverse population that
would be exposed to product after approval.
Dose and Route of Administration
The way a therapeutic protein product is used can influence its potential for immunogenicity.
Different routes of administration appear to have different effects on immunogenicity, and
subcutaneous injection generally is perceived to be a more immunogenic route of exposure than
is intravenous administration. The dosing regimen also can influence immunogenicity. A protein
therapeutic that typically is administered one time as a single dose (e.g., a thrombolytic
protein) is less likely to induce an immune response than is a protein therapeutic that is used in
a multidose regimen because the immune system usually requires a prime followed by a boost to
ensure a robust response. Patients may have pre-existing sensitization even without any known
exposure to a therapeutic protein product, and they may exhibit adverse clinical responses on
first exposure. However, products with long half-lives or those that are particularly
immunogenic (e.g., those with multiple T-cell epitopes) have been shown to induce ADA after a
single injection. A chronic dosing regimen has a greater chance of inducing an immune response
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because the immune system receives multiple exposures to the product and this can lead to a
strong memory T-cell response.
Another regimen that has caused ADA with clinical sequelae is one whereby a product is given
for a short period of time, stopped, and then introduced again only after a long lag period. This
has the effect of priming the immune system, and the reintroduction can cause immune-related
events such as allergic responses. The use of chronic dosing on a regular basis, although it
repeatedly provides the drug product, appears to avoid such hyper-responsiveness by inducing
some form of tolerance.
DETERMINATION OF PRECLINICAL AND CLINICAL IMMUNOGENICITY
Preclinical: Relevance and Scope of Preclinical Immunogenicity
The immunogenicity of many biotherapeutics is greater in preclinical studies and has low
predictive value for humans because an immune response to human or humanized proteins
tends to be greater in animals than in humans because of the perceived foreignness of the
protein in animals and the absence of an endogenous biological counterpart. Even though
detection of ADA in animals may not be clinically relevant, researchers must assess ADA for the
interpretation of the required toxicity data necessary for regulatory submissions (see ICH S6R1
in the Appendix).
Generally ADA assessments, PK data, and pharmacodynamic (PD) data aid in the interpretation
of the results and validity of animal toxicology studies. In some instances preclinical
immunogenicity data also can be used to compare the relative immunogenicity of products
before and after manufacturing changes, although only with the grossest of changes in relative
immunogenicity does this appear to be meaningful.
ADA may alter exposure to an active drug by blocking the therapeutic agent from binding to the
target or by accelerating the clearance of the therapeutic agent from circulation, resulting in
reduced exposure. Typically, samples should be collected for possible ADA analysis from all
preclinical safety studies in which animals are exposed to the drug for more than 7 days (see
references in the Appendix for more information). Because the key consideration for including
immunogenicity analysis in nonclinical studies is to demonstrate the exposure to the drug for
the duration of the study, this also can be achieved by demonstrating drug-mediated
modulation of a PD marker. In addition, an absence of an effect on the serum concentration or
PK profile of the drug also can indirectly demonstrate the absence of detectable effects of an
ADA on drug exposure. However, in some situations the development of an ADA may not
significantly affect the clearance of the drug, but instead the ADA may affect the drug's
binding to and activity at the target (e.g., anti–idiotype antibodies). Therefore, lack of effect
on a PD marker also should be considered to ensure activity is not affected by the ADA.
For most nonclinical studies, samples from various phases of the study should be collected,
banked, and analyzed with regard to any observed pharmacological or toxicological changes. In
fact, most nonclinical toxicology studies do not evaluate the kinetics of ADA development, and
samples for the assessment of ADA usually are taken at baseline, end of treatment, and end of
recovery periods.
Analyses of samples taken during the dosing phase also can be performed if unusual PK data or
toxicological findings are observed at the end of the study. In some instances when a soluble
target may be present in the circulation, understanding of ADA level (titers) can facilitate the
interpretation of toxicological findings.
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A risk-based approach should be used to determine if further characterization (e.g.,
demonstrating neutralizing activity) is necessary for preclinical studies. Factors such as the
presence of endogenous counterparts, utility of a PD marker, or the PK assay may affect this
decision. If data from a neutralizing antibody assay (Nab) is deemed necessary, then this assay
could be either a target-binding inhibition immunoassay or cell-based assay, irrespective of the
risk level. Immunogenicity evaluation and study data interpretation typically require serial
sampling and analysis of serum samples for PK, PD, and ADA. Such repeated and frequent
sampling may not be feasible when researchers conduct studies using rodents, particularly
mice. In such cases, the study can be designed to allow discrete analyses of toxicity, PK, PD,
and ADA endpoints from similarly treated cohorts of mice with sample collection at similar study
time points to allow inferential analysis of effects observed across treatment groups.
Clinical: Relevance and Scope of Immunogenicity Assessments
In clinical studies, ADA characterization is important to understand the safety and exposure
and efficacy profile of the therapeutic. Typically, the ADA analysis strategy in clinical studies
involves a screening assay for binding antibodies then a confirmatory assay, followed by further
characterization in Nab. Immunogenicity data from clinical studies generally are analyzed in the
context of their relevance to the PK and PD of the therapeutic and on adverse events. For
replacement therapies (e.g., enzyme-replacement therapies, blood clotting factors, and
erythropoietin), a comprehensive monitoring program should be designed based on ADA
detection combined with multiple safety parameters to monitor the potential for serious adverse
events.
Researchers must consider the kinetics of the appearance of ADA during clinical studies
because this can affect not only ADA detection but also the potential clinical sequelae. Some
products induce antibodies rapidly, but other biotherapeutics can take years before an immune
response is detected or can be correlated to any clinical sequelae. Investigators also should
consider whether an antibody response is transient or persistent. Therefore, understanding the
kinetics of ADA appearance is important. This goal can be achieved by carefully selecting ADA
sample collection times and taking care in developing the ADA assay for clinical studies.
Samples must be collected during each phase of the study (pretreatment, during treatment,
and during any washout phases). The sensitivity and drug tolerance of the ADA assay also
must be appropriate for the intended use of the assay. For example, when products have long
terminal half-lives (e.g., monoclonal antibodies) scientists must develop ADA assays that are
capable of detecting ADA in the presence of product levels that are expected to be present in
patient test samples. In addition, during the design of ADA sampling plans, researchers should
consider the appropriateness of obtaining samples after a washout period.
The number of patients assessed for ADA in clinical trials and the duration and timing of ADA
sample collection are critical factors to understand the incidence and clinical impact of ADA.
Other factors may confound ADA analysis, including the nature of the therapeutic itself, the
presence of pre-existing cross-reactive antibodies, rheumatoid factors, heterophilic antibodies,
soluble targets, or ligands. Samples should be taken to assess the levels of these interfering
factors in serum (and other PD markers as applicable) at the same time as ADA samples.
Besides determining the presence of binding antibodies, clinical immunogenicity assessments
routinely include further characterization of positive samples in titer assays as well as in Nab to
determine the potential effect of ADA levels to neutralize the drug's effect or to mediate safety
events. In addition, understanding the kinetics of ADA and Nab development by detection of
ADA in sequential samples taken throughout the study phases and elucidation of the isotype
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profile of ADA (immunoglobulin class and subclass) may aid in better understanding of patientand treatment-related factors and the mechanisms by which the therapeutic induces ADA
development.
RISK-BASED APPROACH TO ASSESSING IMMUNOGENICITY AND ITS CONSEQUENCES
Assessing the Potential Risk of Product-specific Immunogenicity
The concept of risk is defined in ICH Q9 as the combination of the probability of occurrence of
harm and the severity of that harm. In relation to pharmaceuticals, the protection of the
patient by managing the risk to safety should be considered of prime importance and thus risk
assessments of product-induced immune responses should focus on the potential severity of
clinical consequences from ADA responses rather than the probability of occurrence of ADA
responses. A few patients with severe or life-threatening ADA-related side effects are of more
concern than many ADA-positive patients who have no clinical consequences. Risk mitigation
should also be factored into the overall risk-assessment process (e.g., elimination of clinical
impact by co-medication).
Although ADA testing strategies can be based on immunogenicity risk assessment, this may not
always be feasible during early drug development when reliable assays may not be available.
ADA-induced safety events can range from mild side effects to life-threatening conditions. The
potential severity of the consequences of an ADA response should be considered as early as
possible. Table 1 summarizes some but not all of the risk factors that may influence the
severity of clinical consequences from an ADA response.
Table 1. Factors That May Influence the Severity of ADA-related Clinical Sequelae
LOWER
MEDIUM RISK
HIGHER RISK
RISK
Presence of an identical
No endogenous Redundant
Nonredundant counterpart
endogenous counterpart
counterpart
counterpart
(e.g.,
(e.g., erythropoietin or
(includes families of
(e.g.,
interferons
or
megakaryocyte growth and
proteins that share
Botulinum
growth
hormones)
development factor (MGDF))
domains)
toxin)
No structurally Medium
structurally
Presence of a structurally related
Highly structurally related
related
related endogenous
endogenous
endogenous molecule or
endogenous
molecule or domain
molecule or
domain exists
molecule or
domain
domain exists
Patient's disease state
Potential clinical
consequences of
immunogenicity

Lifethreatening
No clinically
meaningful
impact on
safety or
efficacy

Moderate-tosevere

Mild

Manageable
impact to safety
and/or efficacy

Extensive clinical influence on
safety or loss (or dramatic
increase) of efficacy

A number of factors may contribute to the incidence of an ADA response, and some but not all
of these factors are shown in Table 2. During an immunogenicity risk assessment the factors
shown in Table 2 should be considered in conjunction with those in Table 1. The clinical
consequences of immunogenicity are unpredictable, even with the risk assessments outlined
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above.
An immunogenicity risk assessment is of real value only when all the factors that influence the
likelihood and severity of a potential immune response are carefully considered. Risk
assessments should be done in a cross-functional manner, including input from clinicians, safety
assessment, PK, bioanalytical scientists, as well as process scientists. Consultations with
regulators and clinical safety monitoring boards also may be helpful and should be carried out
iteratively during the product development process as clinical data are obtained.
ADA-mediated clinical sequelae and ADA incidence rate are separate entities, but the two
factors are interrelated because the number of patients with ADA-mediated serious adverse
events may rise with a higher ADA incidence rate.
Table 2. Factors That May Influence ADA Incidence
MEDIUM
LOWER INCIDENCE
HIGHER INCIDENCE
INCIDENCE
Circulating
level of
Abundant
endogenous
counterpart
Patient's
immune status Suppressed
Exposure:
dosing regimen Single dose
or frequency
Route of
administration Intravenous or oral

Scarce

None

Normal

Activated

Chronic
(maintenance)
Multiple dosing
Subcutaneous,
intramuscular,
mucosal (noninhalational)

Limited number of multiple
doses or episodic dosing

Intradermal or inhalational

Lowest levels (or absence)
of product or processrelated impurities (e.g.,
aggregates or denaturation,
fragmentation)

Higher levels of product or
process related impurities
(e.g. aggregates;
denaturation,
fragmentation)
Intermediate levels of Higher level of antigenic
product or process
(derived from
Product
Molecular integrity of active related impurities, and epitopes
murine cell lines, contains
Characteristics substance maintained
potential epitope
novel mutated sequences,
content.
etc.)
No or low content of
potential T-cell epitopes
Mechanism of action:
immune activation
Mechanism of action: e.g.,
immunosuppressant
Risk-based Approach to ADA Testing Strategy
The ADA testing strategy should be based on an immunogenicity risk assessment. Appropriately
designed, validated, and executed immunogenicity assays and testing schemes provide the
data that make risk assessments possible and predict the eventual outcome for patients. The
frequency of sampling, neutralizing activity assessments, and qualitative or quasi-quantitative
measurements may all depend on perceived risk.
In clinical studies, patient safety is of primary concern, and the extent of ADA characterization
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necessary depends on the potential risk of ADA-related sequelae. The type of drug should also
be taken into account. For example, for a multicomponent fusion protein that contains at least
one component with a potentially high risk of adverse events, a domain-mapping method (i.e.,
reactivity of ADA with individual components) is recommended.
Generally, more extensive ADA testing and characterization should be applied if the risk of
clinical adverse effects is high. Samples should be analyzed and characterized based on the
timing and incidence of the ADA response as well as the occurrence and severity of clinical side
effects. A higher risk of ADA incidence normally does not warrant extensive characterization of
ADA, and usually the risk of clinical consequences drives the bioanalytical strategy.
Nevertheless, some investigations may be driven by the need to understand the cause of a
high ADA incidence (e.g., the reactivity of ADA with aggregates vs. nonaggregated material).
The following step-wise, risk-based testing strategy can be refined depending on the product's
level of risk and during the design of the clinical studies to ensure that the maximum amount of
data can be gained, including correlations to PK, PD, etc.
Step 1: Develop ADA methods that are fit for purpose and are consistent with current industry
best practices and regulatory guidance. Incorporate baseline and postdose ADA testing into the
clinical study design, together with concurrent testing for PK plus any relevant PD, safety, or
efficacy markers that will facilitate interpretation of ADA data. The analysis of results from ADA
testing should be built into study analysis plans.
Step 2: Test all pre- and post-dosing samples for ADA. Two important tests that should be
carried out in all cases are the ADA screening assay and the drug inhibition or immunoglobulin
depletion confirmation assay. Report as negative any ADA results below the assay cut-point
and with drug levels below the interference levels, as well as those that test negative in the
confirmatory assay. Test methods that are capable of sensitive ADA detection despite the
presence of trough levels of drug are desirable. In their absence, samples containing drugs
above the interference levels should be reported as inconclusive with a statement of possible
drug interference. In such cases, ADA analysis could be performed later following a drug
washout period to reach a conclusive result. For the confirmed positive samples, ADA levels
should be estimated, preferably by titration, but they can be reported in terms of relative mass
units.
Step 3: Samples deemed positive in Step 2 should be tested for neutralizing ability and
potentially other characteristics, depending on the risk assessment. In high-risk situations, NAb
activity should be measured, typically using a cell-based assay. Sometimes a ligand-binding
NAb assay format can be used if it is adequately proven to specifically detect NAb. Evaluation
of concurrently generated PK/PD or biomarker data may be helpful as an indirect assessment of
neutralizing antibody activity. In addition, determination of ADA isotypes and affinity may be
helpful in the overall assessment of the immune response. Allergic reactions associated with
drug administration may necessitate measurement of drug-specific IgE, although detection may
depend on the sampling scheme and method design.
DESIGN OF IMMUNOASSAY-BASED TEST METHODS
Immunoassay methods for ADA detection generally are complex and require a broad
understanding of multiple technical challenges. Screening assays that serve as the key first
step in the immunogenicity testing scheme are designed to have a certain false positive (rather
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than false negative) rate in order to maximize the sensitivity for detecting ADA. By ensuring a
defined false positive rate, analysts help ensure that the false negative rate essentially is zero.
Typically, positive screening samples are confirmed to contain drug-specific ADA in confirmation
assays before the determination of the level of ADA (titers) or any additional characterization.
Screening Assays
In their simplest form, screening ADA assays immobilize the therapeutic protein on a microtiter
plate or onto beads to capture ADA (solid phase) or co-incubate a labeled therapeutic protein
at a predetermined concentration with the sample containing ADA (solution assay). The bound
polyclonal ADA is then detected using a labeled secondary reagent or labeled drug. Limiting the
number of wash steps or reducing wash fluid dispensing rates may increase the detection of
antibodies with fast off-rates on assay platforms that use wash steps. Generally, screening
assays are designed to detect classes of antibodies that may be most relevant to the product's
route of administration, e.g., IgA for mucosal routes of administration. Although the most
common ADA raised against protein therapeutics are of the IgM and IgG isotypes, other
isotypes of ADA including IgE and IgA may require detection based on the clinical response and
the route of product administration. In addition, depending on how rapidly ADA responses
develop and the half-life of the therapeutic, it may be feasible to detect the development of
ADA initially of the IgM isotype that later affinity matures to an IgG isotype following repeat
administration of product.
Because screening assays serve as the first step in the immunogenicity testing program, these
assays generally are configured to have moderate throughput and often are automated. The
various technology platforms used to develop screening immunogenicity assays have inherent
strengths and weaknesses as outlined in Table 3. Development of a bioanalytical strategy to
use a certain technology platform for assay development should take into consideration the
nature of the product (e.g., a therapeutic protein or a monoclonal antibody), potential sources
of interference in the assay (e.g., therapeutic concentration anticipated in patient samples,
soluble target based on co-medications, and biology), and disease-specific interfering or crossreacting factors (e.g., rheumatoid factor).
In addition, analysts should confirm that the method does not result in an underestimation of
ADA-positive samples because the ADA binding epitopes on the capture reagent are blocked
with a tag or by coating on plates or beads. Another point for consideration in the design and
development of an ADA assay is the adaptability of the test for both nonclinical and clinical
matrices. Although most assay formats can transfer readily from nonclinical to clinical use,
there are exceptions. Further, clinical ADA assays should be qualified or validated for use with
samples collected from a similar patient population. Here again, although most ADA screening
assays may not show unique matrix interferences between one disease matrix and another,
there may be exceptions. Immunoassays used for ADA detection generally are quasiquantitative methods because standardized, species-specific (especially human) polyclonal ADA
calibrators generally are not available. The positive controls, typically developed in-house as
hyperimmune serum in animals or by phage display serve as surrogates for the drug-induced
ADA in treated patients.
As depicted in Table 3, some of the more common assay formats currently in use for
development of screening assays include plate-based or bead-based enzyme-linked
immunosorbent assays (ELISA; see also USP general chapter Immunological Test Methods—
Enzyme Linked Immunosorbent Assays (ELISA) 1103 ) with colorimetric, fluorometric, or
luminescent read-outs, plate-based or solution-phase electrochemiluminescent assays (ECL),
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surface plasmon resonance assays (SPR; see also USP general chapter Immunological Test
Methods—Surface Plasmon Resonance 1105 ), or biolayer interferometry assays, and
radioimmunoprecipitation assays (RIPA). In order to differentiate positive from negative
responses, assay cut-points are statistically determined using samples collected from the
target population. The assay cut-point also helps to determine the assay sensitivity. An
incorrectly established cut-point may result in false negatives or too many false positive
responses that must be ruled out as drug-specific responses in the confirmation assay. Assay
performance typically is optimized during development by evaluation of the following
parameters: sensitivity (lowest amount of detectable antibody in a sample demonstrated using
surrogate controls); specificity (likely detection of a true positive rather than a nonspecific
interaction); precision (reproducibility of results from multiple analyses); interference
(interfering substances in sample matrix, including the administered drug, that affects assay
sensitivity); and stability and robustness (likelihood of optimal assay performance over time).
After optimizing these parameters, analysts typically validate the method for its intended use.
If the initial assay cannot meet the performance goals (e.g., because of poor sensitivity or high
backgrounds), then analysts must develop and validate more than one assay format.
Table 3. Advantages and Disadvantages of Various Assay Types Currently Used to
Assess ADA
Assay Type
Advantages
Disadvantages
High throughput
Potential for high background
Readily available
May not be specific
Utility depends on capability to detect
Easy to automate
different Ig subtypes
Drug tolerance lower for solid-phase
Inexpensive
Direct/Indirect ELISA
ELISAs
Readouts can increase
sensitivity (e.g.,
electrochemiluminescence) Excessive washes can decrease
detection of low-affinity ADA
Drug tolerance higher for
solution-phase ELISAs
Low background
Difficult to confirm presence of IgM
Highly specific
Need to label product
Readily available
Easy to automate
Inexpensive
Format can be used across Reduced ability to detect low-affinity
Bridging Format
species and detects all
antibodies and IgG4 because of singleisotypes
arm binding between bound ligand and
detector
Can be used across
detection platforms
(colorimetric,
electrochemiluminescence,
etc.)
Flexibility to characterize
immune response
(concentration and relative Expensive technology
Surface Plasmon
affinity)
Resonance/ Biolayer
Interferometry Assays
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Higher drug tolerance and
can detect low-affinity
antibodies
Inexpensive
Highly sensitive

Radioimmunoprecipitation
Assays
Better for high-affinity
antibodies

Limited suppliers
Moderate throughput
Radioactive waste
Need to frequently requalify radiolabeled
reagents because of short half-life
Utility depends on capability to
precipitate all relevant antibody present
Can be less useful for low-affinity
antibodies

Confirmatory Assays
Samples that are positive in the screening assay usually are confirmed in a second assay that
includes adding a certain fold excess of the therapeutic. This is intended to demonstrate that a
positive signal seen in the ADA screening assay is caused by the presence of drug-specific
antibodies. Because the cut-point for the screening assay is set to result in the detection of
approximately 5% false positives, the confirmatory assay is used to rule out the false positive
samples from further analysis. Multiple options are available for performing confirmatory assays.
Usually a soluble drug is added to the sample and should compete with the plate-bound
immobilized drug for binding to sample ADA. A specific interaction to a soluble drug results in a
decrease in the assay signal. As with the screening assay, the cut-point for the confirmation
assay is established statistically. Verification of the presence of drug-specific antibody can also
be performed using an orthogonal method on a different assay platform that may have different
nonspecific binding profiles. Analysts should take care while adopting this approach to ensure
an adequately sensitive assay in order to avoid a false negative reaction. Finally, the specificity
of ADA to a drug can also be confirmed by depleting all immunoglobulin from a sample (e.g.,
using a Protein A or G column) followed by reanalysis of the depleted sample. In the latter
approach, the depleted sample scores negative in the assay if an antibody caused the original
signal. Validation of the confirmatory assays helps ensure that the results from the
confirmatory assay are appropriately interpreted.
Characterization Assays
Following screening and confirmation, the relative level of ADA in a positive sample is assessed
by titration. The most common approach is to serially dilute the sample and report the
reciprocal of the highest dilution factor at which the sample tests positive, or the titer of the
sample. The higher the sample dilution (and therefore the ADA titer value), the higher is the
concentration of circulating ADA in that sample. This approach has been used historically to
report serological data from vaccine studies. Another less frequently used approach is to
express the amount of ADA in the sample in mass units relative to a surrogate standard.
Although this approach has the advantage of relating the amount of antibody in the sample to
assay sensitivity, analysts should recognize that the calibrator may not be representative of
the polyclonal ADA responses under measurement.
Traditional approaches to dilutional linearity testing do not apply to ADA assays. However,
when analysts express ADA data in terms of titer values, they also should demonstrate that the
positive control(s) displays reasonable (relative) linearity of dilution.
In addition to performing titration, analysts routinely characterize positive ADA samples in
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neutralization assays to determine the effect of ADA on the biological or pharmacological
activity of the therapeutic product. Additionally, the isotype(s) of the ADAs also can be
analyzed. Isotype(s) identification is sometimes performed in a multiplexed manner. Using one
fluorescent multiplex platform, analysts mix each sample with multiple secondary reagents that
are specific to different immunoglobulin isotypes and are labeled with unique fluorochrome
labels.
An SPR-based platform also can be used for this purpose (also see Immunological Test
Methods—Surface Plasmon Resonance 1105 ). The isotype of an ADA can be determined by
observing binding of isotype-specific reagents (such as an anti–human IgG1 Ab) to the ADA
that has been captured by immobilized drug. Analysts should take care when identifying and
validating the isotype-specific reagents because unexpected cross-reactivity often is
observed. Isotyping can help understand the maturation of the immune response. For example,
an ADA response that is comprised solely of IgM antibodies is an immature immune response
without T-cell involvement and may or may not progress further. In contrast, an immune
response comprised of IgG1 and IgG4 antibodies represents a more mature response that has
already engaged more components of the immune system. ADA titration and characterization
assays are validated routinely using many of the same parameters as screening and
confirmation assays to ensure consistent assay performance.
VALIDATION OF IMMUNOASSAYS
Method validation is a process of demonstrating, by the use of specific laboratory
investigations, that the performance characteristics of an analytical method are suitable for its
intended use (see also USP general chapter Validation of Compendial Procedures 1225 ). The
level of method validation depends on the stage of product development and the risks
associated with the product. A partial validation involving assessments of method sensitivity,
specificity, and precision requirements with less emphasis on robustness, ruggedness, and
stability may be adequate for the earlier stages of clinical development (Phase 1–Phase 2
studies), whereas fully validated methods are required for pivotal and postmarketing studies.
Validation of an assay before use of the method for sample bioanalysis is called pre-study
validation, and amendments to this process may be made between studies. This process maps
out the performance characteristics of the assay and should demonstrate that the method is
suitable for its intended purpose when it is subsequently applied to study samples. In contrast,
in-study validation refers to the monitoring of assay performance during study-phase
applications of the assay in order to ensure that the assay remains valid and that the resulting
bioanalytical data are reliable.
Reliable performance of the assay also depends on all the elements spanning bioanalytical
testing and data manipulation, such as assay reagents, analysts, equipment, and computer
programs. In essence, the assay is a system comprising several elements other than assay
steps and reagents alone. Pre-study validation therefore establishes system suitability
(establishment of criteria for control samples that are used to accept or reject runs and
imprecision limits for individual samples), and then in-study validation continues to verify it.
Critical changes to methods often require additional validation (partial or full), sometimes
leading to the revision of the system suitability criteria.
Minimum Required Dilution
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During assay development the minimum required dilution (MRD) can be defined as the dilution
level of the ADA negative sample that results in the highest signal-to-variability ratio (or Z'
factor).
The ability to dilute such samples also should be assessed to ensure that the chosen MRD is
adequately distal to any prozone (hook) effects that may have been observed. Although they
are rare, some unusual prozone effects may require the test method to include more than one
dilution of a test sample to minimize false negative data.
The MRD should be evaluated during the assay development/design phase, i.e., before analysts
initiate the validation experiments, so analysts do not need to repeat the evaluation during
validation. It can be established using 10 individual drug-naïve ADA negative samples, each
tested in 2-fold serial dilutions (e.g., a range of 1:5 to 1:80). The MRD is sometimes defined as
the dilution level that results in the highest signal-to-background ratio when typically the
background is the reagent blank sample. However, this definition ignores the variability in the
signal. Therefore it is preferable to define the signal-to-background value and include
variability.
One way of doing this is to use a Z¢ factor that includes both the intensity of the assay
readout and its variability at different dilutions (see the Appendix for more information). The Z¢
factor for each dilution level is obtained from the formula [(mean (S)

3 SD (S)]

[mean (B)

+ 3 SD (B)]/[mean (S) mean (B)], where S is the assay signal of the diluted sample and B is
the background signal. Thus, the MRD is the dilution that results in a desired value for the Z¢
factor and signal-to-background ratio. This metric is widely used for high-throughput screening
assays to ensure adequate confidence in the ability to differentiate between truly active vs.
inactive compounds.
Pre-study Validation
Pre-study validation establishes the following:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Assay cut-points
System suitability criteria
Relative sensitivity
Specificity
Selectivity/interference
Precision
Robustness
Reproducibility
Stability
Assay Cut-points

Because of the quasi-quantitative nature of ADA detection methods, the use of a decision
threshold or cut-point becomes necessary to discriminate between ADA-positive and -negative
samples. Because the screening assay and specificity confirmation assay produce different
types of results, separate cut-points are necessary. In some instances, a different cut-point
also may be necessary for evaluating titers of confirmed positive samples from the titration
assay. Some key points in the evaluation process are summarized briefly below (more
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information is available in the Appendix).
Samples for cut-point evaluation: Samples from an appropriate population should be used for
the development of assay cut-points. In some cases it may not be practical or feasible to
obtain matrix samples from a population that has a target disease before initiating pre-study
validation experiments. Consequently, samples from healthy drug-naïve subjects are used
commonly to establish the initial cut-points. This approach is preferred for a conventional Phase
1 study with normal volunteers. When the clinical program progresses beyond Phase 1 and
samples from the target disease population become available, it is more appropriate to reevaluate cut-point data for the target population. If the distribution of assay responses with
respect to both the mean and variability are comparable between the target population and the
normal volunteers, then the same cut-point can be used. If not, target disease–specific cutpoints are more appropriate, and fixed or floating cut-points computed from the data obtained
from the baseline samples from a clinical trial can be considered.
Screening cut-points: The screening assay cut-point is a signal in the screening assay that
identifies a sample that is likely to contain ADA (termed a screen positive or potential positive
sample) vs. an ADA-negative sample. A screening assay cut-point is established during prestudy validation based on a systematic and statistically rigorous analysis of assay responses
from a panel of individual samples that are considered to be representative of drug-naïve target
patient population.
To determine the screening method cut-points for clinical assays, analysts should use samples
from at least 50 drug-naïve individuals for a robust evaluation. If multiple indications are
targeted, analysts should test at least 20 drug-naïve individuals per indication. For nonclinical
assays a total of at least 25 drug-naïve individuals should suffice. To ensure this cut-point is
robust, at least two analysts should perform this experiment over three days in at least two
different plate orientations. A balanced experimental design and plate layouts will help avoid
potential confounding between analysts, subject samples, run dates, etc. For clinical ADA
assays, if multiple disease-state populations are being tested they should be distributed evenly
across the plates to ensure they are properly balanced across plates and runs. Statistical
outliers of the sample results should be examined and eliminated, e.g., using outlier box plots
defined in terms of quartiles and interquartile range. In addition, confirmed reactive samples
(e.g., via immunodepletion) can be excluded as well.
Three types of screening cut-points can be calculated for application during the study phase—
fixed, floating, and dynamic—and one of these should be appropriately chosen for study phase
bioanalysis.
Fixed cut-point—A fixed cut-point is a cut-point that is determined in pre-study validation and
subsequently is used for the in-study phase. The fixed cut-point is used for analyses of test
samples until there is a need to revalidate or change the cut-point (e.g., because of a critical
change in the assay, assay transfer to another laboratory, upgraded instruments, etc.). The
cut-point value can be fixed within a given study, for a target population, or across studies and
multiple target populations. In order to use this approach, one should statistically demonstrate
similar means and variances across runs during pre-study validation. A fixed cut-point can be
determined based on the mean + 1.645 SD (standard deviation), which represents the 95th
percentile of the population under normal distribution (and therefore is expected to identify
approximately 5% of the samples as false positives). The standard deviation should include
different sources of variation such as the intra-run, inter-run, inter-analyst, and inter-subject
variability. If the data are not normally distributed, appropriate transformations (typically log
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transformations) can be used. If transformation doesn't help, usually it is acceptable to
determine the 95th percentile of the sample results empirically. Alternatively, even if the
validation data suggest similar means and variances across runs, to account for possible
deviations between assay runs during the in-study bioanalysis phase, it would be safer to apply
a floating cut-point.
Floating cut-point—A floating cut-point is a cut-point calculated by adding (if data were not
transformed) or multiplying (if data were log-transformed) a specific normalization factor,
determined from the pre-study validation data, to the biological background obtained during the
in-study phase. The biological background may be represented by the negative control (pool of
matrix from subjects that are negative for ADA), the assay diluent, or the predose subject
sample (subject-specific cut-point). The method for determining floating cut-point uses the
variation estimate from the pre-study validation that includes different sources of variation
such as the intra-run, inter-run, inter-analyst, and inter-subject variability. Such a cut-point is
recommended when the means of drug-naïve samples are not similar but the variances are
similar across runs. When a negative control is used for normalization, analysts also should
ensure that the negative control results represent the drug-naïve matrix sample results of the
target population. This is accomplished by demonstrating that the signal of the negative control
trends directionally with the signal of the individual samples. Alternatively, the use of assay
diluent for normalization or pretreatment subject (“baseline”) sample results may be more
appropriate.
Dynamic cut-point—A dynamic cut-point is a cut-point that changes between the plates in a
run, between runs in a study, or between studies, and it does not apply the variation estimates
from pre-study validation. The latter characteristic differentiates it from a floating cut-point.
This approach is necessary only where means and variances significantly differ between runs.
Because this approach entails testing of several individual drug-naïve samples for the
evaluation of a run-specific cut-point, it consumes a large portion of the plates from each instudy run and therefore is not practically feasible, especially when analysts use 96-well plates
instead of 384-well plates. Differences in variability between assay runs sometimes can be
resolved by further optimization of some key steps in the assay protocol or by resolving some
analytical issues. In some cases, the differences in variability can be attributed to different
analysts or instruments, and use of an analyst-specific or instrument-specific floating cut-point
may resolve this issue. If further optimization does not resolve the situation or if the causes are
not clear, another practical alternative may be to pool the variability across all runs and use
this pooled variance for floating cut-point evaluation during the in-study phase.
Specificity confirmation method cut-point: Because of the conservative approach of
incorporating a 5% false-positive rate into the computation of the screening cut-point, the
elimination of false-positive samples via confirmation of drug-specific binding is an important
component of ADA bioanalysis. It is also important to understand the level, if any, of the drug
itself within the sample.
The amount of change in assay signal that differentiates drug-specific binding from nonspecific
binding is referred to as the specificity cut-point. The specificity cut-point should be
determined by an objective approach in the context of assay variability near the low positive
range of the assay. To determine the specificity cut-point, drug-naïve negative samples from
at least 25 individuals should be evaluated, with and without drug preincubation. Ideally these
samples should be the same as those tested during the screening cut-point evaluation, and the
unspiked and spiked counterparts of the individual subject samples should be tested together in

PF 38(3): May-Jun. 2012

49

the same plates.
The mean percent change from the unspiked sample (inhibition) and SD are calculated. The
mean inhibition plus 3.09 SD (if a 0.1% false positive rate is desired) represents the specificity
cut-point. As in determination of the screening cut-point, specifically reactive samples after
preincubation with drug (i.e., those that contain pre-existing antibodies) and statistical outliers
should be eliminated in order to make the specificity cut-point more conservative. The
analytical process outlined above for the screening cut-point applies for the evaluation of the
specificity cut-point as well.
Alternative approaches such as the use of mock low positive samples in which the individual
drug-naïve samples are spiked with a low concentration of a positive control sometimes is
considered for this cut-point evaluation. However this method is subjective and is not
recommended because it depends on the concentration of the positive control and the unique
affinity/avidity of the positive control that may or may not represent true positive patient
samples. Additional sources of information regarding the relative statistical merits of these
approaches and methods for verifying the assumptions are listed in the Appendix.
Titration method cut-point: The titration method cut-point is a test result value below which
further serial dilution of an ADA-positive sample produces negative assay results. Typically, the
screening assay cut-point is used as the titration cut-point, but the validation of a separate
titration method cut-point can become necessary when the signal from the assay diluent or
buffer causes higher results than the screening assay cut-point (because of a blocking effect
of serum) or if samples at a dilution higher than the MRD do not generate consistently negative
results, i.e., when the screening cut-point falls on the lower plateau of the positive-control
dilution curve. In such instances, the same data generated during a screening cut-point
experiment can be used to define the titration cut-point using a 0.1% false positive rate
threshold criterion (i.e., Mean + 3.09 SD). During bioanalysis, confirmed positive patient
samples that fall between the screening cut-point and titration cut-point can be assigned a
titer value equal to that of the MRD.
Cross-reactivity method cut-point: If applicable, ADA-positive samples that are confirmed to
be specific to the drug can be further characterized for cross-reactivity to other related
antigens. Like the specificity confirmation assay, a cross-reactivity test method may require a
preincubation step with and without the related antigen. Cross-reactivity to the antigen is
confirmed when the percent inhibition of signal in the presence of the antigen is greater than or
equal to the cross-reactivity method cut-point. The methods for determining the crossreactivity method cut-point are similar to those for the specificity method cut-point, although
it also may be acceptable to apply the drug specificity confirmation cut-point.
Defining System Suitability
Assay controls: ADA-positive controls can comprise polyclonal or monoclonal anti–idiotypic
antibodies. They should be affinity purified and quantitated to enable assay validation. Each run
(or plate) should include at least a low level of positive control (low positive control) and a
negative control, but the inclusion of a higher level control (high positive control) also can be
useful in monitoring method performance. A low positive control helps ensure that the assay
remains as sensitive during study phase bioanalysis as during the pre-study validation.
On the one hand, the low positive control should produce a response that can be seen
reproducibly above the cut-point, but sometimes it may result in a signal that is below the cutpoint (thereby failing or invalidating the assay). On the other hand, choosing an unreasonably
high concentration for a low positive control may produce an assay signal that is substantially
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above the cut-point, which is inappropriate. To provide objectivity to the selection of a low
positive control concentration, it is useful to think in terms of assay rejection rates, i.e., the
percentage of assays (plates) that fail because the low positive control produces a result
below the cut-point. For example, a 1% rejection rate may be a reasonable target for a low
positive control. This is calculated as mean + t 0.01,df × SD, where mean and SD are determined
using the data from the sensitivity experiment or related assay development data, and t 0.01,df is
the critical value determined from the t-distribution corresponding to a 1% false positive rate
and df is the degrees of freedom that depends on the number of samples and runs used in the
calculation. This theoretically implies that about 99% of the data from the low positive controls
will be at or above the cut-point.
An optional high positive control can be useful for methods that are prone to hook effects,
tracking assay performance, reagent qualifications, and troubleshooting. The concentration of
the high positive control should be chosen from the upper end of the linear range of the dilution
curve, usually just below the upper plateau of the curve.
System suitability criteria: System suitability criteria using assay controls help ensure that an
analytical procedure remains valid for use. Acceptance ranges (system suitability criteria) for
quality controls should be established by statistical evaluation of the experimental data
acquired during assay validation.
When the floating cut-point approach is deemed necessary and is used for the screening cutpoint evaluation, the system suitability criteria or limits can be defined for the ratio of the low
positive control to the negative control and for the ratio of the high positive control to the low
positive control instead of defining limits separately for each positive control. It is also useful to
apply acceptance criteria for intra-assay precision (variability of signals of replicates in an
assay) for the in-study phase. Although data from assays that fail acceptance criteria during
the in-study phase should be rejected, setting criteria for passing or failing assays in pre-study
validation experiments should be avoided because these potentially can lead to the exclusion of
some validation data, resulting in an inaccurate estimate of analytical error. All assays during
pre-study validation should be included, and the only exceptions should be those rejected for
an assignable cause (e.g., technical error).
Relative Sensitivity
No ADA-positive control can be expected to represent the spectrum of humoral immune
responses observed in individuals treated with study compounds. The sensitivity of ADA assays
is highly dependent on the nature of the positive control reagent(s) so that high-affinity
positive controls often produce better sensitivity values than lower affinity positive controls in
the same assay. Analysts should consider this when they choose controls, as well as when
they estimate assay sensitivity. Moreover, because the drug itself can interfere with ADA
detection, the sensitivity of ADA detection becomes progressively worse in the presence of
increasing concentrations of drug within the sample. Despite these caveats, the determination
of assay sensitivity is valuable when analysts choose an optimal ADA detection method or
platform, a low positive control for validation, or assess the suitability of an assay. The
assessment of assay sensitivity in the presence of an interfering drug (drug tolerance) is
critical for understanding the suitability of the method for detecting ADA in dosed patients. ADA
assay sensitivity should be defined not as a single value, but as a set of at least two values:
(1) the concentration of positive-control ADA detected within undiluted matrix in the absence
of any drug and (2) the concentration of positive-control ADA detected within undiluted matrix
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in the presence of drug levels expected at the time points when samples for ADA analysis are
taken. Assays should, in general, demonstrate a sensitivity of at least 500 ng/mL for methods
applied to clinical studies (or 1000 ng/mL for nonclinical studies) to show suitability for intended
purpose—that is, for the detection of clinically meaningful ADA, although assay sensitivity
should be justified on a case-by-case basis. It is not useful to express sensitivity in terms of
antiserum titers, and thus sensitivity should be assessed using monoclonal antibody or affinitypurified polyclonal preparations. Analysts can evaluate sensitivity by means of two assay runs
performed by two independent operators (when feasible) for a total of at least three runs.
To assess sensitivity in the absence of a drug, analysts should prepare mock samples with
known concentrations of ADA that are serially diluted (usually 2- to 3-fold serial dilutions) in
matrix pooled from drug-naïve individuals and evaluated according to the screening method until
the assay results of the dilutions in matrix are below the screening assay cut-point. The lowest
concentration of ADA that is consistently found (for example, using a 95% upper confidence
limit based on the number of runs or operators) above the screening assay cut-point is
determined to be the sensitivity of the assay. Alternatively, it can be the lowest concentration
of ADA that is found to be above the screening assay cut-point in all runs by all operators or in
19 of 20 runs (see the Appendix for more information).
To assess sensitivity in the presence of a drug, two alternative experimental approaches should
be considered: (1) titrate the drug into undiluted matrix containing set concentrations of a
positive-control ADA (e.g., 250, 500, or 750 ng/mL). Report the highest concentration of the
drug at which ADA remains detectable. (2) Alternatively, because immunogenicity samples
often are taken at drug trough time points, prior knowledge of the anticipated trough drug
concentration range could be used to determine the assay sensitivity in the presence of the
expected concentrations of the drug. Titration of ADA against three concentrations of the drug
(the projected first quartile, median, and the third quartile of the range) in undiluted matrix
leads to ADA detection sensitivity levels in the presence of the trough drug level that is unique
to each clinical study (i.e., sensitivity of ADA detection in the presence of a drug level in 25%,
50%, and 75% of the subjects).
Specificity
Specificity refers to the ability of a method to detect ADA that specifically binds the drug
molecule, its domains, or components. The assay is developed and optimized based on the
ability of the positive-control ADA to specifically bind the drug. During validation, results of the
specificity confirmation assay support assay specificity.
Selectivity and Interference
The selectivity of an ADA assay is its ability to identify a positive control in biological matrix
samples that may contain potential interfering substances and is an important concern for ADA
detection assays. Such matrix effects typically arise from nonspecific binding interactions
between a matrix-based factor and the ADA or from specific binding of unknown factors. During
validation, analysts assess the selectivity of the ADA assay by looking at the recovery of
analyte (represented by a positive control sample) from matrix samples that contain the
potential interferent(s). One caveat here is that the selectivity of an ADA assay, as assessed
using the positive control, may not reflect the selectivity of the assay when it is used with
actual nonclinical or clinical samples.
Interference is the property of a factor (most commonly the drug itself and its target, if
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soluble) to affect assay results positively or negatively. It should be evaluated using a low
positive ADA test sample that is spiked into a sample matrix from drug-naïve patients. Each
potential interfering factor should be tested at a physiologically or pharmacologically relevant
range of concentrations. The highest concentration of the interfering factor that does not alter
the classification of the test sample (e.g., an ADA sample that remains positive relative to the
screening assay cut-point) is defined as the tolerance of the assay to that interfering factor.
For therapeutics that have a long terminal half-life, the main interferent in an ADA assay is the
drug itself. As discussed previously, the drug tolerance of an assay should be interpreted as
the sensitivity of the method in the presence of interfering drug.
Other endogenous interferents include oligomeric drug targets, or the target's soluble receptor
may interfere with ADA detection. In addition, certain sample pretreatments performed to
reduce drug interference can release drug target from drug-target complexes, leading to
subsequent interference problems. Hence, analysts should carefully evaluate pretreatment
steps such as acid dissociation during assay development to mitigate the risk of inaccurate
data.
Precision
Precision is a measure of the variability in a series of measurements for the same material run in
a method. The acceptance criteria for the precision of ADA assays should be within the range
commonly expected for immunoassays. These criteria also should be appropriate for the assay
platform and should be fit for purpose. During assay validation, precision should be determined
in experiments that are run at the level of intended use during the study phase (e.g., number
of plates, samples per plate, etc.).
The acceptance criteria for precision should be within the range commonly expected for
immunoassays. These criteria also should be appropriate for the platform used (e.g., tighter
criteria may be possible for electrochemiluminescence assays compared to ELISAs), guided by
assay development data and experience with the technology platform and assay method.
Additional information is found in the Appendix.
Screening and Confirmatory Method Precision: For ADA screening assays with numeric
readouts (as opposed to categorical yes/no readouts), assay precision can be determined using
data from at least six independent assay runs of the assay positive controls (low positive and
high positive controls). Typically, estimates of intra-assay precision (interreplicate variability,
also called intra-assay repeatability) and interassay precision (also called interassay
repeatability, or intermediate, total, or overall precision) are reported as %coefficient of
variation (%CV).
Intra-assay precision (repeatability) is the variability of assay results when the same material is
tested multiple times within the same run. Interassay precision (also termed intermediate or
total precision) is the variability of assay results when the same sample is tested in separate
runs, over separate days, and by multiple operators (or only one operator if the study phase
bioanalysis is intended to be performed by only one operator). These are expressed as %CV.
Data from the replicates of negative and positive controls from each of all the runs tested
during the pre-study validation phase are pooled and analyzed within the framework of randomeffects ANOVA, resulting in estimates of intra-assay %CV and interassay %CV. Analysts should
consider positional effects by varying sample position on microtiter plates because these
effects (e.g., edge effects) can influence the assay precision. One should use the same
number of test and control sample replicates during validation as are used in the assay during
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routine use.
Similarly, intra- and inter-assay precision estimates for the confirmatory assay can be derived
using the percent inhibition data of the spiked vs. unspiked low positive control samples from
multiple assay runs (at least six) in the pre-study validation.
Titration assay precision: In order to determine the precision of a titer, two or more analysts
should assay serial two-fold dilutions of five or more mock high positive control samples in at
least six runs. Mock high positive control samples can be obtained by spiking individual negative
sera from the target population with a high positive sample. The titer then is determined by
interpolation of each of the dilution curves, and the overall mean and SD are calculated. Then
intra- and inter-assay precision (%CV) can be determined.
A recommended but more rigorous approach is to use these data to define a minimum
significant ratio (MSR): MSR = 10t·sqrt(2)·SD , where SD is the overall standard deviation (intrarun plus the interrun variation) of the titers in common (base 10) log scale, and t is the
threshold from Student's t-distribution with n 1 degrees of freedom (n = number of runs). The
calculated MSR reflects the smallest fold-change in the titer values that can be considered as
statistically significant (P < 0.05)—i.e., if MSR = 5, then titers that are different by more than
five-fold can be considered significant. In addition to serving as an indicator of the level of
variability in the titers of the positive control, this MSR evaluation also can be an approximate
criterion for comparing samples with confirmed pre-existing antibodies in baseline vs.
posttreatment samples in order to assess treatment-induced immunogenicity. The MSR applies
only if the titer is interpolated and does not apply to endpoint titers.
Robustness
Robustness is an indication of the reliability of an assay. It is assessed by the capacity of the
assay to remain unaffected by small but deliberate variations in method performance that would
be expected under relevant, real-life changes in standard laboratory situations. The choice of
robustness variables to test during validation should be based on the knowledge of the assay
and its associated risks. Some common variables are microtiter plate lots, incubation times,
temperature, and reagent lot and concentrations. Study samples or positive control samples
can be used to test assay robustness. The use of acceptance criteria for system suitability
controls during robustness validation (computed from the assay development and optimization
data or validated system suitability control acceptance criteria) is recommended.
Reproducibility
Assay reproducibility according to USP general chapter Validation of Compendial Procedures
1225 and ICH Q2(R1) Validation of Analytical Procedures: Text and Methodology is the
reliability of a method when performed in two or more laboratories. In the context of method
transfers and interlaboratory method validity demonstrations, assay reproducibility is the same
as a cross-validation.
Reproducibility is applicable only if an assay will be run by two or more independent laboratories
during in-study phase bioanalysis. Reproducibility is an assessment of the transferability of an
assay, i.e., the validity of testing samples in two or more laboratories and the comparability of
data produced by them. Reproducibility assessments do not consider routine changes in an
assay such as interequipment or interanalyst imprecision. Such contributors to variability (often
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referred to as intermediate precision factors) are part of the reproducibility variability.
Study phase acceptance criteria for system suitability controls are established in the originator
laboratory (see below) during the original assay validation process. The performance of these
controls can be compared across multiple laboratories. When only a single laboratory performs
the ADA assay, however, reproducibility need not be validated until the method will be
transferred to another laboratory.
Stability
It is useful to understand the optimal storage conditions for assay samples, controls, materials,
and reagents, and they should be investigated as part of assay optimization before validation.
Later, during assay validation, stability studies should evaluate assay performance following
intended storage conditions. Ideally, stability testing conditions should mimic the expected
sample, material, and reagent handling conditions, storage temperature(s), and varying lengths
of storage time.
Material and reagent stability: ADA assays are stability indicating with respect to the
applicable materials and reagents, and thus separate tests for reagent stability usually are not
required for assay validation. During study phase bioanalysis, assay materials and reagents are
presumed to be stable if the system suitability controls meet validated acceptance criteria.
However, analysts should validate the stability of plates that have been prepared in advance
(e.g., coated with capture antibody and blocked) and stored.
Sample handling and stability: ADA samples typically are collected in a serum or plasma
matrix. For samples stored at or below 70 C, the stability of ADA are universally accepted, so
this sample storage condition may not require validation. However, clinical study sites
commonly do not have 70 C freezers and instead may store samples at 20 C or 4 C.
Moreover, samples may undergo freeze–thaw cycles during transfer or in the bioanalytical
laboratory. In such situations, analysts should test sample stability. It is generally accepted
that a human ADA sample in serum or plasma will be stable after three freeze–thaw cycles. If
samples are stored at less than 70 C and undergo more than three freeze–thaw cycles, these
conditions should be tested during assay development. A low positive control prepared in the
relevant sample matrix generally is the best surrogate sample (and is available in sufficient
quantities) from which to gather information about expected sample stability after multiple
freeze–thaw cycles under relevant conditions such as room temperature, 4 C,

20 C, and

70

C. Stability at the tested storage condition should be based on whether or not the result for
the low positive control meets the assay performance criteria. Analysts also should validate the
stability of preprocessed and stored samples (e.g., samples that are prediluted a day or more
before testing).
Documentation of Pre-study Validation
Typically three types of assay-specific documents are created during pre-study validation: an
assay validation plan or protocol, an assay method description, and an assay validation report.
An assay validation plan or protocol is recommended before analysts initiate pre-study
validation experiments. This document should state the intended purpose of the method, a
detailed description of the immunoassay and reagents or materials, a summary of the
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performance characteristics that will be validated, and a priori acceptance criteria for precision,
robustness, stability, and, when appropriate, ruggedness. Some experimental detail and datahandling procedures should be presented in the validation plan because these details provide a
clear guidance to the validation analysts and ensure better control over the resulting data.
A method description typically is established after pre-study validation but before the study.
This provides a detailed description of the reagents, controls, and equipment needed to run the
assay, together with a step-by-step operating procedure and information about processes for
data reduction and interpretation. The point at which such a description becomes a Standard
Operating Procedure (SOP) is specific to each manufacturer's quality system.
When validation is completed, manufacturers generally conduct a technical peer review of
validation data, followed by a validation data audit. An assay validation report is created after
the validation work is completed. This documents all of the study validation data, together with
information about the methods and batches of reagents that were used. An audited report is
approved by management and then is archived.
In-study Validation
In-study validation (monitoring the maintenance of system suitability) and revalidation are
critical components of any bioanalytical method. Hence, the validation of a method actually
does not end until the method is retired from analytical use.
For in-study performance of quantitative bioanalytical methods, acceptance criteria for
precision and accuracy generally are required. Because accuracy is not applicable for ADA
methods, monitoring the performance of quality control samples reassures analysts that the
assay system is suitable for its intended use, i.e., that the assay remains valid and is
performing as well as it did during pre-study validation.
The use of a low positive control ensures the assay remains sensitive. Generally during study
sample analysis the intra-assay (interreplicate) precision of the results of positive controls, as
well as test samples (with assay signal at or higher than the screening cut-point), are
controlled using system suitability acceptance criteria to ensure that meaningful data are
consistently obtained. Results below the cut-point, however, may not be required to meet CV
limit criteria.
LIFE CYCLE MANAGEMENT
Management of the performance of immunogenicity assays from initial clinical development
through subsequent product life cycle requires a comprehensive understanding of the
strengths, weaknesses, and capabilities of the method format, as well as of the critical assay
reagents and assay performance characteristics. In addition, a well-defined plan for critical
reagent production, characterization and qualification, qualification of suppliers of critical
reagents, and characterization and qualification parameters for reagents produced in house
(aggregate level and labeling efficiency) help manage the risk of maintaining the assay and
transferring the method to other laboratories.
When there are changes in critical method components, equipment, or the population that is
studied with a particular ADA assay, an assay revalidation may be required. The revalidation
may cover some or all validation characteristics (i.e., it may be a partial or whole assay
revalidation). Use of lots or batches of assay critical reagents that are different from those
used in pre-study validation do not require assay revalidation, but they must be supported by

PF 38(3): May-Jun. 2012

56

appropriate experimental qualification data for the new reagent to ensure maintenance of
system suitability.
Another critical aspect of life cycle management is the development of a strategy to bridge
clinical data between an existing and an improved assay format. Such changes typically occur
in a product's life cycle because of postmarketing commitments or other needs. To facilitate
comparison and cross-validation of the existing method to the revised versions, analysts should
retain sufficient aliquots of the original lots of critical assay reagents. In addition, archiving of
analyte-spiked samples as well as blinded patient samples is necessary to bridge between
reagent lots and methods in order to minimize drift in assay performance. Analysts should
develop a written plan outlining the sort of changes to the existing assay or critical reagents
that will warrant an assay qualification vs. a cross-validation or full validation. A quality
management document should include details such as the number of assays that must be
performed, the number of analysts that will be used, required training for analysts, acceptance
criteria to demonstrate equivalence between existing and revised methods, data analysis, and
reporting method. This information demonstrates the robustness and consistency of the assay
following changes. Quality controls that ensure assay equivalence include %CV, tolerance
limits, EC50 values of slope, titer level, and signal-to-noise ratio. One approach commonly used
to demonstrate equivalence of two immunogenicity methods is the demonstration of 90%
concordance in archived sample results between the existing and revised methods.
Analysts should use archived samples with a range of positive values as well as an appropriate
number of negatives to verify that a new assay segregates samples into positive and negative
categories in the same manner as an existing one.
Another important consideration for life cycle management of critical assay reagents is the
monitoring of long-term reagent stability under different storage conditions. A detailed stability
testing plan includes storage temperatures (4 C, 20 C, and 70 C), aliquot volume, freeze–
thaw cycles, and acceptable performance characteristics for assay qualification, and results
should be documented. In this context, it may be prudent also to archive patient samples to
demonstrate the long-term consistency of the polyclonal ADA response in actual patient
samples.
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MONITORING DEVICES—TIME, TEMPERATURE, AND HUMIDITY

Change to read:
This chapter provides background on the science and technology of temperature and humidity
monitoring. It describes the available technologies and their performance characteristics, and it
provides recommendations for verification and validation of performance. The shelf life of a drug
is a function of the temperature and humidity conditions under which it is stored and
transported as well as the chemical and physical properties of the drug substance and
preparation. For this reason, the ability to monitor those conditions is important in the shipping
and storage of temperature- and humidity sensitive preparations. Historic geographic and
seasonal trends may be used as a planning tool in selecting among the types of temperature
and humidity monitoring devices. Meteorological forecasts are available for any pertinent
location.
TEMPERATURE MEASUREMENT TECHNOLOGIES
The devices described in this section are those most commonly used to monitor temperature in
the storage and distribution of drugs in North America. The measurement of temperature at
extremes, such as close to absolute zero or above those reasonably expected to be
experienced by drugs, is not addressed.
Alcohol or Mercury Thermometers—These devices are based on the change in volume of a
liquid as a function of temperature. Mercury thermometers are typically used in the ranges from
0 to 50 with a precision of about 0.1 . [Note—Some local regulations apply to mercury-based
thermometers. Alcohol thermometers may have a precision as good as 0.01 , but they must be
quite large to measure temperatures in ranges of more than a few degrees. Both types of
thermometers may be designed to indicate the maximum and minimum temperatures measured.
See Thermometers

21 . ]

Chemical Device—This is a device based on a phase change or chemical reaction that occurs
as a function of temperature. Examples include liquid crystals, waxes, and lacquers that change
phase, and thereby their appearance, as a function of temperature. Such materials represent
the least expensive form of temperature measurement, but they may be difficult to interpret.
Other types of chemical sensors include systems in which a reaction rate or diffusion process is
used to deduce a temperature equivalent integrated over time rather than the temperature at
a specific moment in time such as a spike or critical threshold, for which a separate device may
be preferred. Thus, chemical sensors provide a measure of accumulated heat rather than
instantaneous temperature. It should be noted that these devices are generally irreversible;
once a color change or diffusion process has taken place, exposure to low temperatures will not
restore the device to its original state. Accuracy and precision vary widely among different
types, to differentiate often limited by their ability or their ability to visually interpret diffusion
distances.
Infrared Device—This is a device based on measuring the IR radiation from the article whose
temperature is being determined; the IR radiation varies as a function of the object's
temperature. The advantage of the device is that the article may be at some distance from the
IR sensor. However, IR devices are expensive compared to other temperature sensors.

PF 38(3): May-Jun. 2012

59

Resistance Temperature Detector (RTD)—This is a device based on the change in electrical
resistance of a material as a function of temperature. Precision and accuracy depend on the
quality of the electronics used to measure the resistance. Therefore, although RTDs are among
the most stable and accurate temperature sensors, their accuracy may change with the age
and temperature of the device as its electronic components are affected. A particular type of
RTD uses platinum or platinum alloy wire as the sensor. These are referred to as platinum
resistance temperature detectors (PRT or PRTD).
Solid State Device—This is a device based on the effect of temperature on either an
integrated circuit (see Thermistor below) or a micromechanical or microelectrical system.
These devices can attain the highest precision available and also have the advantage of
producing a digital output. Their accuracy is typically limited by the accuracy of the calibrating
system employed.
Thermistor—This is a semiconductor device whose resistance varies with temperature.
Thermistors are able to detect very small changes in temperature. They are accurate over a
broad range of temperatures.
Thermocouple—This is a device based on the change in the junction potential of two dissimilar
metals as a function of temperature. Many metal pairs may be used, with each pair providing a
unique range, accuracy, and precision. Precision and accuracy depend on the quality of the
electronics used to measure the voltage and the type of temperature reference used. Accuracy
may be a function of temperature reference used. Thermocouples have relatively poor stability
and low sensitivity, but are simple and cover a wide temperature range.
Thermomechanical Device—This is a device based on the change in volume of a solid
material as a function of temperature. For example, a mechanical spring, which expands or
contracts as a function of temperature, thus opening and closing an electrical circuit or moving
a chart pen, is such a device. Precision may be as good as 0.05 , but in practice it is rarely
better than 0.5 . Accuracy is often in the range of ±1.0 , but it may change with the age and
temperature of the device.
TIME—TEMPERATURE INTEGRATORS
Time–temperature integrators, commonly referred to as TTIs, change color or physical
appearance as a result of exposure to a temperature above a specific threshold for a specific
time duration, and thus accumulate heat. TTIs are typically single use, disposable devices that
react irreversibly. Once the color changes, it will not revert to the original one even if the
temperature returns to the acceptable, normal range. The four basic types of chemical-based
TTIs are described below.
Table 1 lists the four types of chemical TTIs presently in use. The closer the activation energy
of the TTI's color change to the activation energy of the degradation process of the drug being
monitored, the more accurately the TTI will reflect the status of the drug. In actual practice,
the activation energy for degradation of a particular drug is not known precisely enough to
enable selection of a particular type of TTI. The range of possible activation energies of a TTI
is given in the table to provide a sense of the flexibility of that particular technology. A TTI
with a range of possible activation energies can be configured to cover a wider range of time
and temperature thresholds.
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Table 1. Characteristics of TTI Technologies
Activation
Energy
Type
Storage
(kcal/mol)
Indication
Placement
Chemical–
Controlled room
13–80
Readable
Primary label
Physical
temperature
message or
or primary
image
package
Polymerization
21 or 37
Readable
Primary label
–44
message or
or primary
image
package
Diffusion
Controlled room
9.8
Progressive
Primary
temperature
color diffusion package
observed
through clear
window
Enzymatic
Controlled room
8–30
Color change
Primary
temperature;
observed
package
cold for
through clear
extended
window
storage
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Activation
Placement of
activator tape
over indicator
Removal from
frozen
environment
Removal of
barrier film

Breaking seal
to mix liquids

An important characteristic of chemical TTIs is the precision with which the endpoint can be
determined. It is difficult to quantify an indication such as a gradual color change. Accuracy
may also vary widely with the control and quality of the manufacturing process. As discussed
below in Validation of Temperature and Humidity Monitoring Devices, it is not possible to
calibrate an individual chemical TTI because the test is, by the nature of the device,
necessarily destructive. Chemical time–temperature indicators are relatively inexpensive and
may be customized for a wide range of applications.
Chemical–Physical Based TTI—This type of TTI is based on a temperature-dependent
diffusion/chemical reaction process. It consists of a pressure-sensitive tape structure, which is
composed of an indicator tape and an activator tape. The indicator tape contains a dye
dispersed in a polymer carrier. The activator is incorporated into an adhesive on the activator
tape. Laminating the activator tape over the indicator tape causes activation. A color change
or readable message occurs as the activator migrates into the indicator as a function of
temperature and time. These TTIs can be manufactured to provide a wide array of time–
temperature configurations. Also, because they can be made using a printing process, they can
be directly integrated into a product label or provided as a stand-alone label if required.
Chemical Polymerization Based TTI—This type of TTI uses a polymerization process in which
a color change occurs as a function of time and temperature. The color change happens when
a small, colorless molecule polymerizes into a larger, colored molecule on exposure to
temperatures above a specific threshold for a specified period of time. These TTIs can be
applied as print process, permitting direct integration into a product label or stand-alone label.
Since this type of TTI does not require activation, it must be shipped from the manufacturer on
dry ice and stored at temperatures below freezing prior to use. Chemical polymerization based
TTIs have somewhat limited selections of time–temperature threshold configurations.
Diffusion Based TTI—This type of TTI is composed of a color-dyed fat, an ester that diffuses
along a porous filter paper strip or wick once the temperature exceeds the melting point of the
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ester. The distance the colored fat migrates is a function of the time the TTI is exposed to
temperatures above the melting point of the ester. Removing a barrier film that separates the
dyed fat from the wick activates these devices. They can be modified for various applications
by selecting esters of different melting points, and by changing the length of the wick. These
TTIs are contained within their own packaging and have limited time–temperature threshold
configurations.
Enzyme Based TTI—This type of TTI uses an enzyme-catalyzed color generating reaction
that occurs as a function of time and temperature. The color change is caused by esterase
hydrolysis of a fatty substance, accompanied by a decrease in pH. The enzyme and the fatty
substrate are in separate solutions in adjacent compartments. Breaking the barrier between the
two compartments and mixing the two solutions activates the device. Enzymatic reactions
provide a wide variety of time–temperature configurations.
ELECTRONIC TIME–TEMPERATURE HISTORY RECORDERS
Data Loggers—A more capable device records the temperature at very short intervals and is
able to download the temperature history record to a peripheral system, such as a personal
computer. Such devices may be termed electronic temperature data loggers. In addition, data
loggers may record the humidity using sensors described below. Data loggers may be
permanently fixed within a storage facility or they may be portable and travel with a product.
Data loggers equipped with transmitting devices (hard-wire or radio transmission) can be used
to monitor temperature and humidity of a product while in transit, with the ability to download
the recorded data when the data loggers arrive at a destination.
RELATIVE HUMIDITY MEASUREMENT TECHNOLOGIES
Relative humidity may be defined as the ratio of the observed partial pressure of water vapor in
a volume of air to the saturation pressure at that temperature. In other words, the relative
humidity is the amount of water vapor present divided by the theoretical amount of moisture
that could be held by that volume of air at a given temperature. Extensive tables of data are
available. Devices for measuring relative humidity are called hygrometers. Several different
technologies exist for measuring relative humidity.
Sling Psychrometer—The simplest type of hygrometer is based on the temperature difference
observed between two identical thermometers, one ordinary, and one with a wet cloth wick
over its bulb. The two thermometers are whirled at the end of a chain, and the evaporation of
water from the wick cools the wet bulb thermometer. The temperature difference between the
wet and dry thermometers is then compared to a table, specific to that psychrometer, based
on dry bulb temperature, and the relative humidity is determined. The use of a sling
psychrometer in a commercial setting is impractical.
Hair Hygrometer—This type of device is based on the fact that the length of a synthetic or
human hair increases as a function of the relative humidity. This change is used to move an
indicator or affect a strain gauge. A hair hygrometer can be accurate to ±3%, but it is unable
to respond to rapid changes in humidity and loses accuracy at very high or very low levels of
relative humidity.
Infrared Hygrometer—This type of hygrometer determines relative humidity by comparing the
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absorption of two different wavelengths of IR radiation through air. One wavelength is absorbed
by water vapor and the other is not. This type of hygrometer can accurately measure relative
humidity in large or small volumes of air. It is sensitive to rapid changes of humidity and can be
integrated with an electronic data handling system.
Dew Point Hygrometer—This type of device uses a chilled mirror to determine the dew point
of an air sample. The dew point is the temperature at which water vapor in the air begins to
condense, that is, the temperature at which the relative humidity is 100%. From this
measurement and an accurate measurement of the ambient temperature, the relative humidity
can be calculated. The dew point hygrometer is the standard against which most commercially
available instruments are calibrated.
Capacitive Thin-Film Hygrometer—The principle of this type of hygrometer is that the
dielectric of a nonconductive polymer changes in direct proportion to the relative humidity. This
change is measured as a change in capacitance. This type of hygrometer is accurate to ±3%.
Resistive Thin-Film Hygrometer—This type of hygrometer is similar to the capacitive thinfilm type in that it uses the effect of changing relative humidity on an electrical circuit. In the
resistive thin-film hygrometer the sensor is an organic polymer whose electrical resistance
changes in logarithmic proportion to the relative humidity. This type of hygrometer is accurate
to ±5%.
VALIDATION OF TEMPERATURE AND HUMIDITY MONITORING DEVICES
Thermometers and hygrometers, used to provide data about the temperature and humidity
exposure of a product, must be suitable for their intended use. Specifically, they must be
appropriately validated. Validation is a process that assures the user of the monitoring device
that the device has been tested prior to use either by the manufacturer or the user, to assess
the measurement accuracy, measurement responsiveness, and time accuracy, where
appropriate. Monitors used in manufacturing, storage, and transport of drugs should be properly
qualified by their users to ensure that the monitors have been received and maintained in
proper working order. Pharmacies and consumers may accept the validation performed by the
manufacturer of the device.
Measurement Accuracy—For temperature and humidity monitoring devices, measurement
accuracy refers to the closeness of the value obtained with a particular device to the true
value being measured. In practice, this is determined by comparison with a device that has
been calibrated against a standard that is obtained from or traceable to the National Institute
of Standards and Technology (NIST).
Measurement Responsiveness—Any monitor takes time to respond to a change in the
temperature or humidity. The more rapid the response, the clearer the picture of the
environmental history of a monitored product will be. Measurement responsiveness may be
defined as the time, t ½, required for a device to read a value of (x + y)/2 after an
instantaneous change in the property being measured from x to y. Measurement responsiveness
is typically defined for the operating range of a device.
Different levels of responsiveness are needed for different monitoring applications. For devices
used to monitor storage locations, where the temperature and humidity are unlikely to change
rapidly, a t ½

15 minutes may be appropriate. For devices used to monitor transport, where
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more rapid changes are possible, a t ½

5 minutes may be needed.

Time Accuracy—Most commonly, time accuracy is expressed as a ± percentage of total
duration of the recording period. For pharmaceutical applications, a ±0.5% time accuracy is
adequate.
Validation of Chemical-Based TTIs—This type of device presents a problem for validation
because testing the individual device causes its destruction. For this reason, calibration of
individual chemical-based TTIs against an NIST traceable standard is not possible. Ideally,
chemical-based TTIs would be made using Good Manufacturing Practices, and their use in
connection with monitoring the storage and transport environment of drugs would be
appropriately regulated. In the absence of those conditions, the performance of a batch of
these devices may be assessed statistically by subjecting an appropriately sized sample to
elevated temperature conditions for a set period of time and observing the results. Appropriate
acceptance criteria should be adopted.
THE USE OF HISTORIC TEMPERATURE DATA
It is clear that the type of temperature monitoring needed is a function of the environmental
conditions that can be expected. Therefore, climatic data are useful when selecting the most
appropriate local storage conditions and monitoring methods. For example, an inexpensive limit
detector may be all that is needed when there is a low probability that excessive temperatures
will be experienced. Alternatively, a data logger may be preferred when it would be useful to
demonstrate that exposure to the highest temperatures was very brief.
It should be noted, however, that outside temperatures are not necessarily reliable indicators
of the temperatures experienced by different items in the distribution chain. For example,
recent studies reported significant departures from ambient temperatures on summer days for
mailboxes, trucks, and warehouses. Detailed historical temperature data are available from the
National Oceanic and Atmospheric Administration showing the daily mean maximum and minimum
temperature on any given day of the year in a geographical region of interest (e.g.,
http://www.cdc.noaa.gov/Usclimate/states.fast.html).

INTRODUCTION
This chapter provides background information about the science and technology of temperature
and humidity monitoring over time. It describes the available technologies and performance
characteristics, and provides recommendations for qualifying performance. The shelf life of a
drug product is a function of the temperature and humidity conditions during storage and
transportation, as well as the drug product's chemical and physical properties. For this reason,
the ability to monitor those conditions is important in the shipping and storage of temperatureand humidity-sensitive drug products. This chapter focuses strictly on supply chain
temperature- and humidity-monitoring devices, both electronic and chemical.
The storage and distribution temperature and humidity requirements for drug products are
indicated on the packaging label. The effects of humidity are typically observed over longer
time periods of exposure than are temperature effects due to the barrier to moisture ingress
presented by the primary and secondary drug product packaging.
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The devices described in this chapter are those most commonly used to monitor the controlled
storage and established distribution of drug products following Good Distribution Practices
(GDP).1 The chapter does not address measurement of temperature at extremes, which are
temperatures above those that drugs are reasonably expected to experience in the supply
chain. The types of devices described are already used in the worldwide distribution of
pharmaceuticals and by other similar industries that require temperature control in distribution
(for example: the perishable food, blood component, and medical device industries). Devices
also may be attached to individual items for the end user (for example: vaccine vials in the
World Health Organization (WHO)/UNICEF global immunization program).2 Appropriate recycling
practices should be followed for all devices as required by local regulations.
TEMPERATURE-MEASUREMENT DEVICES
Alcohol or Mercury Thermometers
These devices are based on the change in volume of a liquid as a function of temperature. Both
types of thermometers can be designed to indicate the maximum and minimum temperatures
(see Thermometers 21 for more information). Historically, these types of thermometers are
used in a laboratory setting or in a pharmacy, rather than during supply chain monitoring.
Alcohol thermometers can have a precision as good as 0.01 , but they must be quite large to
measure temperatures in ranges of more than a few degrees.
Mercury thermometers are typically used in the ranges from 0 –50 with a precision of about
0.1 . Some local regulations apply to mercury-based thermometers, and many states and local
agencies have legislated or developed collection or exchange programs for mercury-containing
devices. The U.S. Environmental Protection Agency also issues regulations requiring industry to
reduce mercury releases to air and water, and to properly treat and dispose of mercury wastes
to avoid potential health hazards.3 Globally, Health Care without Harm and WHO are co-leading
a Health Care Initiative Products Partnership to reduce demand for mercury-containing devices
by at least 70% by 2017 and to shift production to accurate, affordable, and safer nonmercury
alternatives.4
Both alcohol and mercury thermometers are more fragile than other temperature-measuring
devices described in this chapter.
Infrared Devices
This device is used for measuring the infrared (IR) radiant heat from the article whose
temperature is being determined, and the IR reading varies as a function of the object's
temperature. The advantage of this type of device is that the article may be at some distance
from the IR sensor. IR devices may give inaccurate higher or lower temperature readings
because of the surface characteristics of packages (e.g., black vs. white surfaces), and they
also have the potential for operator error because of incorrect use of the IR reader (improper
angle).
Resistance Temperature Detectors
The resistance temperature detector (RTD) is based on the change in electrical resistance of a
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material as a function of temperature. The precision and accuracy of an RTD depend on the
quality of the electronics used to measure the resistance. Although RTDs are among the most
stable and accurate temperature sensors, their accuracy may change with the age and
temperature of the device because its electronic components are affected by age and use.
Although all temperature-measurement devices should be placed on an appropriate calibration
program as recommended by the manufacturer or user of the device, this calibration is
particularly important for RTDs.
Solid-State Devices
Solid-state devices are based on the effect of temperature on either an integrated circuit (see
Thermistors) or a micromechanical or microelectrical system. These devices are commonly
referred to as data loggers, and can attain high precision and have the advantage of producing
a digital output.
Thermistors
A thermistor is a semiconductor device whose resistance varies with temperature. Thermistors
are able to detect very small changes in temperature and are accurate over a broad range of
temperatures.
Thermocouples
Thermocouples are based on the change in the junction potential of two dissimilar metals as a
function of temperature. Many metal pairs can be used, and each pair provides a unique range,
accuracy, and precision. Precision and accuracy depend on the quality of the electronics used
to measure the voltage across both metals and the type of temperature reference used.
Thermomechanical Devices
Thermomechanical devices are based on the change in length of a solid material as a function
of temperature. An example of such a device is a mechanical spring, which expands or
contracts as a function of temperature, thus opening and closing an electrical circuit or moving
a chart pen. Typical examples are chart recorders used in cold rooms.
ELECTRONIC TIME–TEMPERATURE HISTORY RECORDERS
These recorders use one of the electronic temperature-measurement technologies described
above and create a record of the temperature history experienced.
Electronic Time–Temperature Indicators
Electronic time–temperature indicators (TTIs) can be designed to alarm after a cold excursion,
heat excursion, or after multiple temperature excursions and can provide a visual alarm by a
colored light or LCD. The alarm(s) are generally programmable and can display conditions such
as date, time, temperature, and duration of the alarm. A certificate of calibration is issued for
individual units or lots. Multiple-use devices should have a calibration schedule, but single-use
devices can rely on manufacturers' certificates of calibration.
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Electronic Temperature-Data Loggers
Electronic temperature-data loggers are recorders that monitor the temperature at
programmable intervals and save the temperature history to a peripheral system, such as a
personal computer. In addition, data loggers can record humidity using sensors described
below. Electronic recorders monitor and save temperature values representative of the
cumulative temperature history over a period of time and therefore have the advantage of
being able to calculate the mean kinetic temperature (MKT)5 based on the measurements. Data
loggers equipped with transmitting devices (hardwired or radio transmission) can be used to
monitor the temperature and humidity of a product while in transit and can download the
recorded data when the data loggers arrive at a destination. Data loggers are increasingly
required by worldwide ministries of health as part of a standard quality system for GDPs. Based
on their communication capabilities, data loggers can be grouped into several different
categories.
Radio-Frequency Data Loggers
In addition to data loggers that require a hardwired connection to a base unit or a computer, in
recent years companies have adapted wireless (radio-frequency or RF-enabled) temperature
and humidity recorders. The effects of radio-frequency identification (RFID) use on biologics
have been studied on a variety of blood, blood components, monoclonal antibodies, and
vaccines, and have demonstrated no effect.6 These loggers are integrated with chips capable
of wireless RF communications that constitute the RFID sensor tags. The RFID chip inside the
tag can be either active, which requires battery power for operation, or passive, which requires
a nonzero RF field created by the RFID interrogator host unit (commonly called the reader) in
the vicinity of the tag. RFID-enabled sensor tags (temperature and/or humidity) have the
added capability of conveying recorded temperature history wirelessly to a host computer or
database for seamless downstream processing. Multiple passive and active standards exist to
control the communication between the tag and the host unit, including ISO-18000-6C,7 ISO18000-7,8 ZigBee,9 IEEE 802.11,10 and many proprietary standards.
When choosing between active and passive technologies, one needs to know that active
technologies typically have extended communication range and memory capabilities at the
expense of a higher price. Currently, reading ranges extend to 100 m and with repeaters longer
distances can be achieved. Whether the communications circuitry is passive or active, these
RF loggers still are electronic temperature recorders, which means their sensor circuitry uses
external power from batteries or other sources.
A completely passive wireless RFID tag with an antenna capable of functioning as a sensor has
been developed. The tag uses resonant antenna structures of RFID tags that are coated with
specific sensor films. The passive wireless RFID tags act like analog sensors that, when
interrogated by a wireless reader show the instantaneous temperature. The film changes the
antenna's reflection characteristics based on the monitored environmental variable (such as
temperature and/or humidity), which then is decoded by the reader. The sensor film can be
designed to work with different variables such as temperature, humidity, and various gas and
chemical vapors. Although they lack some of the memory functionality included in electronic
recorders, passive wireless sensors are relatively cost effective compared to data loggers and
can be considered for item-level applications.

PF 38(3): May-Jun. 2012

67

CHEMICAL TEMPERATURE INDICATORS
Chemical temperature indicators are relatively cost effective compared to electronic data
loggers and can be considered for item-level applications There are two basic types of chemical
temperature indicators: 1) a threshold indicator that responds at a specific temperature and 2)
a TTI that responds to cumulative heat exposure.
Chemical Temperature Threshold Indicators
These indicators, sometimes referred to as critical temperature indicators, are based on a
phase change or chemical reaction that occurs as a function of temperature. Examples include
liquid crystals, waxes, polymers, and lacquers that change phase, and thereby their
appearance, as a function of temperature. Chemical temperature threshold indicators are
reversible or irreversible and are suitable for high or low temperatures. Temperature threshold
indicators do not include any specified time delay to show a response and typically are singleuse devices. These indicators provide a signal only when exposed to temperatures higher than
(ascending indicator) or lower than (descending indicator) a predetermined threshold
temperature.
Ascending-Temperature Threshold Indicators—Ascending-temperature threshold
indicators are supplied as self-adhesive labels or cards and are normally composed of a heatfusible compound that melts at the critical temperature. Melting of the compound gives rise to
a color change or color development. Other types are provided as inks, lacquers, pellets, or
crayons. Ascending-temperature threshold indicators are available from 0 to more than 200
and as many as 10 temperatures on a single unit. Some ascending-temperature threshold
indicators used to monitor frozen or refrigerated temperatures require an activation step
(such as pulling a tab or a reservoir that is ruptured by pressure).
Descending-Temperature Threshold Indicators—Descending-temperature threshold
indicators show a response when exposed to temperatures below a threshold. These
indicators do not include a specific time delay to show a response, and the response is
typically caused by the time required for solidification of a liquid at the threshold temperature.
Solidification of a liquid causes a visual change in the indicator. Examples include: 1) the
expansion of the liquid to crack an ampule and release a colorant, 2) contraction of the liquid
to mix components to develop color, or 3) aggregation of colloidal particles to change color.
Chemical Time–Temperature Indicators
These indicators, sometimes referred to as time–temperature integrators (TTI), include systems
in which a reaction rate or diffusion process is used to estimate a temperature equivalent
integrated over time. Thus, TTIs provide a measure of accumulated heat rather than
instantaneous temperature such as a spike or critical threshold (discussed above). The
reactions generally are irreversible—once a color change, color development, or diffusion
process has taken place, exposure to low temperatures will not restore the indicator to its
original state, but lower temperatures (refrigeration) will slow the color change. The accuracy
and precision of these indicators depend, to some extent, on human interpretation. Some
versions of chemical indicators have been prepared in a bar code format and can be read with
bar code readers. Other developments include reading a chemical indicator with an imaging
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device such as a camera in a smart phone.
TTIs do not directly reflect the status of the drugs to which they are attached. In actual
practice, the characteristics for degradation of a particular drug are known from accelerated
and real-time stability studies that follow internationally accepted guidelines such as PDA TR
5311 to guide selection of a suitable TTI.12 The activation energy of the TTI is not required to
exactly match the activation energy of the degradation of the drug being monitored, and the
latter, in fact, may not be known precisely. Therefore, the TTI should be chosen to provide an
early warning if the drug is exposed to an excessive heat load before the expiration date.
An important characteristic of chemical TTIs is the precision with which the end point can be
determined. For TTIs that change color, a reference color normally brackets the active portion
of the TTI to show the end point color, which simplifies TTI interpretation. Accuracy can vary
widely with the control and quality of the manufacturing process. Some TTIs are manufactured
by procedures that comply with Quality System Regulations for Medical Devices. As discussed
below in Calibration of Temperature- and Humidity-Monitoring Devices, it is not possible to
calibrate any individual single-use device because the test is, by the nature of the TTI,
necessarily destructive. This is analogous to any pharmaceutical product because each dose
cannot be calibrated or validated, but validated processes should be used in the manufacturing
process.
The two types of TTIs are partial-history indicators and full-history indicators. Partial-history
TTIs provide a time- and temperature-dependent response when the temperature exceeds a
predetermined value. A partial-history indicator normally is composed of a dyed, heat-fusible
compound that diffuses along a porous strip or wick when the temperature exceeds the melting
point of the compound. The diffusion process of the compound down the wick is temperature
dependent, and therefore the partial-history TTI provides a time and temperature response
above the melting point of the compound. Migration of the compound down the wick stops
when the indicator is moved to a lower temperature at which point the compound solidifies.
These TTIs normally have one or more viewing windows to monitor the length the dyed
compound has traveled along the wick. Some indicators are activated by removing a barrier film
that separates the dyed compound from the wick or rupturing a reservoir that contains the
dyed compound. Other indicators do not require activation and must be stored below the
melting point of the compound before use. These partial-history TTIs can have durations
(service life) anywhere from a several hours to several years. Full-history TTIs provide a
continuous response to temperature. They change color or physical appearance as a result of
exposure to time, and the rate of change increases with temperature so they are sensitive to
cumulative heat exposure. Full-history TTIs are responsive to MKT (Ref 1079) and typically are
single use, irreversible, and disposable because once the color changes it will not revert to the
original color.
Chemical–Physical Time—Temperature Indicators
This type of TTI is based on a temperature-dependent diffusion or chemical reaction process.
It consists of a pressure-sensitive tape device that is composed of an indicator tape and an
activator tape. In one example, the indicator tape contains a dye precursor dispersed in a
polymer carrier. The activator is incorporated into an adhesive on the activator tape.
Laminating the activator tape over the indicator tape causes activation. A color change or
readable message occurs as the activator migrates into the indicator as a function of
temperature and time. Other approaches to develop color changes include the use of a pH
indicator or the etching of aluminum by the activator tape.
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Chemical Polymerization–Based Time—Temperature Indicators
This type of TTI uses a solid-state polymerization process in which a color develops intensity
as a function of time and temperature. The color evolution is caused by the polymerization of a
colorless monomer to a highly colored polymer. These TTIs can be applied by a print process
that permits direct integration into a product label or stand-alone label. Because this type of
TTI does not require activation, it must be shipped from the manufacturer on dry ice or under
frozen conditions and stored at temperatures according to the manufacturer's instructions,
normally below 24 before use. Chemical polymerization–based TTIs can be designed to reach
the end point as quickly as weeks at refrigerated temperature or as long as years at controlled
room temperature.
Chemical Enzyme–Based Time—Temperature Indicators
This type of TTI uses an enzyme-catalyzed color-generating reaction that occurs as a function
of time and temperature. The color change is caused by an enzyme reacting with a substrate,
accompanied by a change in pH. The enzyme and substrate are in separate solutions in
adjacent compartments. Breaking the barrier between the two compartments and mixing the
two solutions activates the TTI.
Chemical-Organic Pigment–Based Time—Temperature Indicators
This type of TTI uses an organic pigment that is activated by exposure to ultraviolet light to
develop a dark blue starting color. A filter is then placed over the label to protect it from
deliberate or accidental reactivation. The colored pigment fades over time as a function of
temperature.
RELATIVE HUMIDITY MEASUREMENT TECHNOLOGIES
Relative humidity is the ratio of the partial pressure of water vapor in air to the vapor pressure
of saturated air at a given temperature. In other words, the relative humidity is the amount of
water vapor present, divided by the theoretical amount of moisture that could be held by that
volume of air at a given temperature. Extensive tables of relative humidity data are available.
Devices for measuring relative humidity are called hygrometers. Several different technologies
exist for measuring relative humidity.
Sling Psychrometer
The simplest type of hygrometer is based on the temperature difference observed between two
identical thermometers, one ordinary and one with a wet cloth wick over its bulb. The two
thermometers are whirled at the end of a chain, and the evaporation of water from the wick
cools (based on evaporative cooling) the wet-bulb thermometer. The temperature difference
between the wet and dry thermometers then is compared to a table specific to that
psychrometer based on dry-bulb temperature, and the relative humidity is determined.
Hair Hygrometer
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This type of device is based on the fact that the length of a synthetic or human hair increases
as a function of the relative humidity. This change is used to move an indicator or affect a
strain gauge. A hair hygrometer can be accurate to ±3%, but it is unable to respond to rapid
changes in humidity and loses accuracy at very high or very low levels of relative humidity.
Infrared Hygrometer
This type of hygrometer determines relative humidity by comparing the absorption of two
different wavelengths of IR radiation through air. One wavelength is absorbed by water vapor
and the other is not. This type of hygrometer can accurately measure relative humidity in large
or small volumes of air. It is sensitive to rapid changes of humidity and can be integrated with
an electronic data-handling system.
Dew Point Hygrometer
This type of device uses a chilled mirror to determine the dew point of an air sample. The dew
point is the temperature at which water vapor in the air begins to condense, that is, the
temperature at which the relative humidity is 100%. The relative humidity can be calculated
from this measurement and an accurate measurement of the ambient temperature. The dew
point hygrometer is the standard against which most commercially available instruments are
calibrated.
Capacitive Thin-Film Hygrometer
The principle of this type of hygrometer is that the dielectric of a nonconductive polymer
changes in direct proportion to the relative humidity. This change is measured as a change in
capacitance. This type of hygrometer is accurate to ±3%.
Resistive Thin-Film Hygrometer
This type of hygrometer is similar to the capacitive thin-film type because it uses the effect of
changing relative humidity on an electric circuit. In the resistive thin-film hygrometer the sensor
is an organic polymer whose electrical resistance changes in logarithmic proportion to the
relative humidity. This type of hygrometer is accurate to ±5%.
CALIBRATION OF TEMPERATURE- AND HUMIDITY-MONITORING DEVICES
Thermometers and hygrometers that are used to provide data about the temperature and
humidity exposure of a product must be suitable for their intended use. Specifically, they must
be appropriately calibrated. A calibration program assures the user of the monitoring device
that the device has been tested before use either by the manufacturer or the user to assess
the measurement accuracy, measurement responsiveness, and time accuracy. Calibrations
should be performed with appropriate frequencies to support ongoing use. Monitors used in
manufacturing, storage, and transport of drug products should be properly qualified by their
users to ensure that the monitors have been received and maintained in proper working order.
It is acceptable to use the calibration performed by the device's manufacturer based on the
certificate of calibration and expiration date.
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For temperature- and humidity-monitoring devices, measurement accuracy refers to the
closeness of the value obtained with a particular device and the true value of the object or
environment under measurement. In practice, this is determined by comparison with a device
that has been calibrated against a standard that is obtained from or is traceable to the
National Institute of Standards and Technology or a comparable national metrology
organization.
Any monitor takes time to respond to a change in the temperature or humidity. Measurement
responsiveness typically is defined in a device's specifications for its operating range. Different
levels of responsiveness are needed for different monitoring applications and should be based
on supply chain length (for example, transportation via ocean may require 30-min intervals, but
15-min intervals may be suitable for air transport). Most commonly, time accuracy is expressed
as a ± percentage of total duration of the recording period. For pharmaceutical applications, a
±0.5% time accuracy is adequate.
Single-use electronic and chemical indicators should follow Good Manufacturing Practices with
appropriate testing controls. Electronic indicators require proper calibration. Single-use indicator
performance can be qualified by the supply chain user by sampling and testing of multiple
production lots. For TTIs that calculate MKT, the performance of a batch can be assessed
statistically by subjecting an appropriately sized sample to elevated temperature conditions for
a set period of time and observing the results. Manufacturers should adopt appropriate
acceptance criteria. It is acceptable to use the release test performed by the manufacturer of
the indicator (based on the certificate of calibration or the certificate of analysis and the
expiration date) in lieu of calibration or qualification.
THE USE OF HISTORICAL TEMPERATURE DATA
Although historical geographic and seasonal trends may be used as a planning tool in selecting
among the types of temperature- and humidity-monitoring devices, outside ambient
temperatures are not necessarily reliable indicators of the temperatures experienced by
different items in the distribution chain. For example, studies have reported important
departures from ambient temperatures on summer days for mailboxes, trucks, and
warehouses.13 Therefore, using lane-specific temperature monitoring is beneficial when
manufacturers and shippers develop an ambient profile.14
A drug product's quality (identity, strength, and purity) may be notably influenced by variations
in temperature and humidity over the course of its shelf life, so manufacturers should
appropriately monitor those environmental conditions. Pharmaceutical manufacturers perform
stability testing to carefully evaluate the effects of temperature and humidity on their
products. The packaging, shelf life, and storage and transportation conditions recommended for
a product are chosen based on the results of these stability studies. Because temperature
effects can happen rapidly, temperature monitoring is always recommended. Relative humidity
effects occur over a much longer time frame and because the primary container is designed and
tested to protect the product from moisture, humidity monitoring is recommended only when a
product is stored in an uncontrolled facility. 1S (USP36)

1 PDA Technical Report 52 (TR 52) Guidance for Good Distribution Practices (GDPs) For the Pharmaceutical
Supply C hain.
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BRIEFING
1229.2 Steam Sterilization of Aqueous Liquids. The USP general information chapter
Sterilization and Sterility Assurance of Compendial Articles 1211 is being proposed to be
split into several individual chapters (see the Stimuli article in PF 38(2), An Outline of Planned
Changes to USP

1211

Sterilization and Sterility Assurance of Compendial Articles, for

background information on the planned revisions). This new chapter proposal
address steam sterilization of aqueous liquids.
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Add the following:
1229.2

STEAM STERILIZATION OF AQUEOUS LIQUIDS
INTRODUCTION

Steam sterilization of aqueous liquids (including solutions, suspensions, and emulsions), also
known as sterilization of nonporous loads, is the method of choice for aqueous parenteral
products, in-process aqueous liquids, laboratory media, and biological waste materials. This
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type of sterilization is accomplished primarily in closed containers. During steam sterilization by
direct contact (also called steam sterilization of parts, hard goods, or porous items) the steam
in the chamber directly contacts the load items to effect sterilization (see Steam Sterilization
by Direct Contact 1229.1 ). In contrast, sterilization of liquids in containers is accomplished
by application of heat to the container, heating of the container wall, and ultimately heating of
the internal liquid volume. This can be accomplished using steam, superheated water, and air in
various combinations. Some aqueous liquids are susceptible to over-processing that could
render them unfit for their intended use. Manufacturers should consider the influence of these
differences when they establish a suitable process.
During the sterilization of liquids, the high pressures that develop within the containers may
exceed those in the sterilization chamber and may potentially disrupt container integrity. This is
of particular concern with pre-filled syringes and plastic containers. Before sterilization of
product containers, manufacturers should consider the potential adverse consequences of
excess heat on the materials. In order to ensure sterility as well as functionality, the process
definition and validation method used must incorporate both lower and upper temperature limits
on the process conditions.
When the overkill method can be used for sterilization of sealed liquid containers, it is the
preferred method and is described in 1229.1 . When product quality attributes can be
impaired by excessive heat, the sterilization process should use less time or lower temperature
to minimize the adverse effect on the materials. Sterilization time–temperature or F 0 conditions
(F 0 is defined as the equivalent sterilization time relative to a base temperature of 121 )
include both lower (sterility-related) and upper (stability-related) limits. Manufacturers
commonly employ the bioburden/biological indicator (BB/BI) or bioburden methods when
constraints on the material's ability to withstand the process require the use of less aggressive
conditions in conjunction with appropriate controls on presterilization bioburden to ensure
sterility.
Terminal Sterilization of Products
The preservation of product attributes may require the use of sterilizing conditions that are less
aggressive and sterilization equipment, cycles, and validation methods adapted to these more
restricted circumstances. The substantial variations in equipment designs and methods for
terminal sterilization preclude a singular description of a typical cycle. All terminal sterilizers
heat the load, but they accomplish this in varying ways: saturated steam; steam–air mixtures,
steam–air–water mixtures, and superheated water. Air for maintenance of container integrity
and cooling containers and water for heating/cooling of the load may be present depending
upon the autoclave size, throughput expectations, container, and preference of the autoclave
manufacturer.
In-process Fluids
In-process fluids are used for pH adjustment, dilution to a specified volume, lubrication, and
other purposes. In many instances these liquids are sterilized in conjunction with items that
must be sterilized by direct steam contact, and the sterilization process must ensure that all
items are adequately sterilized.
Laboratory Media
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Laboratory media often are sterilized in standard steam autoclaves with minor adaptations.
Provision for slow exhaust (to reduce stress on container integrity) and jacket cooling can help
improve the basic steam sterilizer design and operation to better accommodate the materials.
The sterilization process may be specific for media containers or a combination of both liquidfilled containers and hard goods. This process may resemble the methods used for terminally
sterilized products (see above). The sterilization of laboratory media may entail the processing
of a number of different containers that contain different materials. Manufacturers should be
aware of the potential for under- and over-processing across the load and must consider
container size, container contents, and position. When liquid-filled containers are combined in
the same load with hard goods, manufacturers must consider the unique concerns of each to
ensure all items are properly sterilized. Because laboratory media are considered self-indicating
with respect to sterility, the use of internal biological indicators is not required.
Biowaste Sterilization
The sterilization of biowaste in sealed containers is similar to parts sterilization. The process is
defined to ensure a minimum time–temperature exposure or attainment of a specified F 0 value
throughout all items of the load. Depending on the potential contaminants present, the
autoclave design may incorporate condensate collection/sterilization to ensure that pathogens
are adequately contained. Because the objective of biowaste sterilization is to render the
materials safe for contact and disposal, the overkill method described in Steam Sterilization by
Direct Contact

1229.1

is employed.

BIOBURDEN/BIOLOGICAL INDICATOR METHOD
Application of the BB/BI method requires that limits be imposed on the population and
resistance of the bioburden present in the container. The method relies on substantial
differences between moist heat resistance and the population of the bioburden present and the
biological indicator used during validation to provide an adequate margin of safety (Figure 1).

Figure 1. Relative resistance and population of typical bioburden and biological indicator
microorganisms.
BB/BI is a method in which the incomplete destruction (or destruction of a modest population)
of a resistant biological indicator can be used to demonstrate the capability of the process to
reliably destroy any bioburden. This is accomplished using detailed knowledge of the BB and BI
populations and their relative resistance.
Typical BB microorganisms have only minimal resistance in comparison to BIs, and this can be
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confirmed by heat screening of BB isolates. The BB population is controlled by filtration steps
for the fluid, process time limits, environmental controls, gowning systems, and other means.
The conventional BIs for terminal sterilization using the BB/BI method are Clostridium
sporogenes ATCC 7955 and Bacillus subtilis ATCC 5230, although other strains can be used.
The use of Geobacillus stearothermophilus for terminal sterilization is uncommon with the BB/BI
method because the organism's strong resistance to moist heat makes it poorly suited for this
application.
Confirmation of an acceptable probability of a nonsterile unit (PNSU) can be accomplished using
physical measurements and BI response (which define the lethality of the process) in
conjunction with processing limits for the BB population and resistance (which define the N0 and
D-value. D-value is the time (customarily in minutes) required to reduce the microbial
population by 90% or 1 log10 cycle (i.e., to a surviving fraction of 1/10) and must be
associated with the specific lethal conditions at which it was determined. For example, D121 is
the D-value at 121 . Articles intended to be sterile must attain a 10 6 PNSU, i.e., less than 1
chance in 1 million that viable bioburden microorganisms are present. The PNSU can be
determined from Equation 1.
log Nu = F/D + log N0

[1]

Nu = PNSU
D = D-value of the natural bioburden
F 0 = F 0-value of the process (lethality)
N0 = bioburden population per container
The following example indicates the resulting PNSU under the defined conditions of validation
and routine operation (Table 1).
Table 1. Comparative Resistance of Biological Indicator and Bioburden Microorganisms
Validation
Routine Usage
F 0 = 8.0 min
F 0 = 8.0 min
D121 of BI = 0.5 min D121 of bioburden = 0.005 min
N0 of BI = 106
N0 of bioburden = 100 (or 102 )
PNSU for BI = 10–10 PNSU for BB = 10–1598
Determining the resistance of the bioburden is accomplished using a heat-screening process
during which a pure culture (a laboratory culture containing a single species of organism) is
boiled at 100 for brief periods. If the bioburden microorganism is viable after exposure, its
resistance at 121 can be estimated for use in the PNSU calculation (Table 2).
Table 2. D121 Estimation from Boil Test Results
Exposure Time

Approximate D121 -value

1 min
10 min
20 min

0.01 min
0.1 min
0.2 min
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100 min

1.0 min
Bioburden Method

In most respects the BB method is similar to the BB/BI indicator method. The difference lies in
the isolation and characterization of the most-resistant bioburden microorganism. The worstcase isolate is used as the biological indicator in the evaluation of the process. For use in this
manner, it must be cultured to produce a suitable challenge population. When this method is
used, the bioburden of each process cycle must be closely controlled with respect to
population and must be monitored for resistance.
Sterilization Cycle Control
Process equipment for terminal sterilization typically is controlled by calibrated temperature
sensors on the equipment. During the exposure portions of the cycle, attainment of a minimum
dwell time at a predefined temperature is used to document process lethality. Cycle efficacy for
terminal sterilization customarily is measured using F 0, which is defined as an actual exposure
time at a variable process temperature that is equivalent to an exposure at 121 based on an
ideal microorganism with a z-value of 10 . A z-value is defined as the number of degrees of
temperature change necessary to change the D-value by a factor of 10. The F 0 approach is
used to evaluate to a single standard sterilization processes that are operated at varying
temperature conditions. The process lethality at temperatures other than 121 can be
calculated to determine lethality equivalent to that provided at 121 . Sterilizer control systems
for terminal sterilization deliver conditions within a predefined time–temperature or F 0 range.
These precautions are essential in terminal sterilization to avoid over-processing.
Simple mathematics can be used to calculate the total lethality over the course of the process.
For the specific reference temperature of 121 and a z-value of 10.0 , the F 0 calculation can
be determined by Equation 2:

t = time
T = temperature
Summing the instantaneous lethality contributions over the entire sterilization process allows
the calculation of the overall process lethality or F 0 delivered over the course of the entire
process at varying conditions.
Validation of Liquid-filled Container Sterilization
As previously noted, the preferred method for steam sterilization is the overkill method as
defined in Sterilization of Compendial Articles

1229

and Steam Sterilization by Direct

Contact 1229.1 . However, when the processed materials are susceptible to damage by
moist heat at the overkill conditions, the BB/BI method is better suited because it ordinarily
results in reduced heat input while affording the same degree of process efficacy but with
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different controls. As noted above, terminal sterilization processes require greater consideration
of the effects of the treatment on material properties. This has implications for many of the
elements of the qualification and validation exercises as indicated below. The validation
requirements for the BB/BI and BB methods are more rigorous than those associated with the
overkill method. Although the overkill method can be confidently used without detailed
consideration of the presterilization bioburden, application of the BB/BI and BB methods require
continued monitoring and control of the bioburden, specifically the population and resistance.
This is accomplished by testing of filled containers just before sterilization and measuring the
number of colony-forming units per container and confirming the absence of resistant BB
isolates. When resistant isolates are found, their thermal resistance in the fluid should be
determined.
Effect of the Sterilization Process—A preliminary determination of the product's ability to
withstand the expected sterilizing conditions should be made before other activities. This can
be accomplished by sterilization at conditions slightly in excess of the maximum expected and
evaluating the effect on the material. The evaluation should encompass the essential quality
attributes with attention focused on known and potential new impurities. Appearance and other
physical properties also should be evaluated as a part of this effort.
Equipment Qualification—Equipment qualification is a predefined program that confirms the
equipment has been properly installed and that it operates as intended. Qualification of the
sterilizing equipment provides a baseline for preventive maintenance and change control for the
sterilizer. The equipment may require qualification of air, water, and utility systems.
Empty Chamber Temperature Distribution—The dual considerations of sterility and stability
commonly associated with sterilization of liquids require that equal attention be paid to
potential under- and over-processing of the load. For this reason the temperature gradient
across the sterilizer may require substantially tighter control than that expected in sterilization
by direct contact. The acceptance criterion for this test is typically ± 0.5 during the dwell
period, although wider ranges may be possible. The objective is to minimize the time–
temperature or F 0 differences across the load throughout the process. BI are not required in
the evaluation of empty chamber temperature distribution.
Biological Indicators—The selection of a BI must be considered carefully because of the
balance that must be maintained between attaining sterilization and maintaining the sterilized
material's essential quality attributes. The biological challenge is either directly inoculated into a
liquid-filled container or is introduced via self-contained units provided there is adequate
correlation between their resistance and the resistance that would occur in the process fluid.
The liquid can be either the product or a surrogate fluid. The resistance of the indicator in the
product (and surrogate fluid) must be known. If the surfaces in the container–closure area are
not presterilized, biological challenge of the container–closure interface locations may be
required.
Liquid D-value Determination—Determination of the thermal resistance (D-value and z value)
for the biological indicator in the liquid is required. The thermal resistance of each BI lot in the
liquid should be determined. When a surrogate liquid is used for convenience (e.g., a master
solution approach) or because of microbial inhibition of the BI by the liquid, the thermal
resistance in the surrogate must be determined.
Container Mapping—Liquid-fill containers with volumes greater than or equal to 100 mL should
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be mapped to determine internal cold spots. The mapping should be performed with product
containers oriented as they would be within the load. The temperature probes should be
introduced into the containers using methods that maintain container integrity. Internal
supports (of minimally heat-conductive materials) may be required to ensure proper positioning
of the probe within the container. After these locations are determined, they are used as either
monitoring locations or are correlated to external conditions on the container during validation
and routine processing. Smaller (less than 100 mL) containers have fewer discernable cold
spots, the importance of which is reduced as container size decreases. Smaller containers can
be monitored with temperature probes secured to their exterior.
Load Positioning and Mapping—A fixed loading position within the sterilizer may be necessary
for proper sterilization to ensure uniformity of heating and cooling in routine use. Once the load
is positioned properly, its size can vary within a defined range. Load-mapping studies should be
performed to determine the coldest and hottest locations within the load. These locations may
not be specific individual containers but rather regions. This ensures that the containers are
neither under- nor over-processed in routine operation of the sterilizer. Validation of variablesize load patterns is accomplished using a bracketing approach for which success with maximum
and minimum loads (avoiding both under- and over-processing) establishes the acceptability of
intermediate-size loads. However, evaluation of intermediate load sizes may be beneficial. In
product sterilization, only a single-size container with a single product lot is processed
concurrently.
Heat Penetration and Microbiological Challenge—The core of the validation activity is
confirmation of acceptable heat penetration using temperature measurements and microbial
challenges. Thermocouples and BI are placed within the load at worst-case locations (e.g., the
coldest portions of the loaded chamber). Introduction of the thermocouples must not alter the
integrity of the container. Biological challenges are placed in containers adjacent to those that
contain internal temperature probes (or the same unit with external temperature measurement).
Proof of cycle efficacy is provided by replicate studies in which the BIs perform as expected
and the physical measurements correspond to the expected values of time and temperature or
F 0. If the microbial and physical measurements do not correlate, an investigation is in order,
and corrective action must be taken to rectify the discrepancy. Samples from the hottest
regions of the load are used for evaluation of material stability and quality.
Product Quality and Stability Evaluation—Manufacturers must conduct ongoing evaluation of
the product's ability to withstand the routine sterilizing conditions. The evaluation should
encompass the essential quality attributes with attention focused on known and potential new
impurities and those materials that receive the most heat input. Manufacturers also should
evaluate appearance and other physical properties as a part of this effort. For microbiological
media, the ability of the media to meet growth promotion and other requirements is required as
indicated in the appropriate test chapter(s) (e.g., Microbiological Examination of Nonsterile
Products: Microbial Enumeration Tests

61 , Microbiological Examination of Nonsterile

Products: Tests for Specified Microorganisms

62 , and Sterility Tests

71 ).

Routine Process Control
All sterilization processes should be subject to formalized practices that maintain them in a
controlled state. The practices outlined in Sterilization of Compendial Articles

1229

include
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the general requirements appropriate for all sterilization systems. This is accomplished by a
number of related practices that are essential for continued use of the process over an
extended period of time. The practices include calibration, physical measurements, ongoing
process control, change control, preventive maintenance, and periodic re-assessment.
1S (USP36)

BRIEFING
1231 Water for Pharmaceutical Purposes, page 5219 of the First Supplement to USP
35. In concurrent revisions of sterile water monographs, a Total Organic Carbon 643 test is
being proposed as an alternative to the Oxidizable Substances test. In addition, a conductivity
limit is proposed to be modified in Water Conductivity 645 . An update to this chapter is
warranted to keep the content of the chapter current with the relevant monographs and test
chapters.
(GCPA: A. Hernandez-Cardoso.)
Correspondence Number—C115368

Comment deadline: July 31, 2012
1231

WATER FOR PHARMACEUTICAL PURPOSES
INTRODUCTION

Water is widely used as a raw material, ingredient, and solvent in the processing, formulation,
and manufacture of pharmaceutical products, active pharmaceutical ingredients (APIs) and
intermediates, compendial articles, and analytical reagents. This general information chapter
provides additional information about water, its quality attributes that are not included within a
water monograph, processing techniques that can be used to improve water quality, and a
description of minimum water quality standards that should be considered when selecting a
water source.
This information chapter is not intended to replace existing regulations or guides that already
exist to cover USA and International (ICH or WHO) GMP issues, engineering guides, or other
regulatory (FDA, EPA, or WHO) guidances for water. The contents will help users to better
understand pharmaceutical water issues and some of the microbiological and chemical concerns
unique to water. This chapter is not an all-inclusive writing on pharmaceutical waters. It
contains points that are basic information to be considered, when appropriate, for the
processing, holding, and use of water. It is the user's responsibility to assure that
pharmaceutical water and its production meet applicable governmental regulations, guidances,
and the compendial specifications for the types of water used in compendial articles.
Control of the chemical purity of these waters is important and is the main purpose of the
monographs in this compendium. Unlike other official articles, the bulk water monographs
(Purified Water and Water for Injection) also limit how the article can be produced because of
the belief that the nature and robustness of the purification process is directly related to the
resulting purity. The chemical attributes listed in these monographs should be considered as a
set of minimum specifications. More stringent specifications may be needed for some
applications to ensure suitability for particular uses. Basic guidance on the appropriate
applications of these waters is found in the monographs and is further explained in this chapter.

PF 38(3): May-Jun. 2012

80

Control of the microbiological quality of water is important for many of its uses. Most packaged
forms of water that have monograph standards are required to be sterile because some of their
intended uses require this attribute for health and safety reasons. USP has determined that a
microbial specification for the bulk monographed waters is inappropriate, and it has not been
included within the monographs for these waters. These waters can be used in a variety of
applications, some requiring extreme microbiological control and others requiring none. The
needed microbial specification for a given bulk water depends upon its use. A single
specification for this difficult-to-control attribute would unnecessarily burden some water users
with irrelevant specifications and testing. However, some applications may require even more
careful microbial control to avoid the proliferation of microorganisms ubiquitous to water during
the purification, storage, and distribution of this substance. A microbial specification would also
be inappropriate when related to the “utility” or continuous supply nature of this raw material.
Microbial specifications are typically assessed by test methods that take at least 48–72 h to
generate results. Because pharmaceutical waters are generally produced by continuous
processes and used in products and manufacturing processes soon after generation, the water
is likely to have been used well before definitive test results are available. Failure to meet a
compendial specification would require investigating the impact and making a pass/fail decision
on all product lots between the previous sampling's acceptable test result and a subsequent
sampling's acceptable test result. The technical and logistical problems created by a delay in
the result of such an analysis do not eliminate the user's need for microbial specifications.
Therefore, such water systems need to be operated and maintained in a controlled manner that
requires that the system be validated to provide assurance of operational stability and that its
microbial attributes be quantitatively monitored against established alert and action levels that
would provide an early indication of system control. The issues of water system validation and
alert/action levels and specifications are included in this chapter.
SOURCE OR FEED WATER CONSIDERATIONS
To ensure adherence to certain minimal chemical and microbiological quality standards, water
used in the production of drug substances or as source or feed water for the preparation of the
various types of purified waters must meet the requirements of the National Primary Drinking
Water Regulations (NPDWR) (40 CFR 141) issued by the U.S. Environmental Protection Agency
(EPA) or the drinking water regulations of the European Union or Japan, or the WHO drinking
water guidelines. Limits on the types and quantities of certain organic and inorganic
contaminants ensure that the water will contain only small, safe quantities of potentially
objectionable chemical species. Therefore, water pretreatment systems will only be challenged
to remove small quantities of these potentially difficult-to-remove chemicals. Also, control of
objectionable chemical contaminants at the source-water stage eliminates the need to
specifically test for some of them (e.g., trihalomethanes and heavy metals) after the water has
been further purified.
Microbiological requirements of drinking water ensure the absence of coliforms, which, if
determined to be of fecal origin, may indicate the potential presence of other potentially
pathogenic microorganisms and viruses of fecal origin. Meeting these microbiological
requirements does not rule out the presence of other microorganisms, which could be
considered undesirable if found in a drug substance or formulated product.
To accomplish microbial control, municipal water authorities add disinfectants to drinking water.
Chlorine-containing and other oxidizing substances have been used for many decades for this
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purpose and have generally been considered to be relatively innocuous to humans. However,
these oxidants can interact with naturally occurring organic matter to produce disinfection byproducts (DBPs), such as trihalomethanes (THMs, including chloroform, bromodichloromethane,
and dibromochloromethane) and haloacetic acids (HAAs, including dichloroacetic acid and
trichloroacetic acid). The levels of DBPs produced vary with the level and type of disinfectant
used and the levels and types of organic materials found in the water, which can vary
seasonally.
Because high levels of DBPs are considered a health hazard in drinking water, drinking water
regulations mandate their control to generally accepted nonhazardous levels. However,
depending on the unit operations used for further water purification, a small fraction of the
DBPs in the starting water may carry over to the finished water. Therefore, the importance of
having minimal levels of DBPs in the starting water, while achieving effective disinfection, is
important.
DBP levels in drinking water can be minimized by using disinfectants such as ozone,
chloramines, or chlorine dioxide. Like chlorine, their oxidative properties are sufficient to damage
some pretreatment unit operations and must be removed early in the pretreatment process.
The complete removal of some of these disinfectants can be problematic. For example,
chloramines may degrade during the disinfection process or during pretreatment removal,
thereby releasing ammonia, which in turn can carry over to the finished water. Pretreatment
unit operations must be designed and operated to adequately remove the disinfectant, drinking
water DBPs, and objectionable disinfectant degradants. A serious problem can occur if unit
operations designed to remove chlorine were, without warning, challenged with chloraminecontaining drinking water from a municipality that had been mandated to cease use of chlorine
disinfection to comply with ever tightening EPA Drinking Water THM specifications. The
dechlorination process might incompletely remove the chloramine, which could irreparably
damage downstream unit operations, but also the release of ammonia during this process might
carry through pretreatment and prevent the finished water from passing compendial
conductivity specifications. The purification process must be reassessed if the drinking water
disinfectant is changed, emphasizing the need for a good working relationship between the
pharmaceutical water manufacturer and the drinking water provider.
Change to read:
TYPES OF WATER
There are many different grades of water used for pharmaceutical purposes. Several are
described in USP monographs that specify uses, acceptable methods of preparation, and quality
attributes. These waters can be divided into two general types: bulk waters, which are
typically produced on site where they are used; and sterile waters, which are produced,
packaged, and sterilized to preserve microbial quality throughout their packaged shelf life.
There are several specialized types of sterile waters, differing in their designated applications,
packaging limitations, and other quality attributes.
There are also other types of water for which there are no monographs. These are all bulk
waters, with names given for descriptive purposes only. Many of these waters are used in
specific analytical methods. The associated text may not specify or imply certain quality
attributes or modes of preparation. These nonmonographed waters may not necessarily adhere
strictly to the stated or implied modes of preparation or attributes. Waters produced by other
means or controlled by other test attributes may equally satisfy the intended uses for these
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waters. It is the user's responsibility to ensure that such waters, even if produced and
controlled exactly as stated, be suitable for their intended use. Wherever the term “water” is
used within these compendia without other descriptive adjectives or clauses, the intent is that
water of no less purity than Purified Water be used.
What follows is a brief description of the various types of pharmaceutical waters and their
significant uses or attributes. Figure 1 may also be helpful in understanding some of the various
types of waters.

Figure 1. Water for pharmaceutical purposes.
Bulk Monographed Waters and Steam
The following waters are typically produced in large volume by a multiple-unit operation water
system and distributed by a piping system for use at the same site. These particular
pharmaceutical waters must meet the quality attributes as specified in the related monographs.
Purified Water—Purified Water (see the USP monograph) is used as an excipient in the
production of nonparenteral preparations and in other pharmaceutical applications, such as
cleaning of certain equipment and nonparenteral product-contact components. Unless
otherwise specified, Purified Water is also to be used for all tests and assays for which water is
indicated (see General Notices and Requirements). Purified Water is also referenced throughout
the USP–NF. Regardless of the font and letter case used in its spelling, water complying with
the Purified Water monograph is intended. Purified Water must meet the requirements for ionic
and organic chemical purity and must be protected from microbial contamination. The minimal
quality of source or feed water for the production of Purified Water is Drinking Water. This
source water may be purified using unit operations that include deionization, distillation, ion
exchange, reverse osmosis, filtration, or other suitable purification procedures. Purified water
systems must be validated to reliably and consistently produce and distribute water of
acceptable chemical and microbiological quality. Purified water systems that function under
ambient conditions are particularly susceptible to the establishment of tenacious biofilms of
microorganisms, which can be the source of undesirable levels of viable microorganisms or
endotoxins in the effluent water. These systems require frequent sanitization and
microbiological monitoring to ensure water of appropriate microbiological quality at the points of
use.
The Purified Water monograph also allows bulk packaging for commercial use elsewhere.
In contrast to Sterile Purified Water, bulk packaged Purified Water is not required to be sterile.
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Because there is potential for microbial contamination and other quality changes in this bulk
packaged nonsterile water, 1S (USP35)
this form of Purified Water should be prepared and stored in a fashion that limits microbial
growth and/or
is 1S (USP35)
simply used in a timely fashion before microbial proliferation renders it unsuitable for its intended
use. Also depending on the material used for packaging, there could be extractable compounds
leaching into the water from the packaging. Though this article
is required to meet the same chemical purity limits as the bulk water, packaging extractables
will render the packaged water less pure than the bulk water. The nature of these impurities
may even 1S (USP35)
render the water an inappropriate choice for some applications. It is the user's responsibility to
ensure fitness for use of this packaged article when used in manufacturing, clinical, or
analytical applications where the pure bulk form of the water is indicated.
Water for Injection—Water for Injection (see the USP monograph) is used as an excipient in
the production of parenteral and other preparations where product endotoxin content must be
controlled, and in other pharmaceutical applications, such as cleaning of certain equipment and
parenteral product-contact components. The minimum quality of source or feed water for the
generation of Water for Injection is Drinking Water as defined by the U.S. Environmental
Protection Agency (EPA), EU, Japan, or WHO. This source water may be pretreated to render it
suitable for subsequent distillation (or whatever other validated process is used according to
the monograph). The finished water must meet all of the chemical requirements for Purified
Water as well as an additional bacterial endotoxin specification. Because endotoxins are
produced by the kinds of microorganisms that are prone to inhabit water, the equipment and
procedures used by the system to purify, store, and distribute Water for Injection must be
designed to minimize or prevent microbial contamination as well as remove incoming endotoxins
from the starting water. Water for Injection systems must be validated to reliably and
consistently produce and distribute this quality of water.
The Water for Injection monograph also allows
bulk packaging for commercial use. In contrast to Sterile Water for Injection, bulk packaged
Water for Injection is not required to be sterile. However, to preclude significant changes in its
microbial and endotoxins content during storage, this form of Water for Injection should be
prepared and stored in a fashion that limits microbial growth and/or is simply used in a timely
fashion before microbial proliferation renders it unsuitable for its intended use. Also depending
on the material used for packaging, there could be extractable compounds leaching into the
water from the packaging. Though this article is required to meet the same chemical purity
limits as the bulk water, packaging extractables will render the packaged water less pure than
the bulk water. The nature of these impurities may even render the water an inappropriate
choice for some applications. 1S (USP35)
It is the user's responsibility to ensure fitness for use of this packaged article when used in
manufacturing, clinical, or analytical applications where the purer bulk form of the water is
indicated.
Water for Hemodialysis—Water for Hemodialysis (see the USP monograph) is used for
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hemodialysis applications, primarily the dilution of hemodialysis concentrate solutions. It is
produced and used on site and is made from EPA Drinking Water that has been further purified
to reduce chemical and microbiological components. It may be packaged and stored in
unreactive containers that preclude bacterial entry. The term “unreactive containers” implies
that the container, especially its water contact surfaces, is not changed in any way by the
water, such as by leaching of container-related compounds into the water or by any chemical
reaction or corrosion caused by the water. The water contains no added antimicrobials and is
not intended for injection. Its attributes include specifications for water conductivity, total
organic carbon (or oxidizable substances), microbial limits, and bacterial endotoxins. The water
conductivity and total organic carbon attributes are identical to those established for Purified
Water and Water for Injection; however, instead of total organic carbon, the organic content
may alternatively be measured by the test for Oxidizable Substances. The microbial limits
attribute for this water is unique among the “bulk” water monographs, but is justified on the
basis of this water's specific application that has microbial content requirements related to its
safe use. The bacterial endotoxins attribute is likewise established at a level related to its safe
use.
Pure Steam—Pure Steam (see the USP monograph) is also sometimes referred to as “clean
steam”. It is used where the steam or its condensate would directly contact official articles or
article-contact surfaces, such as during their preparation, sterilization, or cleaning where no
subsequent processing step is used to remove any codeposited impurity residues. These Pure
Steam applications include but are not limited to porous load sterilization processes, product or
cleaning solutions heated by direct steam injection, or humidification of processes where steam
injection is used to control the humidity inside processing vessels where the official articles or
their in-process forms are exposed. The primary intent of using this quality of steam is to
ensure that official articles or article-contact surfaces exposed to it are not contaminated by
residues within the steam.
Pure Steam is prepared from suitably pretreated source water analogously to either the
pretreatment used for Purified Water or Water for Injection. The water is vaporized with
suitable mist elimination, and distributed under pressure. The sources of undesirable
contaminants within Pure Steam could arise from entrained source water droplets, anticorrosion
steam additives, or residues from the steam production and distribution system itself. The
attributes in the Pure Steam monograph should detect most of the contaminants that could
arise from these sources. If the official article exposed to potential Pure Steam residues is
intended for parenteral use or other applications where the pyrogenic content must be
controlled, the Pure Steam must additionally meet the specification for the Bacterial Endotoxins
Test 85 .
These purity attributes are measured on the condensate of the article, rather than the article
itself. This, of course, imparts great importance to the cleanliness of the Pure Steam
condensate generation and collection process because it must not adversely impact the quality
of the resulting condensed fluid.
Other steam attributes not detailed in the monograph, in particular, the presence of even small
quantities of noncondensable gases or the existence of a superheated or dry state, may also
be important for applications such as sterilization. The large release of energy (latent heat of
condensation) as water changes from the gaseous to the liquid state is the key to steam’s
sterilization efficacy and its efficiency, in general, as a heat transfer agent. If this phase
change (condensation) is not allowed to happen because the steam is extremely hot and in a
persistent superheated, dry state, then its usefulness could be seriously compromised.
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Noncondensable gases in steam tend to stratify or collect in certain areas of a steam
sterilization chamber or its load. These surfaces would thereby be at least partially insulated
from the steam condensation phenomenon, preventing them from experiencing the full energy
of the sterilizing conditions. Therefore, control of these kinds of steam attributes, in addition to
its chemical purity, may also be important for certain Pure Steam applications. However,
because these additional attributes are use-specific, they are not mentioned in the Pure Steam
monograph.
Note that less pure “plant steam” may be used for steam sterilization of nonproduct contact
nonporous loads, for general cleaning of nonproduct contact equipment, as a nonproduct
contact heat exchange medium, and in all compatible applications involved in bulk
pharmaceutical chemical and API manufacture.
Finally, owing to the lethal properties of Pure Steam, monitoring of microbial control within a
steam system is unnecessary. Therefore, microbial analysis of the steam condensate is
unnecessary.
1S (USP35)

Sterile Monographed Waters
The following monographed waters are packaged forms of either Purified Water or Water for
Injection that have been sterilized to preserve their microbiological properties. These waters
may have specific intended uses as indicated by their names and may also have restrictions on
packaging configurations related to those uses. In general, these
sterile packaged waters may be used in a variety of applications in lieu of the bulk forms of
water from which they were derived. However, there is a marked contrast between the quality
tests and purities for these bulk versus sterile packaged waters. These quality tests and
specifications for sterile packaged waters have diverged from those of bulk waters to
accommodate a wide variety of packaging types, properties, volumes, and uses. As a result,
the inorganic and organic impurity specifications and levels of the bulk and sterile packaged
forms of water are not equivalent as their name similarities imply. The packaging materials and
elastomeric closures are the primary sources of these impurities, which tend to increase over
these packaged articles’ shelf lives. Therefore, due consideration must be given to the chemical
purity suitability at the time of use of the sterile packaged forms of water when used in
manufacturing, analytical, and cleaning applications in lieu of the bulk waters from which these
waters were derived. It is the user's responsibility to ensure fitness for use of these sterile
packaged waters in these applications. Nevertheless, for the applications discussed below for
each sterile packaged water, their respective purities and packaging restrictions generally
render them suitable by definition. 1S (USP35)
Sterile Purified Water—Sterile Purified Water (see the USP monograph) is Purified Water,
packaged and rendered sterile. It is used in the preparation of nonparenteral compendial dosage
forms or in analytical applications requiring Purified Water where access to a validated Purified
Water system is not practical, where only a relatively small quantity is needed, where Sterile
Purified Water is required, or where bulk packaged Purified Water is not suitably
microbiologically controlled.
Sterile Water for Injection—Sterile Water for Injection (see the USP monograph) is Water for
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Injection packaged and rendered sterile. It is used for extemporaneous prescription
compounding and as a sterile diluent for parenteral products. It may also be used for other
applications where bulk Water for Injection or Purified Water is indicated but where access to a
validated water system is either not practical or where only a relatively small quantity is
needed. Sterile Water for Injection is packaged in single-dose containers not larger than 1 L in
size.
Bacteriostatic Water for Injection—Bacteriostatic Water for Injection (see the USP
monograph) is sterile Water for Injection to which has been added one or more suitable
antimicrobial preservatives. It is intended to be used as a diluent in the preparation of
parenteral products, most typically for multi-dose products that require repeated content
withdrawals. It may be packaged in single-dose or multiple-dose containers not larger than 30
mL.
Sterile Water for Irrigation—Sterile Water for Irrigation (see the USP monograph) is Water for
Injection packaged and sterilized in single-dose containers of larger than 1 L in size that allows
rapid delivery of its contents. It need not meet the requirement under small-volume injections
in the general test chapter Particulate Matter in Injections 788 . It may also be used in
other applications that do not have particulate matter specifications, where bulk Water for
Injection or Purified Water is indicated but where access to a validated water system is not
practical, or where somewhat larger quantities than are provided as Sterile Water for Injection
are needed.
Sterile Water for Inhalation—Sterile Water for Inhalation (see the USP monograph) is Water
for Injection that is packaged and rendered sterile and is intended for use in inhalators and in
the preparation of inhalation solutions. It carries a less stringent specification for bacterial
endotoxins than Sterile Water for Injection and therefore is not suitable for parenteral
applications.
Nonmonographed Manufacturing Waters
In addition to the bulk monographed waters described above, nonmonographed waters can also
be used in pharmaceutical processing steps such as cleaning, synthetic steps, or a starting
material for further purification. The following is a description of several of these
nonmonographed waters as cited in various locations within these compendia.
Drinking Water—This type of water can be referred to as Potable Water (meaning drinkable or
fit to drink), National Primary Drinking Water, Primary Drinking Water, or National Drinking Water.
Except where a singular drinking water specification is stated (such as the NPDWR [U.S.
Environmental Protection Agency's National Primary Drinking Water Regulations as cited in 40
CFR Part 141]), this water must comply with the quality attributes of either the NPDWR, or the
drinking water regulations of the European Union or Japan, or the WHO Drinking Water
Guidelines. It may be derived from a variety of sources including a public water utility, a private
water supply (e.g., a well), or a combination of these sources. Drinking Water may be used in
the early stages of cleaning pharmaceutical manufacturing equipment and product-contact
components. Drinking Water is also the minimum quality of water that should be used for the
preparation of official substances and other bulk pharmaceutical ingredients. Where compatible
with the processes, the allowed contaminant levels in Drinking Water are generally considered
safe for use for official substances and other drug substances. Where required by the
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processing of the materials to achieve their required final purity, higher qualities of water may
be needed for these manufacturing steps, perhaps even as pure as Water for Injection or
Purified Water. Such higher purity waters, however, might require only selected attributes to be
of higher purity than Drinking Water (see Figure 2). Drinking Water is the prescribed source or
feed water for the production of bulk monographed pharmaceutical waters. The use of Drinking
Water specifications establishes a reasonable set of maximum allowable levels of chemical and
microbiological contaminants with which a water purification system will be challenged. As
seasonal variations in the quality attributes of the Drinking Water supply can occur, due
consideration to its synthetic and cleaning uses must be given. The processing steps in the
production of pharmaceutical waters must be designed to accommodate this variability.

Figure 2. Selection of water for pharmaceutical purposes.
Hot Purified Water—This water is used in the preparation instructions for USP–NF articles and
is clearly intended to be Purified Water that has been heated to an unspecified temperature in
order to enhance solubilization of other ingredients. There is no upper temperature limit for the
water (other than being less than 100 ), but for each monograph there is an implied lower limit
below which the desired solubilization effect would not occur.
Nonmonographed Analytical Waters
Both General Notices and Requirements and the introductory section to Reagents, Indicators,
and Solutions clearly state that where the term “water,” without qualification or other
specification, is indicated for use in analyses, the quality of water shall be Purified Water.
However, numerous such qualifications do exist. Some of these qualifications involve methods
of preparation, ranging from specifying the primary purification step to specifying additional
purification. Other qualifications call for specific attributes to be met that might otherwise
interfere with analytical processes. In most of these latter cases, the required attribute is not
specifically tested. Rather, a further “purification process” is specified that ostensibly allows
the water to adequately meet this required attribute.
However, preparation instructions for many reagents were carried forward from the innovator's
laboratories to the originally introduced monograph for a particular USP–NF article or general
test chapter. The quality of the reagent water described in these tests may reflect the water
quality designation of the innovator's laboratory. These specific water designations may have
originated without the innovator's awareness of the requirement for Purified Water in USP–NF
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tests. Regardless of the original reason for the creation of these numerous special analytical
waters, it is possible that the attributes of these special waters could now be met by the basic
preparation steps and current specifications of Purified Water. In some cases, however, some
of the cited post-processing steps are still necessary to reliably achieve the required
attributes.
Users are not obligated to employ specific and perhaps archaically generated forms of analytical
water where alternatives with equal or better quality, availability, or analytical performance
may exist. The consistency and reliability for producing these alternative analytical waters
should be verified as producing the desired attributes. In addition, any alternative analytical
water must be evaluated on an application-by-application basis by the user to ensure its
suitability. Following is a summary of the various types of nonmonographed analytical waters
that are cited in the USP–NF.
Distilled Water—This water is produced by vaporizing liquid water and condensing it in a purer
state. It is used primarily as a solvent for reagent preparation, but it is also specified in the
execution of other aspects of tests, such as for rinsing an analyte, transferring a test material
as a slurry, as a calibration standard or analytical blank, and for test apparatus cleaning. It is
also cited as the starting water to be used for making High-Purity Water. Because none of the
cited uses of this water imply a need for a particular purity attribute that can only be derived
by distillation, water meeting the requirements for Purified Water derived by other means of
purification could be equally suitable where Distilled Water is specified.
Freshly Distilled Water—Also called “recently distilled water”, it is produced in a similar
fashion to Distilled Water and should be used shortly after its generation. This implies the need
to avoid endotoxin contamination as well as any other adventitious forms of contamination from
the air or containers that could arise with prolonged storage. It is used for preparing solutions
for subcutaneous test animal injections as well as for a reagent solvent in tests for which there
appears to be no particularly high water purity needed that could be ascribable to being
“freshly distilled”. In the test animal use, the term “freshly distilled” and its testing use imply a
chemical, endotoxin, and microbiological purity that could be equally satisfied by Water for
Injection (though no reference is made to these chemical, endotoxin, or microbial attributes or
specific protection from recontamination). For nonanimal uses, water meeting the requirements
for Purified Water derived by other means of purification and/or storage periods could be
equally suitable where “recently distilled water” or Freshly Distilled Water is specified.
Deionized Water—This water is produced by an ion-exchange process in which the
contaminating ions are replaced with either H+ or OH– ions. Similarly to Distilled Water,
Deionized Water is used primarily as a solvent for reagent preparation, but it is also specified in
the execution of other aspects of tests, such as for transferring an analyte within a test
procedure, as a calibration standard or analytical blank, and for test apparatus cleaning. Also,
none of the cited uses of this water imply any needed purity attribute that can only be
achieved by deionization. Therefore, water meeting the requirements for Purified Water that is
derived by other means of purification could be equally suitable where Deionized Water is
specified.
Freshly Deionized Water—This water is prepared in a similar fashion to Deionized Water,
though as the name suggests, it is to be used shortly after its production. This implies the need
to avoid any adventitious contamination that could occur upon storage. This water is indicated
for use as a reagent solvent as well as for cleaning. Due to the nature of the testing, Purified
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Water could be a reasonable alternative for these applications.
Deionized Distilled Water—This water is produced by deionizing (see Deionized Water)
Distilled Water. This water is used as a reagent in a liquid chromatography test that requires a
high purity. Because of the importance of this high purity, water that barely meets the
requirements for Purified Water may not be acceptable. High-Purity Water (see below) could be
a reasonable alternative for this water.
1S (USP35)

Filtered Water—This water is Purified Water that has been filtered to remove particles that
could interfere with the analysis where
this water is specified. It is sometimes used synonymously with Particle-Free Water and UltraFiltered Water and is cited in some monographs and general chapters as well as in Reagents.
Depending on its location, it is variously defined as water that has been passed through filters
rated as 1.2-µm, 0.22-µm, or 0.2-µm; or unspecified pore size. Even though the water names
and the filter pore sizes used to produce these waters are inconsistently defined, the use of
0.2-µm pore size filtered Purified Water should be universally acceptable for all applications
where Particle-Free Water, Filtered Water, or Ultra-Filtered Water are specified. 1S (USP35)
High-

1S (USP35)

Purity Water—The preparation of this water is defined in Containers—Glass
that
may be 1S (USP35)

660 . It is water

prepared by deionizing previously distilled water, and then filtering it through a 0.45-µm rated
membrane. This water must have an in-line conductivity of not greater than 0.15 µS/cm
(not less than 6.67 Megohm-cm) 1S (USP35)
at 25 . For the sake of purity comparison, the analogous Stage 1 and 2 conductivity
requirements for Purified Water at the same temperature are 1.3 µS/cm and 2.1 µS/cm,
respectively. The preparation specified in Containers—Glass 660 uses materials that are
highly efficient deionizers and that do not contribute copper ions or organics to the water,
assuring a very high quality water. If the water of this purity contacts the atmosphere even
briefly as it is being used or drawn from its purification system, its conductivity will immediately
degrade, by as much as about 1.0 µS/cm, as atmospheric carbon dioxide dissolves in the water
and equilibrates to bicarbonate ions. Therefore, if the analytical use requires that water purity
remains as high as possible, its use should be protected from atmospheric exposure. This water
is used as a reagent, as a solvent for reagent preparation, and for test apparatus cleaning
where less pure waters would not perform acceptably. However, if a user's routinely available
Purified Water is filtered and meets or exceeds the conductivity specifications of High-Purity
Water, it could be used in lieu of High-Purity Water. 1S (USP35)
Ammonia-Free Water—Functionally, this water must have a negligible ammonia concentration
to avoid interference in tests sensitive to ammonia. It has been equated with High-Purity Water
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that has a significantly tighter Stage 1 conductivity specification than Purified Water because
of the latter's allowance for a minimal level of ammonium among other ions. However, if the
user's Purified Water were filtered and met or exceeded the conductivity specifications of HighPurity Water, it would contain negligible ammonia or other ions and could be used in lieu of
High-Purity Water.
Carbon Dioxide-Free Water—The introductory portion of the Reagents, Indicators, and
Solutions section defines this water as Purified Water that has been vigorously boiled for at
least 5 minutes, then cooled and protected from absorption of atmospheric carbon dioxide.
Because the absorption of carbon dioxide tends to drive down the water pH, most of the uses
of Carbon Dioxide-Free Water are either associated as a solvent in pH-related or pH-sensitive
determinations or as a solvent in carbonate-sensitive reagents or determinations. Another use
of this water is for certain optical rotation and color and clarity of solution tests. Though it is
possible that this water is indicated for these tests simply because of its purity, it is also
possible that the pH effects of carbon dioxide-containing water could interfere with the results
of these tests. A third plausible reason that this water is indicated is that outgassing air
bubbles might interfere with these photometric-type tests. The boiled water preparation
approach will also greatly reduce the concentrations of many other dissolved gases along with
carbon dioxide. Therefore, in some of the applications for Carbon Dioxide-Free Water, it could
be the inadvertent deaeration effect that actually renders this water suitable. In addition to
boiling, deionization is perhaps an even more efficient process for removing dissolved carbon
dioxide (by drawing the dissolved gas equilibrium toward the ionized state with subsequent
removal by the ion-exchange resins). If the starting Purified Water is prepared by an efficient
deionization process and protected after deionization from exposure to atmospheric air, water
that is carbon dioxide-free can be effectively made without the application of heat. However,
this deionization process does not deaerate the water, so if Purified Water prepared by
deionization is considered as a substitute water in a test requiring Carbon Dioxide-Free Water,
the user must verify that it is not actually water akin to Deaerated Water (discussed below)
that is needed for the test. As indicated in High-Purity Water, even brief contact with the
atmosphere can allow small amounts of carbon dioxide to dissolve, ionize, and significantly
degrade the conductivity and lower the pH. If the analytical use requires the water to remain
as pH-neutral and as carbon dioxide-free as possible, even the analysis should be protected
from atmospheric exposure. However, in most applications, atmospheric exposure during testing
does not significantly affect its suitability in the test.
Ammonia- and Carbon Dioxide-Free Water—As implied by the name, this water should be
prepared by approaches compatible with those mentioned for both Ammonia-Free Water and
Carbon Dioxide-Free Water. Because the carbon dioxide-free attribute requires post-production
protection from the atmosphere, it is appropriate to first render the water ammonia-free using
the High-Purity Water process followed by the boiling and carbon dioxide-protected cooling
process. The High-Purity Water deionization process for creating Ammonia-Free Water will also
remove the ions generated from dissolved carbon dioxide and ultimately, by forced equilibration
to the ionized state, all the dissolved carbon dioxide. Therefore, depending on its use, an
acceptable procedure for making Ammonia- and Carbon Dioxide-Free Water could be to transfer
and collect High-Purity Water in a carbon dioxide intrusion-protected container.
Deaerated Water—This water is Purified Water that has been treated to reduce the content
of dissolved air by “suitable means”. In the Reagents section, approaches for boiling, cooling
(similar to Carbon Dioxide-Free Water but without the atmospheric carbon dioxide protection),
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and sonication are given as applicable for test uses other than dissolution and drug release
testing. Though Deaerated Water is not mentioned by name in Dissolution

711 , suggested

methods for deaerating dissolution media (which may be water) include warming to 41 ,
vacuum filtering through a 0.45-µm rated membrane, and vigorously stirring the filtrate while
maintaining the vacuum. This chapter specifically indicates that other validated approaches
may be used. In other monographs that also do not mention Deaerated Water by name,
degassing of water and other reagents is accomplished by sparging with helium. Deaerated
Water is used in both dissolution testing as well as liquid chromatography applications where
outgassing could either interfere with the analysis itself or cause erroneous results due to
inaccurate volumetric withdrawals. Applications where ambient temperature water is used for
reagent preparation, but the tests are performed at elevated temperatures, are candidates for
outgassing effects. If outgassing could interfere with test performance, including
chromatographic flow, colorimetric or photometric measurements, or volumetric accuracy, then
Deaerated Water should probably be used, whether called for in the analysis or not. The above
deaeration approaches might not render the water “gas-free”. At best, they reduce the
dissolved gas concentrations so that outgassing caused by temperature changes is not likely.
Recently Boiled Water—This water may include recently or freshly boiled water (with or
without mention of cooling in the title), but cooling prior to use is clearly intended. Occasionally
it is necessary to use when hot. Recently Boiled Water is specified because it is used in a pHrelated test or carbonate-sensitive reagent, in an oxygen-sensitive test or reagent, or in a test
where outgassing could interfere with the analysis, such as specific gravity or an appearance
test.
Oxygen-Free Water—The preparation of this water is not specifically described in the
compendia. Neither is there an oxygen specification or analysis mentioned. However, all uses
involve analyses of materials that could be sensitive to oxidation by atmospheric oxygen.
Procedures for the removal of dissolved oxygen from solvents, though not necessarily water,
are mentioned in Polarography 801 and Spectrophotometry and Light-Scattering 851 .
These procedures involve simple sparging of the liquid with an inert gas such as nitrogen or
helium, followed by inert gas blanketing to prevent oxygen reabsorption. The sparging times
cited range from 5 to 15 minutes to an unspecified period. Some Purified Water and Water for
Injection systems produce water that is maintained in a hot state and that is inert gas
blanketed during its preparation and storage and distribution. Though oxygen is poorly soluble in
hot water, such water may not be oxygen-free. Whatever procedure is used for removing
oxygen should be verified as reliably producing water that is fit for use.
Water for BET—

1S (USP35)

This water is also referred to as
LAL reagent water. This is often

1S (USP35)

Water for Injection, which may have been sterilized. It is free from a level of endotoxin that
would yield any detectable reaction or interference with the Limulus Amoebocyte Lysate
reagent used in the Bacterial Endotoxins Test

85 .

Organic-Free Water—This water is defined by Residual Solvents 467 as producing no
significantly interfering gas chromatography peaks. Referenced monographs specify using this
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water as the solvent for the preparation of standard and test solutions for the Residual
solvents test.
Lead-Free Water—This water is used as a transferring diluent for an analyte in a Lead 251
test. Though no specific instructions are given for its preparation, it must not contain any
detectable lead. Purified Water should be a suitable substitute for this water.
Chloride-Free Water—This water is specified as the solvent for use in an assay that contains
a reactant that precipitates in the presence of chloride. Though no specific preparation
instructions are given for this water, its rather obvious attribute is having a very low chloride
level in order to be unreactive with this chloride sensitive reactant. Purified Water could be
used for this water but should be tested to ensure that it is unreactive.
Hot Water—The uses of this water include solvents for achieving or enhancing reagent
solubilization, restoring the original volume of boiled or hot solutions, rinsing insoluble analytes
free of hot water soluble impurities, solvents for reagent recrystallization, apparatus cleaning,
and as a solubility attribute for various USP–NF articles. In only one monograph is the
temperature of “hot” water specified; so in all the other cases, the water temperature is less
important, but should be high enough to achieve the desirable effect. In all cases, the chemical
quality of the water is implied to be that of Purified Water.
VALIDATION AND QUALIFICATION OF WATER PURIFICATION, STORAGE, AND
DISTRIBUTION SYSTEMS
Establishing the dependability of pharmaceutical water purification, storage, and distribution
systems requires an appropriate period of monitoring and observation. Ordinarily, few problems
are encountered in maintaining the chemical purity of Purified Water and Water for Injection.
Nevertheless, the advent of using conductivity and TOC to define chemical purity has allowed
the user to more quantitatively assess the water's chemical purity and its variability as a
function of routine pretreatment system maintenance and regeneration. Even the presence of
such unit operations as heat exchangers and use point hoses can compromise the chemical
quality of water within and delivered from an otherwise well-controlled water system.
Therefore, an assessment of the consistency of the water's chemical purity over time must be
part of the validation program. However, even with the most well controlled chemical quality, it
is often more difficult to consistently meet established microbiological quality criteria owing to
phenomena occurring during and after chemical purification. A typical program involves
intensive daily sampling and testing of major process points for at least one month after
operational criteria have been established for each unit operation, point of use, and sampling
point.
An overlooked aspect of water system validation is the delivery of the water to its actual
location of use. If this transfer process from the distribution system outlets to the water use
locations (usually with hoses) is defined as outside the water system, then this transfer
process still needs to be validated to not adversely affect the quality of the water to the
extent it becomes unfit for use. Because routine microbial monitoring is performed for the same
transfer process and components (e.g., hoses and heat exchangers) as that of routine water
use (see Sampling Considerations), there is some logic to including this water transfer process
within the distribution system validation.
Validation is the process whereby substantiation to a high level of assurance that a specific
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process will consistently produce a product conforming to an established set of quality
attributes is acquired and documented. Prior to and during the very early stages of validation,
the critical process parameters and their operating ranges are established. A validation program
qualifies and documents the design, installation, operation, and performance of equipment. It
begins when the system is defined and moves through several stages: installation qualification
(IQ), operational qualification (OQ), and performance qualification (PQ). A graphical
representation of a typical water system validation life cycle is shown in Figure 3.

Figure 3. Water system validation life cycle.
A validation plan for a water system typically includes the following steps: (1) establishing
standards for quality attributes of the finished water and the source water; (2) defining
suitable unit operations and their operating parameters for achieving the desired finished water
quality attributes from the available source water; (3) selecting piping, equipment, controls,
and monitoring technologies; (4) developing an IQ stage consisting of instrument calibrations,
inspections to verify that the drawings accurately depict the final configuration of the water
system and, where necessary, special tests to verify that the installation meets the design
requirements; (5) developing an OQ stage consisting of tests and inspections to verify that the
equipment, system alerts, and controls are operating reliably and that appropriate alert and
action levels are established (This phase of qualification may overlap with aspects of the next
step.); and (6) developing a prospective PQ stage to confirm the appropriateness of critical
process parameter operating ranges (During this phase of validation, alert and action levels for
key quality attributes and operating parameters are verified.); (7) assuring the adequacy of
ongoing control procedures, e.g., sanitization frequency; (8) supplementing a validation
maintenance program (also called continuous validation life cycle) that includes a mechanism to
control changes to the water system and establishes and carries out scheduled preventive
maintenance including recalibration of instruments (In addition, validation maintenance includes
a monitoring program for critical process parameters and a corrective action program.); (9)
instituting a schedule for periodic review of the system performance and requalification; and
(10) completing protocols and documenting Steps 1 through 9.
PURIFIED WATER AND WATER FOR INJECTION SYSTEMS
The design, installation, and operation of systems to produce Purified Water and Water for
Injection include similar components, control techniques, and procedures. The quality attributes
of both waters differ only in the presence of a bacterial endotoxin requirement for Water for
Injection and in their methods of preparation, at least at the last stage of preparation. The
similarities in the quality attributes provide considerable common ground in the design of water

PF 38(3): May-Jun. 2012

94

systems to meet either requirement. The critical difference is the degree of control of the
system and the final purification steps needed to ensure bacterial and bacterial endotoxin
removal.
Production of pharmaceutical water employs sequential unit operations (processing steps) that
address specific water quality attributes and protect the operation of subsequent treatment
steps. A typical evaluation process to select an appropriate water quality for a particular
pharmaceutical purpose is shown in the decision tree in Figure 2. This diagram may be used to
assist in defining requirements for specific water uses and in the selection of unit operations.
The final unit operation used to produce Water for Injection is limited to distillation or other
processes equivalent or superior to distillation in the removal of chemical impurities as well as
microorganisms and their components. Distillation has a long history of reliable performance and
can be validated as a unit operation for the production of Water for Injection, but other
technologies or combinations of technologies can be validated as being equivalently effective.
Other technologies, such as ultrafiltration following another chemical purification process, may
be suitable in the production of Water for Injection if they can be shown through validation to
be as effective and reliable as distillation. The advent of new materials for older technologies,
such as reverse osmosis and ultrafiltration, that allow intermittent or continuous operation at
elevated, microbial temperatures, show promise for a valid use in producing Water for Injection.
The validation plan should be designed to establish the suitability of the system and to provide
a thorough understanding of the purification mechanism, range of operating conditions, required
pretreatment, and the most likely modes of failure. It is also necessary to demonstrate the
effectiveness of the monitoring scheme and to establish the documentation and qualification
requirements for the system's validation maintenance. Trials conducted in a pilot installation
can be valuable in defining the operating parameters and the expected water quality and in
identifying failure modes. However, qualification of the specific unit operation can only be
performed as part of the validation of the installed operational system. The selection of specific
unit operations and design characteristics for a water system should take into account the
quality of the feed water, the technology chosen for subsequent processing steps, the extent
and complexity of the water distribution system, and the appropriate compendial requirements.
For example, in the design of a system for Water for Injection, the final process (distillation or
whatever other validated process is used according to the monograph) must have effective
bacterial endotoxin reduction capability and must be validated.
UNIT OPERATIONS CONCERNS
The following is a brief description of selected unit operations and the operation and validation
concerns associated with them. Not all unit operations are discussed, nor are all potential
problems addressed. The purpose is to highlight issues that focus on the design, installation,
operation, maintenance, and monitoring parameters that facilitate water system validation.
Prefiltration
The purpose of prefiltration—also referred to as initial, coarse, or depth filtration—is to remove
solid contaminants down to a size of 7–10 µm from the incoming source water supply and
protect downstream system components from particulates that can inhibit equipment
performance and shorten their effective life. This coarse filtration technology utilizes primarily
sieving effects for particle capture and a depth of filtration medium that has a high “dirt load”
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capacity. Such filtration units are available in a wide range of designs and for various
applications. Removal efficiencies and capacities differ significantly, from granular bed filters
such as multimedia or sand for larger water systems, to depth cartridges for smaller water
systems. Unit and system configurations vary widely in type of filtering media and location in
the process. Granular or cartridge prefilters are often situated at or near the head of the water
pretreatment system prior to unit operations designed to remove the source water
disinfectants. This location, however, does not preclude the need for periodic microbial control
because biofilm can still proliferate, although at a slower rate in the presence of source water
disinfectants. Design and operational issues that may impact performance of depth filters
include channeling of the filtering media, blockage from silt, microbial growth, and filteringmedia loss during improper backwashing. Control measures involve pressure and flow monitoring
during use and backwashing, sanitizing, and replacing filtering media. An important design
concern is sizing of the filter to prevent channeling or media loss resulting from inappropriate
water flow rates as well as proper sizing to minimize excessively frequent or infrequent
backwashing or cartridge filter replacement.
Activated Carbon
Granular activated carbon beds adsorb low molecular weight organic material and oxidizing
additives, such as chlorine and chloramine compounds, removing them from the water. They are
used to achieve certain quality attributes and to protect against reaction with downstream
stainless steel surfaces, resins, and membranes. The chief operating concerns regarding
activated carbon beds include the propensity to support bacteria growth, the potential for
hydraulic channeling, the organic adsorption capacity, appropriate water flow rates and
contact time, the inability to be regenerated in situ, and the shedding of bacteria, endotoxins,
organic chemicals, and fine carbon particles. Control measures may involve monitoring water
flow rates and differential pressures, sanitizing with hot water or steam, backwashing, testing
for adsorption capacity, and frequent replacement of the carbon bed. If the activated carbon
bed is intended for organic reduction, it may also be appropriate to monitor influent and effluent
TOC. It is important to note that the use of steam for carbon bed sanitization is often
incompletely effective due to steam channeling rather than even permeation through the bed.
This phenomenon can usually be avoided by using hot water sanitization. It is also important to
note that microbial biofilm development on the surface of the granular carbon particles (as well
as on other particles such as found in deionizer beds and even multimedia beds) can cause
adjacent bed granules to “stick” together. When large masses of granules are agglomerated in
this fashion, normal backwashing and bed fluidization flow parameters may not be sufficient to
disperse them, leading to ineffective removal of trapped debris, loose biofilm, and penetration of
microbial controlling conditions (as well as regenerant chemicals as in the case of agglomerated
deionizer resins). Alternative technologies to activated carbon beds can be used in order to
avoid their microbial problems, such as disinfectant-neutralizing chemical additives and
regenerable organic scavenging devices. However, these alternatives do not function by the
same mechanisms as activated carbon, may not be as effective at removing disinfectants and
some organics, and have a different set of operating concerns and control measures that may
be nearly as troublesome as activated carbon beds.
Additives
Chemical additives are used in water systems (a) to control microorganisms by use of sanitants
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such as chlorine compounds and ozone, (b) to enhance the removal of suspended solids by use
of flocculating agents, (c) to remove chlorine compounds, (d) to avoid scaling on reverse
osmosis membranes, and (e) to adjust pH for more effective removal of carbonate and ammonia
compounds by reverse osmosis. These additives do not constitute “added substances” as long
as they are either removed by subsequent processing steps or are otherwise absent from the
finished water. Control of additives to ensure a continuously effective concentration and
subsequent monitoring to ensure their removal should be designed into the system and included
in the monitoring program.
Organic Scavengers
Organic scavenging devices use macroreticular weakly basic anion-exchange resins capable of
removing organic material and endotoxins from the water. They can be regenerated with
appropriate biocidal caustic brine solutions. Operating concerns are associated with organic
scavenging capacity, particulate, chemical and microbiological fouling of the reactive resin
surface, flow rate, regeneration frequency, and shedding of resin fragments. Control measures
include TOC testing of influent and effluent, backwashing, monitoring hydraulic performance,
and using downstream filters to remove resin fines.
Softeners
Water softeners may be located either upstream or downstream of disinfectant removal units.
They utilize sodium-based cation-exchange resins to remove water-hardness ions, such as
calcium and magnesium, that could foul or interfere with the performance of downstream
processing equipment such as reverse osmosis membranes, deionization devices, and distillation
units. Water softeners can also be used to remove other lower affinity cations, such as the
ammonium ion, that may be released from chloramine disinfectants commonly used in drinking
water and which might otherwise carryover through other downstream unit operations. If
ammonium removal is one of its purposes, the softener must be located downstream of the
disinfectant removal operation, which itself may liberate ammonium from neutralized chloramine
disinfectants. Water softener resin beds are regenerated with concentrated sodium chloride
solution (brine). Concerns include microorganism proliferation, channeling caused by biofilm
agglomeration of resin particles, appropriate water flow rates and contact time, ion-exchange
capacity, organic and particulate resin fouling, organic leaching from new resins, fracture of the
resin beads, resin degradation by excessively chlorinated water, and contamination from the
brine solution used for regeneration. Control measures involve recirculation of water during
periods of low water use, periodic sanitization of the resin and brine system, use of microbial
control devices (e.g., UV light and chlorine), locating the unit upstream of the disinfectant
removal step (if used only for softening), appropriate regeneration frequency, effluent chemical
monitoring (e.g., hardness ions and possibly ammonium), and downstream filtration to remove
resin fines. If a softener is used for ammonium removal from chloramine-containing source
water, then capacity, contact time, resin surface fouling, pH, and regeneration frequency are
very important.
Deionization
Deionization (DI), and continuous electrodeionization (CEDI) are effective methods of improving
the chemical quality attributes of water by removing cations and anions. DI systems have
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charged resins that require periodic regeneration with an acid and base. Typically, cationic
resins are regenerated with either hydrochloric or sulfuric acid, which replace the captured
positive ions with hydrogen ions. Anionic resins are regenerated with sodium or potassium
hydroxide, which replace captured negative ions with hydroxide ions. Because free endotoxin is
negatively charged, there is some removal of endotoxin achieved by the anionic resin. Both
regenerant chemicals are biocidal and offer a measure of microbial control. The system can be
designed so that the cation and anion resins are in separate or “twin” beds or they can be
mixed together to form a mixed bed. Twin beds are easily regenerated but deionize water less
efficiently than mixed beds, which have a considerably more complex regeneration process.
Rechargeable resin canisters can also be used for this purpose.
The CEDI system uses a combination of mixed resin, selectively permeable membranes, and an
electric charge, providing continuous flow (product and waste concentrate) and continuous
regeneration. Water enters both the resin section and the waste (concentrate) section. As it
passes through the resin, it is deionized to become product water. The resin acts as a
conductor enabling the electrical potential to drive the captured cations and anions through
the resin and appropriate membranes for concentration and removal in the waste water stream.
The electrical potential also separates the water in the resin (product) section into hydrogen
and hydroxide ions. This permits continuous regeneration of the resin without the need for
regenerant additives. However, unlike conventional deionization, CEDI units must start with
water that is already partially purified because they generally cannot produce Purified Water
quality when starting with the heavier ion load of unpurified source water.
Concerns for all forms of deionization units include microbial and endotoxin control, chemical
additive impact on resins and membranes, and loss, degradation, and fouling of resin. Issues of
concern specific to DI units include regeneration frequency and completeness, channeling
caused by biofilm agglomeration of resin particles, organic leaching from new resins, complete
resin separation for mixed bed regeneration, and mixing air contamination (mixed beds). Control
measures vary but typically include recirculation loops, effluent microbial control by UV light,
conductivity monitoring, resin testing, microporous filtration of mixing air, microbial monitoring,
frequent regeneration to minimize and control microorganism growth, sizing the equipment for
suitable water flow and contact time, and use of elevated temperatures. Internal distributor
and regeneration piping for mixed bed units should be configured to ensure that regeneration
chemicals contact all internal bed and piping surfaces and resins. Rechargeable canisters can
be the source of contamination and should be carefully monitored. Full knowledge of previous
resin use, minimum storage time between regeneration and use, and appropriate sanitizing
procedures are critical factors ensuring proper performance.
Reverse Osmosis
Reverse osmosis (RO) units employ semipermeable membranes. The “pores” of RO membranes
are actually intersegmental spaces among the polymer molecules. They are big enough for
permeation of water molecules, but too small to permit passage of hydrated chemical ions.
However, many factors including pH, temperature, and differential pressure across the
membrane affect the selectivity of this permeation. With the proper controls, RO membranes
can achieve chemical, microbial, and endotoxin quality improvement. The process streams
consist of supply water, product water (permeate), and wastewater (reject). Depending on
source water, pretreatment and system configuration variations and chemical additives may be
necessary to achieve desired performance and reliability.
A major factor affecting RO performance is the permeate recovery rate, that is, the amount of
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the water passing through the membrane compared to the amount rejected. This is influenced
by the several factors, but most significantly by the pump pressure. Recoveries of 75% are
typical, and can accomplish a 1–2 log purification of most impurities. For most feed waters, this
is usually not enough to meet Purified Water conductivity specifications. A second pass of this
permeate water through another RO stage usually achieves the necessary permeate purity if
other factors such as pH and temperature have been appropriately adjusted and the ammonia
from chloraminated source water has been previously removed. Increasing recoveries with
higher pressures in order to reduce the volume of reject water will lead to reduced permeate
purity. If increased pressures are needed over time to achieve the same permeate flow, this is
an indication of partial membrane blockage that needs to be corrected before it becomes
irreversibly fouled, and expensive membrane replacement is the only option.
Other concerns associated with the design and operation of RO units include membrane
materials that are extremely sensitive to sanitizing agents and to particulate, chemical, and
microbial membrane fouling; membrane and seal integrity; the passage of dissolved gases, such
as carbon dioxide and ammonia; and the volume of wastewater, particularly where water
discharge is tightly regulated by local authorities. Failure of membrane or seal integrity will
result in product water contamination. Methods of control involve suitable pretreatment of the
influent water stream, appropriate membrane material selection, integrity challenges, membrane
design and heat tolerance, periodic sanitization, and monitoring of differential pressures,
conductivity, microbial levels, and TOC.
The development of RO units that can tolerate sanitizing water temperatures as well as operate
efficiently and continuously at elevated temperatures has added greatly to their microbial
control and to the avoidance of biofouling. RO units can be used alone or in combination with DI
and CEDI units as well as ultrafiltration for operational and quality enhancements.
Ultrafiltration
Ultrafiltration is a technology most often employed in pharmaceutical water systems for
removing endotoxins from a water stream. It can also use semipermeable membranes, but unlike
RO, these typically use polysulfone membranes whose intersegmental “pores” have been
purposefully exaggerated during their manufacture by preventing the polymer molecules from
reaching their smaller equilibrium proximities to each other. Depending on the level of equilibrium
control during their fabrication, membranes with differing molecular weight “cutoffs” can be
created such that molecules with molecular weights above these cutoffs ratings are rejected
and cannot penetrate the filtration matrix.
Ceramic ultrafilters are another molecular sieving technology. Ceramic ultrafilters are self
supporting and extremely durable, backwashable, chemically cleanable, and steam sterilizable.
However, they may require higher operating pressures than membrane type ultrafilters.
All ultrafiltration devices work primarily by a molecular sieving principle. Ultrafilters with
molecular weight cutoff ratings in the range of 10,000–20,000 Da are typically used in water
systems for removing endotoxins. This technology may be appropriate as an intermediate or
final purification step. Similar to RO, successful performance is dependent upon pretreatment of
the water by upstream unit operations.
Issues of concern for ultrafilters include compatibility of membrane material with heat and
sanitizing agents, membrane integrity, fouling by particles and microorganisms, and seal
integrity. Control measures involve filtration medium selection, sanitization, flow design (dead
end vs. tangential), integrity challenges, regular cartridge changes, elevated feed water
temperature, and monitoring TOC and differential pressure. Additional flexibility in operation is
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possible based on the way ultrafiltration units are arranged such as in a parallel or series
configurations. Care should be taken to avoid stagnant water conditions that could promote
microorganism growth in back-up or standby units.
Charge-Modified Filtration
Charge-modified filters are usually microbially retentive filters that are treated during their
manufacture to have a positive charge on their surfaces. Microbial retentive filtration will be
described in a subsequent section, but the significant feature of these membranes is their
electrostatic surface charge. Such charged filters can reduce endotoxin levels in the fluids
passing through them by their adsorption (owing to endotoxin's negative charge) onto the
membrane surfaces. Though ultrafilters are more often employed as a unit operation for
endotoxin removal in water systems, charge-modified filters may also have a place in endotoxin
removal particularly where available upstream pressures are not sufficient for ultrafiltration and
for a single, relatively short term use. Charge-modified filters may be difficult to validate for
long-term or large-volume endotoxin retention. Even though their purified standard endotoxin
retention can be well characterized, their retention capacity for “natural” endotoxins is difficult
to gauge. Nevertheless, utility could be demonstrated and validated as short-term, single-use
filters at points of use in water systems that are not designed for endotoxin control or where
only an endotoxin “polishing” (removal of only slight or occasional endotoxin levels) is needed.
Control and validation concerns include volume and duration of use, flow rate, water
conductivity and purity, and constancy and concentration of endotoxin levels being removed.
All of these factors may have to be evaluated and challenged prior to using this approach,
making this a difficult-to-validate application. Even so, there may still be a possible need for
additional backup endotoxin testing both upstream and downstream of the filter.
Microbial-Retentive Filtration
Microbial-retentive membrane filters have experienced an evolution of understanding in the past
decade that has caused previously held theoretical retention mechanisms to be reconsidered.
These filters have a larger effective “pore size” than ultrafilters and are intended to prevent
the passage of microorganisms and similarly sized particles without unduly restricting flow. This
type of filtration is widely employed within water systems for filtering the bacteria out of both
water and compressed gases as well as for vent filters on tanks and stills and other unit
operations. However, the properties of the water system microorganisms seem to challenge a
filter's microbial retention from water with phenomena absent from other aseptic filtration
applications, such as filter sterilizing of pharmaceutical formulations prior to packaging. In the
latter application, sterilizing grade filters are generally considered to have an assigned rating of
0.2 or 0.22 µm. This rather arbitrary rating is associated with filters that have the ability to
retain a high level challenge of a specially prepared inoculum of Brevundimonas (formerly
Pseudomonas) diminuta. This is a small microorganism originally isolated decades ago from a
product that had been “filter sterilized” using a 0.45-µm rated filter. Further study revealed
that a percentage of cells of this microorganism could reproducibly penetrate the 0.45-µm
sterilizing filters. Through historic correlation of B. diminuta retaining tighter filters, thought to
be twice as good as a 0.45-µm filter, assigned ratings of 0.2 or 0.22 µm with their successful
use in product solution filter sterilization, both this filter rating and the associated high level B.
diminuta challenge have become the current benchmarks for sterilizing filtration. New evidence
now suggests that for microbial-retentive filters used for pharmaceutical water, B. diminuta
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may not be the best model microorganism.
An archaic understanding of microbial retentive filtration would lead one to equate a filter's
rating with the false impression of a simple sieve or screen that absolutely retains particles
sized at or above the filter's rating. A current understanding of the mechanisms involved in
microbial retention and the variables that can affect those mechanisms has yielded a far more
complex interaction of phenomena than previously understood. A combination of simple sieve
retention and surface adsorption are now known to contribute to microbial retention.
The following all interact to create some unusual and surprising retention phenomena for water
system microorganisms: the variability in the range and average pore sizes created by the
various membrane fabrication processes, the variability of the surface chemistry and threedimensional structure related to the different polymers used in these filter matrices, and the
size and surface properties of the microorganism intended to be retained by the filters. B.
diminuta may not be the best challenge microorganisms for demonstrating bacterial retention
for 0.2- to 0.22-µm rated filters for use in water systems because it appears to be more easily
retained by these filters than some water system flora. The well-documented appearance of
water system microorganisms on the downstream sides of some 0.2- to 0.22-µm rated filters
after a relatively short period of use seems to support that some penetration phenomena are at
work. Unknown for certain is if this downstream appearance is caused by a “blow-through” or
some other pass-through phenomenon as a result of tiny cells or less cell “stickiness”, or by a
“growth through” phenomenon as a result of cells hypothetically replicating their way through
the pores to the downstream side. Whatever is the penetration mechanism, 0.2- to 0.22-µm
rated membranes may not be the best choice for some water system uses.
Microbial retention success in water systems has been reported with the use of some
manufacturers' filters arbitrarily rated as 0.1 µm. There is general agreement that for a given
manufacturer, their 0.1-µm rated filters are tighter than their 0.2- to 0.22-µm rated filters.
However, comparably rated filters from different manufacturers in water filtration applications
may not perform equivalently owing to the different filter fabrication processes and the
nonstandardized microbial retention challenge processes currently used for defining the 0.1-µm
filter rating. It should be noted that use of 0.1-µm rated membranes generally results in a
sacrifice in flow rate compared to 0.2- to 0.22-µm membranes, so whatever membranes are
chosen for a water system application, the user must verify that the membranes are suitable
for their intended application, use period, and use process, including flow rate.
For microbial retentive gas filtrations, the same sieving and adsorptive retention phenomena are
at work as in liquid filtration, but the adsorptive phenomenon is enhanced by additional
electrostatic interactions between particles and filter matrix. These electrostatic interactions
are so strong that particle retention for a given filter rating is significantly more efficient in gas
filtration than in water or product solution filtrations. These additional adsorptive interactions
render filters rated at 0.2–0.22 µm unquestionably suitable for microbial retentive gas
filtrations. When microbially retentive filters are used in these applications, the membrane
surface is typically hydrophobic (non-wettable by water). A significant area of concern for gas
filtration is blockage of tank vents by condensed water vapor, which can cause mechanical
damage to the tank. Control measures include electrical or steam tracing and a self-draining
orientation of vent filter housings to prevent accumulation of vapor condensate. However, a
continuously high filter temperature will take an oxidative toll on polypropylene components of
the filter, so sterilization of the unit prior to initial use, and periodically thereafter, as well as
regular visual inspections, integrity tests, and changes are recommended control methods.
In water applications, microbial retentive filters may be used downstream of unit operations
that tend to release microorganisms or upstream of unit operations that are sensitive to
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microorganisms. Microbial retentive filters may also be used to filter water feeding the
distribution system. It should be noted that regulatory authorities allow the use of microbial
retentive filters within distribution systems or even at use points if they have been properly
validated and are appropriately maintained. A point-of-use filter should only be intended to
“polish” the microbial quality of an otherwise well-maintained system and not to serve as the
primary microbial control device. The efficacy of system microbial control measures can only be
assessed by sampling the water upstream of the filters. As an added measure of protection, inline UV lamps, appropriately sized for the flow rate (see Sanitization), may be used just
upstream of microbial retentive filters to inactivate microorganisms prior to their capture by the
filter. This tandem approach tends to greatly delay potential microbial penetration phenomena
and can substantially extend filter service life.
Ultraviolet Light
The use of low-pressure UV lights that emit a 254-nm wavelength for microbial control is
discussed under Sanitization, but the application of UV light in chemical purification is also
emerging. This 254-nm wavelength is also useful in the destruction of ozone. With intense
emissions at wavelengths around 185 nm (as well as at 254 nm), medium pressure UV lights
have demonstrated utility in the destruction of the chlorine-containing disinfectants used in
source water as well as for interim stages of water pretreatment. High intensities of this
wavelength alone or in combination with other oxidizing sanitants, such as hydrogen peroxide,
have been used to lower TOC levels in recirculating distribution systems. The organics are
typically converted to carbon dioxide, which equilibrates to bicarbonate, and incompletely
oxidized carboxylic acids, both of which can easily be removed by polishing ion-exchange
resins. Areas of concern include adequate UV intensity and residence time, gradual loss of UV
emissivity with bulb age, gradual formation of UV-absorbing film at the water contact surface,
incomplete photodegradation during unforeseen source water hyperchlorination, release of
ammonia from chloramine photodegradation, unapparent UV bulb failure, and conductivity
degradation in distribution systems using 185-nm UV lights. Control measures include regular
inspection or emissivity alarms to detect bulb failures or film occlusions, regular UV bulb sleeve
cleaning and wiping, downstream chlorine detectors, downstream polishing deionizers, and
regular (approximately yearly) bulb replacement.
Distillation
Distillation units provide chemical and microbial purification via thermal vaporization, mist
elimination, and water vapor condensation. A variety of designs is available including single
effect, multiple effect, and vapor compression. The latter two configurations are normally used
in larger systems because of their generating capacity and efficiency. Distilled water systems
require different feed water controls than required by membrane systems. For distillation, due
consideration must be given to prior removal of hardness and silica impurities that may foul or
corrode the heat transfer surfaces as well as prior removal of those impurities that could
volatize and condense along with the water vapor. In spite of general perceptions, even the
best distillation process cannot afford absolute removal of contaminating ions and endotoxin.
Most stills are recognized as being able to accomplish at least a 3–4 log reduction in these
impurity concentrations. Areas of concern include carry-over of volatile organic impurities such
as trihalomethanes (see Source or Feed Water Considerations) and gaseous impurities such as
ammonia and carbon dioxide, faulty mist elimination, evaporator flooding, inadequate blowdown,
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stagnant water in condensers and evaporators, pump and compressor seal design, pinhole
evaporator and condenser leaks, and conductivity (quality) variations during start-up and
operation.
Methods of control may involve preliminary decarbonation steps to remove both dissolved
carbon dioxide and other volatile or noncondensable impurities; reliable mist elimination to
minimize feedwater droplet entrainment; visual or automated high water level indication to
detect boiler flooding and boil over; use of sanitary pumps and compressors to minimize
microbial and lubricant contamination of feedwater and condensate; proper drainage during
inactive periods to minimize microbial growth and accumulation of associated endotoxin in boiler
water; blow down control to limit the impurity concentration effect in the boiler to manageable
levels; on-line conductivity sensing with automated diversion to waste to prevent unacceptable
water upon still startup or still malfunction from getting into the finished water distribute
system; and periodic integrity testing for pinhole leaks to routinely assure condensate is not
compromised by nonvolatized source water contaminants.
Storage Tanks
Storage tanks are included in water distribution systems to optimize processing equipment
capacity. Storage also allows for routine maintenance within the pretreatment train while
maintaining continuous supply to meet manufacturing needs. Design and operation
considerations are needed to prevent or minimize the development of biofilm, to minimize
corrosion, to aid in the use of chemical sanitization of the tanks, and to safeguard mechanical
integrity. These considerations may include using closed tanks with smooth interiors, the ability
to spray the tank headspace using sprayballs on recirculating loop returns, and the use of
heated, jacketed/insulated tanks. This minimizes corrosion and biofilm development and aids in
thermal and chemical sanitization. Storage tanks require venting to compensate for the
dynamics of changing water levels. This can be accomplished with a properly oriented and
heat-traced filter housing fitted with a hydrophobic microbial retentive membrane filter affixed
to an atmospheric vent. Alternatively, an automatic membrane-filtered compressed gas
blanketing system may be used. In both cases, rupture disks equipped with a rupture alarm
device should be used as a further safeguard for the mechanical integrity of the tank. Areas of
concern include microbial growth or corrosion due to irregular or incomplete sanitization and
microbial contamination from unalarmed rupture disk failures caused by condensate-occluded
vent filters.
Distribution Systems
Distribution system configuration should allow for the continuous flow of water in the piping by
means of recirculation. Use of nonrecirculating, dead-end, or one-way systems or system
segments should be avoided whenever possible. If not possible, these systems should be
periodically flushed and more closely monitored. Experience has shown that continuously
recirculated systems are easier to maintain. Pumps should be designed to deliver fully turbulent
flow conditions to facilitate thorough heat distribution (for hot water sanitized systems) as well
as thorough chemical sanitant distribution. Turbulent flow also appear to either retard the
development of biofilms or reduce the tendency of those biofilms to shed bacteria into the
water. If redundant pumps are used, they should be configured and used to avoid microbial
contamination of the system.
Components and distribution lines should be sloped and fitted with drain points so that the
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system can be completely drained. In stainless steel distribution systems where the water is
circulated at a high temperature, dead legs and low-flow conditions should be avoided, and
valved tie-in points should have length-to-diameter ratios of six or less. If constructed of heat
tolerant plastic, this ratio should be even less to avoid cool points where biofilm development
could occur. In ambient temperature distribution systems, particular care should be exercised
to avoid or minimize dead leg ratios of any size and provide for complete drainage. If the
system is intended to be steam sanitized, careful sloping and low-point drainage is crucial to
condensate removal and sanitization success. If drainage of components or distribution lines is
intended as a microbial control strategy, they should also be configured to be completely dried
using dry compressed air (or nitrogen if appropriate employee safety measures are used).
Drained but still moist surfaces will still support microbial proliferation. Water exiting from the
distribution system should not be returned to the system without first passing through all or a
portion of the purification train.
The distribution design should include the placement of sampling valves in the storage tank and
at other locations, such as in the return line of the recirculating water system. Where feasible,
the primary sampling sites for water should be the valves that deliver water to the points of
use. Direct connections to processes or auxiliary equipment should be designed to prevent
reverse flow into the controlled water system. Hoses and heat exchangers that are attached to
points of use in order to deliver water for a particular use must not chemically or
microbiologically degrade the water quality. The distribution system should permit sanitization
for microorganism control. The system may be continuously operated at sanitizing conditions or
sanitized periodically.
INSTALLATION, MATERIALS OF CONSTRUCTION, AND COMPONENT SELECTION
Installation techniques are important because they can affect the mechanical, corrosive, and
sanitary integrity of the system. Valve installation attitude should promote gravity drainage.
Pipe supports should provide appropriate slopes for drainage and should be designed to support
the piping adequately under worst-case thermal and flow conditions. The methods of
connecting system components including units of operation, tanks, and distribution piping
require careful attention to preclude potential problems. Stainless steel welds should provide
reliable joints that are internally smooth and corrosion-free. Low-carbon stainless steel,
compatible wire filler, where necessary, inert gas, automatic welding machines, and regular
inspection and documentation help to ensure acceptable weld quality. Follow-up cleaning and
passivation are important for removing contamination and corrosion products and to reestablish the passive corrosion resistant surface. Plastic materials can be fused (welded) in
some cases and also require smooth, uniform internal surfaces. Adhesive glues and solvents
should be avoided due to the potential for voids and extractables. Mechanical methods of
joining, such as flange fittings, require care to avoid the creation of offsets, gaps,
penetrations, and voids. Control measures include good alignment, properly sized gaskets,
appropriate spacing, uniform sealing force, and the avoidance of threaded fittings.
Materials of construction should be selected to be compatible with control measures such as
sanitizing, cleaning, and passivating. Temperature rating is a critical factor in choosing
appropriate materials because surfaces may be required to handle elevated operating and
sanitization temperatures. Should chemicals or additives be used to clean, control, or sanitize
the system, materials resistant to these chemicals or additives must be utilized. Materials
should be capable of handling turbulent flow and elevated velocities without wear of the
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corrosion-resistant film such as the passive chromium oxide surface of stainless steel. The
finish on metallic materials such as stainless steel, whether it is a refined mill finish, polished to
a specific grit, or an electropolished treatment, should complement system design and provide
satisfactory corrosion and microbial activity resistance as well as chemical sanitizability.
Auxiliary equipment and fittings that require seals, gaskets, diaphragms, filter media, and
membranes should exclude materials that permit the possibility of extractables, shedding, and
microbial activity. Insulating materials exposed to stainless steel surfaces should be free of
chlorides to avoid the phenomenon of stress corrosion cracking that can lead to system
contamination and the destruction of tanks and critical system components.
Specifications are important to ensure proper selection of materials and to serve as a reference
for system qualification and maintenance. Information such as mill reports for stainless steel
and reports of composition, ratings, and material handling capabilities for nonmetallic
substances should be reviewed for suitability and retained for reference. Component (auxiliary
equipment) selection should be made with assurance that it does not create a source of
contamination intrusion. Heat exchangers should be constructed to prevent leakage of heat
transfer medium to the pharmaceutical water and, for heat exchanger designs where prevention
may fail, there should be a means to detect leakage. Pumps should be of sanitary design with
seals that prevent contamination of the water. Valves should have smooth internal surfaces
with the seat and closing device exposed to the flushing action of water, such as occurs in
diaphragm valves. Valves with pocket areas or closing devices (e.g., ball, plug, gate, globe)
that move into and out of the flow area should be avoided.
SANITIZATION
Microbial control in water systems is achieved primarily through sanitization practices. Systems
can be sanitized using either thermal or chemical means. Thermal approaches to system
sanitization include periodic or continuously circulating hot water and the use of steam.
Temperatures of at least 80 are most commonly used for this purpose, but continuously
recirculating water of at least 65 has also been used effectively in insulated stainless steel
distribution systems when attention is paid to uniformity and distribution of such self-sanitizing
temperatures. These techniques are limited to systems that are compatible with the higher
temperatures needed to achieve sanitization. Although thermal methods control biofilm
development by either continuously inhibiting their growth or, in intermittent applications, by
killing the microorganisms within biofilms, they are not effective in removing established biofilms.
Killed but intact biofilms can become a nutrient source for rapid biofilm regrowth after the
sanitizing conditions are removed or halted. In such cases, a combination of routine thermal
and periodic supplementation with chemical sanitization might be more effective. The more
frequent the thermal sanitization, the more likely biofilm development and regrowth can be
eliminated. Chemical methods, where compatible, can be used on a wider variety of
construction materials. These methods typically employ oxidizing agents such as halogenated
compounds, hydrogen peroxide, ozone, peracetic acid, or combinations thereof. Halogenated
compounds are effective sanitizers but are difficult to flush from the system and may leave
biofilms intact. Compounds such as hydrogen peroxide, ozone, and peracetic acid oxidize
bacteria and biofilms by forming reactive peroxides and free radicals (notably hydroxyl radicals).
The short half-life of ozone in particular, and its limitation on achievable concentrations require
that it be added continuously during the sanitization process. Hydrogen peroxide and ozone
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rapidly degrade to water and oxygen; peracetic acid degrades to acetic acid in the presence of
UV light. In fact, ozone's ease of degradation to oxygen using 254-nm UV lights at use points
allow it to be most effectively used on a continuous basis to provide continuously sanitizing
conditions.
In-line UV light at a wavelength of 254 nm can also be used to continuously “sanitize” water
circulating in the system, but these devices must be properly sized for the water flow. Such
devices inactivate a high percentage (but not 100%) of microorganisms that flow through the
device but cannot be used to directly control existing biofilm upstream or downstream of the
device. However, when coupled with conventional thermal or chemical sanitization technologies
or located immediately upstream of a microbially retentive filter, it is most effective and can
prolong the interval between system sanitizations.
It is important to note that microorganisms in a well-developed biofilm can be extremely difficult
to kill, even by aggressive oxidizing biocides. The less developed and therefore thinner the
biofilm, the more effective the biocidal action. Therefore, optimal biocide control is achieved by
frequent biocide use that does not allow significant biofilm development between treatments.
Sanitization steps require validation to demonstrate the capability of reducing and holding
microbial contamination at acceptable levels. Validation of thermal methods should include a
heat distribution study to demonstrate that sanitization temperatures are achieved throughout
the system, including the body of use point valves. Validation of chemical methods require
demonstrating adequate chemical concentrations throughout the system, exposure to all
wetted surfaces, including the body of use point valves, and complete removal of the sanitant
from the system at the completion of treatment. Methods validation for the detection and
quantification of residues of the sanitant or its objectionable degradants is an essential part of
the validation program. The frequency of sanitization should be supported by, if not triggered
by, the results of system microbial monitoring. Conclusions derived from trend analysis of the
microbiological data should be used as the alert mechanism for maintenance. The frequency of
sanitization should be established in such a way that the system operates in a state of
microbiological control and does not routinely exceed alert levels (see Alert and Action Levels
and Specifications).
OPERATION, MAINTENANCE, AND CONTROL
A preventive maintenance program should be established to ensure that the water system
remains in a state of control. The program should include (1) procedures for operating the
system, (2) monitoring programs for critical quality attributes and operating conditions including
calibration of critical instruments, (3) schedule for periodic sanitization, (4) preventive
maintenance of components, and (5) control of changes to the mechanical system and to
operating conditions.
Operating Procedures—Procedures for operating the water system and performing routine
maintenance and corrective action should be written, and they should also define the point
when action is required. The procedures should be well documented, detail the function of each
job, assign who is responsible for performing the work, and describe how the job is to be
conducted. The effectiveness of these procedures should be assessed during water system
validation.
Monitoring Program—Critical quality attributes and operating parameters should be
documented and monitored. The program may include a combination of in-line sensors or
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automated instruments (e.g., for TOC, conductivity, hardness, and chlorine), automated or
manual documentation of operational parameters (such as flow rates or pressure drop across a
carbon bed, filter, or RO unit), and laboratory tests (e.g., total microbial counts). The
frequency of sampling, the requirement for evaluating test results, and the necessity for
initiating corrective action should be included.
Sanitization—Depending on system design and the selected units of operation, routine periodic
sanitization may be necessary to maintain the system in a state of microbial control.
Technologies for sanitization are described above.
Preventive Maintenance—A preventive maintenance program should be in effect. The
program should establish what preventive maintenance is to be performed, the frequency of
maintenance work, and how the work should be documented.
Change Control—The mechanical configuration and operating conditions must be controlled.
Proposed changes should be evaluated for their impact on the whole system. The need to
requalify the system after changes are made should be determined. Following a decision to
modify a water system, the affected drawings, manuals, and procedures should be revised.
SAMPLING CONSIDERATIONS
Water systems should be monitored at a frequency that is sufficient to ensure that the system
is in control and continues to produce water of acceptable quality. Samples should be taken
from representative locations within the processing and distribution system. Established
sampling frequencies should be based on system validation data and should cover critical areas
including unit operation sites. The sampling plan should take into consideration the desired
attributes of the water being sampled. For example, systems for Water for Injection because of
their more critical microbiological requirements, may require a more rigorous sampling frequency.
Analyses of water samples often serve two purposes: in-process control assessments and final
quality control assessments. In-process control analyses are usually focused on the attributes
of the water within the system. Quality control is primarily concerned with the attributes of the
water delivered by the system to its various uses. The latter usually employs some sort of
transfer device, often a flexible hose, to bridge the gap between the distribution system usepoint valve and the actual location of water use. The issue of sample collection location and
sampling procedure is often hotly debated because of the typically mixed use of the data
generated from the samples, for both in-process control and quality control. In these single
sample and mixed data use situations, the worst-case scenario should be utilized. In other
words, samples should be collected from use points using the same delivery devices, such as
hoses, and procedures, such as preliminary hose or outlet flushing, as are employed by
production from those use points. Where use points per se cannot be sampled, such as hardpiped connections to equipment, special sampling ports may be used. In all cases, the sample
must represent as closely as possible the quality of the water used in production. If a point of
use filter is employed, sampling of the water prior to and after the filter is needed because the
filter will mask the microbial control achieved by the normal operating procedures of the
system.
Samples containing chemical sanitizing agents require neutralization prior to microbiological
analysis. Samples for microbiological analysis should be tested immediately, or suitably
refrigerated to preserve the original microbial attributes until analysis can begin. Samples of
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flowing water are only indicative of the concentration of planktonic (free floating)
microorganisms present in the system. Biofilm microorganisms (those attached to water system
surfaces) are usually present in greater numbers and are the source of the planktonic
population recovered from grab samples. Microorganisms in biofilms represent a continuous
source of contamination and are difficult to directly sample and quantify. Consequently, the
planktonic population is usually used as an indicator of system contamination levels and is the
basis for system Alert and Action Levels. The consistent appearance of elevated planktonic
levels is usually an indication of advanced biofilm development in need of remedial control.
System control and sanitization are key in controlling biofilm formation and the consequent
planktonic population.
Sampling for chemical analyses is also done for in-process control and for quality control
purposes. However, unlike microbial analyses, chemical analyses can be and often are
performed using on-line instrumentation. Such on-line testing has unequivocal in-process
control purposes because it is not performed on the water delivered from the system. However,
unlike microbial attributes, chemical attributes are usually not significantly degraded by hoses.
Therefore, through verification testing, it may be possible to show that the chemical attributes
detected by the on-line instrumentation (in-process testing) are equivalent to those detected
at the ends of the use point hoses (quality control testing). This again creates a single sample
and mixed data use scenario. It is far better to operate the instrumentation in a continuous
mode, generating large volumes of in-process data, but only using a defined small sampling of
that data for QC purposes. Examples of acceptable approaches include using highest values for
a given period, highest time-weighted average for a given period (from fixed or rolling subperiods), or values at a fixed daily time. Each approach has advantages and disadvantages
relative to calculation complexity and reflection of continuous quality, so the user must decide
which approach is most suitable or justifiable.
Change to read:
CHEMICAL CONSIDERATIONS
The chemical attributes of Purified Water and Water for Injection in effect prior to USP 23 were
specified by a series of chemistry tests for various specific and nonspecific attributes with the
intent of detecting chemical species indicative of incomplete or inadequate purification. While
these methods could have been considered barely adequate to control the quality of these
waters, they nevertheless stood the test of time. This was partly because the operation of
water systems was, and still is, based on on-line conductivity measurements and specifications
generally thought to preclude the failure of these archaic chemistry attribute tests.
USP moved away from these chemical attribute tests to contemporary analytical technologies
for the bulk waters Purified Water and Water for Injection. The intent was to upgrade the
analytical technologies without tightening the quality requirements. The two contemporary
analytical technologies employed were TOC and conductivity. The TOC test replaced the test
for Oxidizable substances that primarily targeted organic contaminants. A multistaged
Conductivity test which detects ionic (mostly inorganic) contaminants replaced, with the
exception of the test for Heavy metals, all of the inorganic chemical tests (i.e., Ammonia,
Calcium, Carbon dioxide, Chloride, Sulfate).
Replacing the heavy metals attribute was considered unnecessary because (a) the source
water specifications (found in the NPDWR) for individual Heavy metals were tighter than the
approximate limit of detection of the Heavy metals test for USP XXII Water for Injection and
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Purified Water (approximately 0.1 ppm), (b) contemporary water system construction materials
do not leach heavy metal contaminants, and (c) test results for this attribute have uniformly
been negative—there has not been a confirmed occurrence of a singular test failure (failure of
only the Heavy metals test with all other attributes passing) since the current heavy metal
drinking water standards have been in place. Nevertheless, since the presence of heavy metals
in Purified Water or Water for Injection could have dire consequences, its absence should at
least be documented during new water system commissioning and validation or through prior
test results records.
Total solids and pH were the only tests not covered by conductivity testing. The test for Total
solids was considered redundant because the nonselective tests of conductivity and TOC could
detect most chemical species other than silica, which could remain undetected in its colloidal
form. Colloidal silica in Purified Water and Water for Injection is easily removed by most water
pretreatment steps and even if present in the water, constitutes no medical or functional
hazard except under extreme and rare situations. In such extreme situations, other attribute
extremes are also likely to be detected. It is, however, the user's responsibility to ensure
fitness for use. If silica is a significant component in the source water, and the purification unit
operations could be operated or fail and selectively allow silica to be released into the finished
water (in the absence of co-contaminants detectable by conductivity), then either silicaspecific or a total solids type testing should be utilized to monitor and control this rare problem.
The pH attribute was eventually recognized to be redundant to the conductivity test (which
included pH as an aspect of the test and specification); therefore, pH was dropped as a
separate attribute test.
The rationale used by USP to establish its Purified Water and Water for Injection conductivity
specifications took into consideration the conductivity contributed by the two least conductive
former attributes of Chloride and Ammonia, thereby precluding their failure had those wet
chemistry tests been performed. In essence, the Stage 3 conductivity specifications (see
Water Conductivity 645 , Bulk Water) were established from the sum of the conductivities of
the limit concentrations of chloride ions (from pH 5.0–6.2) and ammonia ions (from pH 6.3–7.0),
plus the unavoidable contribution of other conductivity-contributing ions from water (H+ and
OH–), dissolved atmospheric CO2 (as HCO3 –), and an electro-balancing quantity of either Na+
or Cl–, depending on the pH-induced ionic imbalance (see Table 1). The Stage 2 conductivity
specification is the lowest value on this table, 2.1 µS/cm. The Stage 1 specifications, designed
primarily for on-line measurements, were derived essentially by summing the lowest values in
the contributing ion columns for each of a series of tables similar to Table 1, created for each 5
increment between 0 and 100 . For example purposes, the italicized values in Table 1, the
conductivity data table for 25 , were summed to yield a conservative value of 1.3 µS/cm, the
Stage 1 specification for a nontemperature compensated, nonatmosphere equilibrated water
sample that actually had a measured temperature of 25 –29 . Each 5 increment in the table
was similarly treated to yield the individual values listed in the table of Stage 1 specifications
(see Water Conductivity

645 , Bulk Water).

Table 1. Contributing Ion Conductivities of the Chloride–Ammonia Model as a Function
of pH
(in atmosphere-equilibrated water at 25 )
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Conductivity
(µS/cm)
pH
5.0
5.1
5.2
5.3
5.4
5.5
5.6
5.7
5.8
5.9
6.0
6.1
6.2
6.3
6.4
6.5
6.6
6.7
6.8
6.9
7.0

H+
3.49
2.77
2.20
1.75
1.39
1.10
0.88
0.70
0.55
0.44
0.35
0.28
0.22
0.18
0.14
0.11
0.09
0.07
0.06
0.04
0.03

OH–
0
0
0
0
0
0
0
0
0
0
0
0
0
0
0.01
0.01
0.01
0.01
0.01
0.02
0.02

HCO3–
0.02
0.02
0.03
0.04
0.05
0.06
0.08
0.10
0.12
0.16
0.20
0.25
0.31
0.39
0.49
0.62
0.78
0.99
1.24
1.56
1.97

Cl–
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
1.01
0.63
0.45
0.22
0
0
0
0
0

Na+
0.19
0.29
0.38
0.46
0.52
0.58
0.63
0.68
0.73
0.78
0.84
0.90
0.99
0
0
0
0.04
0.27
0.56
0.93
1.39

NH4+
0
0
0
0
0
0
0
0
0
0
0
0
0
1.22
1.22
1.22
1.22
1.22
1.22
1.22
1.22

Combined
Conductivities
4.71
4.09
3.62
3.26
2.97
2.75
2.60
2.49
2.41
2.39
2.40
2.44
2.53
2.42
2.31
2.18
2.14
2.56
3.09
3.77
4.63

Stage 3
Limit
4.7
4.1
3.6
3.3
3.0
2.8
2.6
2.5
2.4
2.4
2.4
2.4
2.5
2.4
2.3
2.2
2.1
2.6
3.1
3.8
4.6

As stated above, this rather radical change to utilizing a conductivity attribute as well as the
inclusion of a TOC attribute allowed for on-line measurements. This was a major philosophical
change and allowed major savings to be realized by industry. The TOC and conductivity tests
can also be performed “off-line” in the laboratories using collected samples, though sample
collection tends to introduce opportunities for adventitious contamination that can cause false
high readings. The collection of on-line data is not, however, without challenges. The
continuous readings tend to create voluminous amounts of data where before only a single data
point was available. As stated under Sampling Considerations, continuous in-process data is
excellent for understanding how a water system performs during all of its various usage and
maintenance events in real time, but is too much data for QC purposes. Therefore, a justifiable
fraction or averaging of the data can be used that is still representative of the overall water
quality being used.
Packaged/sterile waters present a particular dilemma relative to the attributes of conductivity
and TOC. The package itself is the source of chemicals (inorganics and organics) that leach
over time into the
packaged water and can easily be detected by the conductivity and TOC tests. The irony of
organic leaching from plastic packaging is that before the advent of bulk water TOC testing
when the Oxidizable Substances test was the only “organic purity” test for both bulk and
packaged/sterile water monographs in USP, that test's insensitivity to many of the organic
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leachables from plastic and elastomeric packaging materials was largely unrealized, allowing
organic levels 1S (USP35)
in packaged/sterile water to be quite high (possibly many times the TOC specification for bulk
water). Similarly, glass containers can also leach inorganics, such as sodium, which are easily
detected by conductivity, but poorly detected by the former wet chemistry attribute tests.
Most of these leachables are considered harmless by current perceptions and standards at the
rather significant concentrations present. Nevertheless, they effectively degrade the quality of
the high-purity waters placed into these packaging systems. Some packaging materials contain
more leachables than others and may not be as suitable for holding water and maintaining its
purity.
The attributes of conductivity and TOC tend to reveal more about the packaging leachables
than they do about the water's original purity. These currently “allowed” leachables could
render the
sterile packaged 1S (USP35)
versions of originally equivalent bulk water essentially unsuitable for many uses where the bulk
waters are perfectly adequate.
Therefore, to better control the ionic packaging leachables, Water Conductivity 645 is
divided into two sections. The first is titled Bulk Water, which applies to Purified Water, Water
for Injection, Water for Hemodialysis, and Pure Steam, and includes the three-stage
conductivity testing instructions and specifications. The second is titled Sterile Water, which
applies to Sterile Purified Water, Sterile Water for Injection, Sterile Water for Inhalation, and
Sterile Water for Irrigation. The Sterile Water section includes conductivity specifications
similar to the Stage 2 testing approach because it is intended as a laboratory test, and these
sterile waters were made from bulk water that already complied with the three-stage
conductivity test. In essence, packaging leachables are the primary target “analytes” of the
conductivity specifications in the Sterile Water section of Water Conductivity 645 . The
effect on potential leachables from different container sizes is the rationale for having two
different specifications, one for small packages containing nominal volumes of 10 mL or less and
another for larger packages. These conductivity specifications are harmonized with the
European Pharmacopoeia conductivity specifications for Sterile Water for Injection. All
monographed waters, except Bacteriostatic Water for Injection, have a conductivity
specification that directs the user to either the Bulk Water or the Sterile Water section of
Water Conductivity 645 . For the sterile
packaged 1S (USP35)
water monographs, this water conductivity specification replaces the redundant wet chemistry
limit tests intended for inorganic contaminants that had previously been specified in these
monographs.
Controlling the organic purity of these sterile packaged waters, particularly those in plastic
packaging, is more challenging. Though the TOC test can better detect and therefore be better
used to monitor and control these impurities than the current Oxidizable Substances test, the
latter has many decades-old precedents and flexibility with the variety of packaging types and
volumes applicable to these sterile packaged waters. Nevertheless, TOC testing of these
currently allowed sterile, plastic-packaged waters reveals substantial levels of plastic-derived
organic leachables that render the water perhaps orders of magnitude less organically pure
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than typically achieved with bulk waters. Therefore, usage of these packaged waters for
analytical, manufacturing, and cleaning applications should only be exercised after suitability of
the waters' purity for the application has been assured.
1S (USP35)

There is an analogous partitioning of Total Organic Carbon 643 to better control the
organic packaging leachables. The first part is titled Bulk Water, which applies to the TOC
method for Purified Water, Water for Injection, Water for Hemodialysis, and Pure Steam. The
second part is titled Sterile Water, which applies to the TOC method for Sterile Purified Water,
Sterile Water for Injection, Sterile Water for Inhalation, and Sterile Water for Irrigation. For
these sterile waters, the TOC method is provided as an alternative test to the Oxidizable
Substances test. The TOC limits for the sterile waters are set to higher values than the TOC
limits for bulk waters.
1S (USP36)

MICROBIAL CONSIDERATIONS
The major exogenous source of microbial contamination of bulk pharmaceutical water is source
or feed water. Feed water quality must, at a minimum, meet the quality attributes of Drinking
Water for which the level of coliforms are regulated. A wide variety of other microorganisms,
chiefly Gram-negative bacteria, may be present in the incoming water. These microorganisms
may compromise subsequent purification steps. Examples of other potential exogenous sources
of microbial contamination include unprotected vents, faulty air filters, ruptured rupture disks,
backflow from contaminated outlets, unsanitized distribution system “openings” including
routine component replacements, inspections, repairs, and expansions, inadequate drain and
air-breaks, and replacement activated carbon, deionizer resins, and regenerant chemicals. In
these situations, the exogenous contaminants may not be normal aquatic bacteria but rather
microorganisms of soil or even human origin. The detection of nonaquatic microorganisms may
be an indication of a system component failure, which should trigger investigations that will
remediate their source. Sufficient care should be given to system design and maintenance in
order to minimize microbial contamination from these exogenous sources.
Unit operations can be a major source of endogenous microbial contamination. Microorganisms
present in feed water may adsorb to carbon bed, deionizer resins, filter membranes, and other
unit operation surfaces and initiate the formation of a biofilm. In a high-purity water system,
biofilm is an adaptive response by certain microorganisms to survive in this low nutrient
environment. Downstream colonization can occur when microorganisms are shed from existing
biofilm-colonized surfaces and carried to other areas of the water system. Microorganisms may
also attach to suspended particles such as carbon bed fines or fractured resin particles. When
the microorganisms become planktonic, they serve as a source of contamination to subsequent
purification equipment (compromising its functionality) and to distribution systems.
Another source of endogenous microbial contamination is the distribution system itself.
Microorganisms can colonize pipe surfaces, rough welds, badly aligned flanges, valves, and
unidentified dead legs, where they proliferate, forming a biofilm. The smoothness and
composition of the surface may affect the rate of initial microbial adsorption, but once
adsorbed, biofilm development, unless otherwise inhibited by sanitizing conditions, will occur
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regardless of the surface. Once formed, the biofilm becomes a continuous source of microbial
contamination.
ENDOTOXIN CONSIDERATIONS
Endotoxins are lipopolysaccharides found in and shed from the cell envelope that is external to
the cell wall of Gram-negative bacteria. Gram-negative bacteria that form biofilms can become
a source of endotoxins in pharmaceutical waters. Endotoxins may occur as clusters of
lipopolysaccharide molecules associated with living microorganisms, fragments of dead
microorganisms or the polysaccharide slime surrounding biofilm bacteria, or as free molecules.
The free form of endotoxins may be released from cell surfaces of the bacteria that colonize
the water system, or from the feed water that may enter the water system. Because of the
multiplicity of endotoxin sources in a water system, endotoxin quantitation in a water system is
not a good indicator of the level of biofilm abundance within a water system.
Endotoxin levels may be minimized by controlling the introduction of free endotoxins and
microorganisms in the feed water and minimizing microbial proliferation in the system. This may
be accomplished through the normal exclusion or removal action afforded by various unit
operations within the treatment system as well as through system sanitization. Other control
methods include the use of ultrafilters or charge-modified filters, either in-line or at the point of
use. The presence of endotoxins may be monitored as described in the chapter Bacterial
Endotoxins Test

85 .
MICROBIAL ENUMERATION CONSIDERATIONS

The objective of a water system microbiological monitoring program is to provide sufficient
information to control and assess the microbiological quality of the water produced. Product
quality requirements should dictate water quality specifications. An appropriate level of control
may be maintained by using data trending techniques and, if necessary, limiting specific
contraindicated microorganisms. Consequently, it may not be necessary to detect all of the
microorganisms species present in a given sample. The monitoring program and methodology
should indicate adverse trends and detect microorganisms that are potentially harmful to the
finished product, process, or consumer. Final selection of method variables should be based on
the individual requirements of the system being monitored.
It should be recognized that there is no single method that is capable of detecting all of the
potential microbial contaminants of a water system. The methods used for microbial monitoring
should be capable of isolating the numbers and types of organisms that have been deemed
significant relative to in-process system control and product impact for each individual system.
Several criteria should be considered when selecting a method to monitor the microbial content
of a pharmaceutical water system. These include method sensitivity, range of organisms types
or species recovered, sample processing throughput, incubation period, cost, and
methodological complexity. An alternative consideration to the use of the classical “culture”
approaches is a sophisticated instrumental or rapid test method that may yield more timely
results. However, care must be exercised in selecting such an alternative approach to ensure
that it has both sensitivity and correlation to classical culture approaches, which are generally
considered the accepted standards for microbial enumeration.
Consideration should also be given to the timeliness of microbial enumeration testing after
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sample collection. The number of detectable planktonic bacteria in a sample collected in a
scrupulously clean sample container will usually drop as time passes. The planktonic bacteria
within the sample will tend to either die or to irretrievably adsorb to the container walls
reducing the number of viable planktonic bacteria that can be withdrawn from the sample for
testing. The opposite effect can also occur if the sample container is not scrupulously clean
and contains a low concentration of some microbial nutrient that could promote microbial
growth within the sample container. Because the number of recoverable bacteria in a sample
can change positively or negatively over time after sample collection, it is best to test the
samples as soon as possible after being collected. If it is not possible to test the sample within
about 2 h of collection, the sample should be held at refrigerated temperatures (2 –8 ) for a
maximum of about 12 h to maintain the microbial attributes until analysis. In situations where
even this is not possible (such as when using off-site contract laboratories), testing of these
refrigerated samples should be performed within 48 h after sample collection. In the delayed
testing scenario, the recovered microbial levels may not be the same as would have been
recovered had the testing been performed shortly after sample collection. Therefore, studies
should be performed to determine the existence and acceptability of potential microbial
enumeration aberrations caused by protracted testing delays.
The Classical Culture Approach
Classical culture approaches for microbial testing of water include but are not limited to pour
plates, spread plates, membrane filtration, and most probable number (MPN) tests. These
methods are generally easy to perform, are less expensive, and provide excellent sample
processing throughput. Method sensitivity can be increased via the use of larger sample sizes.
This strategy is used in the membrane filtration method. Culture approaches are further defined
by the type of medium used in combination with the incubation temperature and duration. This
combination should be selected according to the monitoring needs presented by a specific
water system as well as its ability to recover the microorganisms of interest: those that could
have a detrimental effect on the product or process uses as well as those that reflect the
microbial control status of the system.
There are two basic forms of media available for traditional microbiological analysis: “high
nutrient” and “low nutrient”. High-nutrient media such as plate count agar (TGYA) and m-HPC
agar (formerly m-SPC agar), are intended as general media for the isolation and enumeration of
heterotrophic or “copiotrophic” bacteria. Low-nutrient media such as R2A agar and NWRI agar
(HPCA), may be beneficial for isolating slow growing “oligotrophic” bacteria and bacteria that
require lower levels of nutrients to grow optimally. Often some facultative oligotrophic bacteria
are able to grow on high nutrient media and some facultative copiotrophic bacteria are able to
grow on low-nutrient media, but this overlap is not complete. Low-nutrient and high-nutrient
cultural approaches may be concurrently used, especially during the validation of a water
system, as well as periodically thereafter. This concurrent testing could determine if any
additional numbers or types of bacteria can be preferentially recovered by one of the
approaches. If so, the impact of these additional isolates on system control and the end uses
of the water could be assessed. Also, the efficacy of system controls and sanitization on these
additional isolates could be assessed.
Duration and temperature of incubation are also critical aspects of a microbiological test
method. Classical methodologies using high nutrient media are typically incubated at 30 –35
for 48–72 h. Because of the flora in certain water systems, incubation at lower temperatures
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(e.g., 20 –25 ) for longer periods (e.g., 5–7 days) can recover higher microbial counts when
compared to classical methods. Low-nutrient media are designed for these lower temperature
and longer incubation conditions (sometimes as long as 14 days to maximize recovery of very
slow growing oligotrophs or sanitant injured microorganisms), but even high-nutrient media can
sometimes increase their recovery with these longer and cooler incubation conditions. Whether
or not a particular system needs to be monitored using high- or low-nutrient media with higher
or lower incubation temperatures or shorter or longer incubation times should be determined
during or prior to system validation and periodically reassessed as the microbial flora of a new
water system gradually establish a steady state relative to its routine maintenance and
sanitization procedures. The establishment of a “steady state” can take months or even years
and can be perturbed by a change in use patterns, a change in routine and preventative
maintenance or sanitization procedures, and frequencies, or any type of system intrusion, such
as for component replacement, removal, or addition. The decision to use longer incubation
periods should be made after balancing the need for timely information and the type of
corrective actions required when an alert or action level is exceeded with the ability to recover
the microorganisms of interest.
The advantages gained by incubating for longer times, namely recovery of injured
microorganisms, slow growers, or more fastidious microorganisms, should be balanced against
the need to have a timely investigation and to take corrective action, as well as the ability of
these microorganisms to detrimentally affect products or processes. In no case, however,
should incubation at 30 –35 be less than 48 h or less than 96 h at 20 –25 .
Normally, the microorganisms that can thrive in extreme environments are best cultivated in the
laboratory using conditions simulating the extreme environments from which they were taken.
Therefore, thermophilic bacteria might be able to exist in the extreme environment of hot
pharmaceutical water systems, and if so, could only be recovered and cultivated in the
laboratory if similar thermal conditions were provided. Thermophilic aquatic microorganisms do
exist in nature, but they typically derive their energy for growth from harnessing the energy
from sunlight, from oxidation/reduction reactions of elements such as sulfur or iron, or indirectly
from other microorganisms that do derive their energy from these processes. Such
chemical/nutritional conditions do not exist in high purity water systems, whether ambient or
hot. Therefore, it is generally considered pointless to search for thermophiles from hot
pharmaceutical water systems owing to their inability to grow there.
The microorganisms that inhabit hot systems tend to be found in much cooler locations within
these systems, for example, within use-point heat exchangers or transfer hoses. If this occurs,
the kinds of microorganisms recovered are usually of the same types that might be expected
from ambient water systems. Therefore, the mesophilic microbial cultivation conditions
described later in this chapter are usually adequate for their recovery.
“Instrumental” Approaches
Examples of instrumental approaches include microscopic visual counting techniques (e.g.,
epifluorescence and immunofluorescence) and similar automated laser scanning approaches and
radiometric, impedometric, and biochemically based methodologies. These methods all possess a
variety of advantages and disadvantages. Advantages could be their precision and accuracy or
their speed of test result availability as compared to the classical cultural approach. In general,
instrument approaches often have a shorter lead time for obtaining results, which could
facilitate timely system control. This advantage, however, is often counterbalanced by limited
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sample processing throughput due to extended sample collection time, costly and/or laborintensive sample processing, or other instrument and sensitivity limitations.
Furthermore, instrumental approaches are typically destructive, precluding subsequent isolate
manipulation for characterization purposes. Generally, some form of microbial isolate
characterization, if not full identification, may be a required element of water system
monitoring. Consequently, culturing approaches have traditionally been preferred over
instrumental approaches because they offer a balance of desirable test attributes and posttest capabilities.
Suggested Methodologies
The following general methods were originally derived from Standard Methods for the
Examination of Water and Wastewater, 17th Edition, American Public Health Association,
Washington, DC 20005. Even though this publication has undergone several revisions since its
first citation in this chapter, the methods are still considered appropriate for establishing trends
in the number of colony-forming units observed in the routine microbiological monitoring of
pharmaceutical waters. It is recognized, however, that other combinations of media and
incubation time and temperature may occasionally or even consistently result in higher numbers
of colony-forming units being observed and/or different species being recovered.
The extended incubation periods that are usually required by some of the alternative methods
available offer disadvantages that may outweigh the advantages of the higher counts that may
be obtained. The somewhat higher baseline counts that might be observed using alternate
cultural conditions would not necessarily have greater utility in detecting an excursion or a
trend. In addition, some alternate cultural conditions using low-nutrient media tend to lead to
the development of microbial colonies that are much less differentiated in colonial appearance,
an attribute that microbiologists rely on when selecting representative microbial types for
further characterization. It is also ironical that the nature of some of the slow growers and the
extended incubation times needed for their development into visible colonies may also lead to
those colonies being largely nonviable, which limits their further characterization and precludes
their subculture and identification.
Methodologies that can be suggested as generally satisfactory for monitoring pharmaceutical
water systems are as follows. However, it must be noted that these are not referee methods
nor are they necessarily optimal for recovering microorganisms from all water systems. The
users should determine through experimentation with various approaches which methodologies
are best for monitoring their water systems for in-process control and quality control purposes
as well as for recovering any contraindicated species they may have specified.
Pour Plate Method or
Drinking Water
Membrane Filtration Methoda
Sample volume—1.0 mL minimumb
Growth medium—Plate Count Agarc
Incubation time—48–72 h minimum
Incubation temperature—30 –35
Pour Plate Method or
Purified Water
Membrane Filtration Methoda
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Sample volume—1.0 mL minimumb
Growth medium—Plate Count Agarc
Incubation time—48–72 h minimum
Incubation temperature—30 –35
Membrane Filtration Methoda
Sample volume—100 mL minimumb
Growth medium—Plate Count Agarc
Incubation time—48–72 h minimum
Incubation temperature—30 –35

a A membrane filter with a rating of 0.45 µm is generally considered preferable even though
the cellular width of some of the bacteria in the sample may be narrower than this. The
efficiency of the filtration process still allows the retention of a very high percentage of these
smaller cells and is adequate for this application. Filters with smaller ratings may be used if
desired, but for a variety of reasons the ability of the retained cells to develop into visible
colonies may be compromised, so count accuracy must be verified by a reference approach.
b When colony counts are low to undetectable using the indicated minimum sample volume, it
is generally recognized that a larger sample volume should be tested in order to gain better
assurance that the resulting colony count is more statistically representative. The sample
volume to consider testing is dependent on the user's need to know (which is related to the
established alert and action levels and the water system's microbial control capabilities) and
the statistical reliability of the resulting colony count. In order to test a larger sample volume,
it may be necessary to change testing techniques, e.g., changing from a pour plate to a
membrane filtration approach. Nevertheless, in a very low to nil count scenario, a maximum
sample volume of around 250–300 mL is usually considered a reasonable balance of sample
collecting and processing ease and increased statistical reliability. However, when sample
volumes larger than about 2 mL are needed, they can only be processed using the membrane
filtration method.
c Also known as Standard Methods Agar, Standard Methods Plate Count Agar, or TGYA, this
medium contains tryptone (pancreatic digest of casein), glucose, and yeast extract.
IDENTIFICATION OF MICROORGANISMS
Identifying the isolates recovered from water monitoring methods may be important in instances
where specific waterborne microorganisms may be detrimental to the products or processes in
which the water is used. Microorganism information such as this may also be useful when
identifying the source of microbial contamination in a product or process. Often a limited group
of microorganisms is routinely recovered from a water system. After repeated recovery and
characterization, an experienced microbiologist may become proficient at their identification
based on only a few recognizable traits such as colonial morphology and staining
characteristics. This may allow for a reduction in the number of identifications to representative
colony types, or, with proper analyst qualification, may even allow testing short cuts to be
taken for these microbial identifications.
ALERT AND ACTION LEVELS AND SPECIFICATIONS
Though the use of alert and action levels is most often associated with microbial data, they
can be associated with any attribute. In pharmaceutical water systems, almost every quality
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attribute, other than microbial quality, can be very rapidly determined with near-real time
results. These short-delay data can give immediate system performance feedback, serving as
ongoing process control indicators. However, because some attributes may not continuously be
monitored or have a long delay in data availability (like microbial monitoring data), properly
established Alert and Action Levels can serve as an early warning or indication of a potentially
approaching quality shift occurring between or at the next periodic monitoring. In a validated
water system, process controls should yield relatively constant and more than adequate values
for these monitored attributes such that their Alert and Action Levels are infrequently
broached.
As process control indicators, alert and action levels are designed to allow remedial action to
occur that will prevent a system from deviating completely out of control and producing water
unfit for its intended use. This “intended use” minimum quality is sometimes referred to as a
“specification” or “limit”. In the opening paragraphs of this chapter, rationale was presented for
no microbial specifications being included within the body of the bulk water (Purified Water and
Water for Injection) monographs. This does not mean that the user should not have microbial
specifications for these waters. To the contrary, in most situations such specifications should
be established by the user. The microbial specification should reflect the maximum microbial
level at which the water is still fit for use without compromising the quality needs of the
process or product where the water is used. Because water from a given system may have
many uses, the most stringent of these uses should be used to establish this specification.
Where appropriate, a microbial specification could be qualitative as well as quantitative. In
other words, the number of total microorganisms may be as important as the number of a
specific microorganism or even the absence of a specific microorganism. Microorganisms that
are known to be problematic could include opportunistic or overt pathogens, nonpathogenic
indicators of potentially undetected pathogens, or microorganisms known to compromise a
process or product, such as by being resistant to a preservative or able to proliferate in or
degrade a product. These microorganisms comprise an often ill-defined group referred to as
“objectionable microorganisms”. Because objectionable is a term relative to the water's use, the
list of microorganisms in such a group should be tailored to those species with the potential to
be present and problematic. Their negative impact is most often demonstrated when they are
present in high numbers, but depending on the species, an allowable level may exist, below
which they may not be considered objectionable.
As stated above, alert and action levels for a given process control attribute are used to help
maintain system control and avoid exceeding the pass/fail specification for that attribute. Alert
and action levels may be both quantitative and qualitative. They may involve levels of total
microbial counts or recoveries of specific microorganisms. Alert levels are events or levels that,
when they occur or are exceeded, indicate that a process may have drifted from its normal
operating condition. Alert level excursions constitute a warning and do not necessarily require a
corrective action. However, alert level excursions usually lead to the alerting of personnel
involved in water system operation as well as QA. Alert level excursions may also lead to
additional monitoring with more intense scrutiny of resulting and neighboring data as well as
other process indicators. Action levels are events or higher levels that, when they occur or are
exceeded, indicate that a process is probably drifting from its normal operating range. Examples
of kinds of action level “events” include exceeding alert levels repeatedly; or in multiple
simultaneous locations, a single occurrence of exceeding a higher microbial level; or the
individual or repeated recovery of specific objectionable microorganisms. Exceeding an action
level should lead to immediate notification of both QA and personnel involved in water system
operations so that corrective actions can immediately be taken to bring the process back into
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its normal operating range. Such remedial actions should also include efforts to understand and
eliminate or at least reduce the incidence of a future occurrence. A root cause investigation
may be necessary to devise an effective preventative action strategy. Depending on the
nature of the action level excursion, it may also be necessary to evaluate its impact on the
water uses during that time. Impact evaluations may include delineation of affected batches
and additional or more extensive product testing. It may also involve experimental product
challenges.
Alert and action levels should be derived from an evaluation of historic monitoring data called a
trend analysis. Other guidelines on approaches that may be used, ranging from “inspectional” to
statistical evaluation of the historical data have been published. The ultimate goal is to
understand the normal variability of the data during what is considered a typical operational
period. Then, trigger points or levels can be established that will signal when future data may
be approaching (alert level) or exceeding (action level) the boundaries of that “normal
variability”. Such alert and action levels are based on the control capability of the system as it
was being maintained and controlled during that historic period of typical control.
In new water systems where there is very limited or no historic data from which to derive data
trends, it is common to simply establish initial alert and action levels based on a combination of
equipment design capabilities but below the process and product specifications where water is
used. It is also common, especially for ambient water systems, to microbiologically “mature”
over the first year of use. By the end of this period, a relatively steady state microbial
population (microorganism types and levels) will have been allowed or promoted to develop as a
result of the collective effects of routine system maintenance and operation, including the
frequency of unit operation rebeddings, backwashings, regenerations, and sanitizations. This
microbial population will typically be higher than was seen when the water system was new, so
it should be expected that the data trends (and the resulting alert and action levels) will
increase over this “maturation” period and eventually level off.
A water system should be designed so that performance-based alert and action levels are well
below water specifications. With poorly designed or maintained water systems, the system
owner may find that initial new system microbial levels were acceptable for the water uses and
specifications, but the mature levels are not. This is a serious situation, which if not
correctable with more frequent system maintenance and sanitization, may require expensive
water system renovation or even replacement. Therefore, it cannot be overemphasized that
water systems should be designed for ease of microbial control, so that when monitored against
alert and action levels, and maintained accordingly, the water continuously meets all applicable
specifications.
An action level should not be established at a level equivalent to the specification. This leaves
no room for remedial system maintenance that could avoid a specification excursion. Exceeding
a specification is a far more serious event than an action level excursion. A specification
excursion may trigger an extensive finished product impact investigation, substantial remedial
actions within the water system that may include a complete shutdown, and possibly even
product rejection.
Another scenario to be avoided is the establishment of an arbitrarily high and usually
nonperformance based action level. Such unrealistic action levels deprive users of meaningful
indicator values that could trigger remedial system maintenance. Unrealistically high action
levels allow systems to grow well out of control before action is taken, when their intent should
be to catch a system imbalance before it goes wildly out of control.
Because alert and action levels should be based on actual system performance, and the system
performance data are generated by a given test method, it follows that those alert and action
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levels should be valid only for test results generated by the same test method. It is invalid to
apply alert and action level criteria to test results generated by a different test method. The
two test methods may not equivalently recover microorganisms from the same water samples.
Similarly invalid is the use of trend data to derive alert and action levels for one water system,
but applying those alert and action levels to a different water system. Alert and action levels
are water system and test method specific.
Nevertheless, there are certain maximum microbial levels above which action levels should
never be established. Water systems with these levels should unarguably be considered out of
control. Using the microbial enumeration methodologies suggested above, generally considered
maximum action levels are 100 cfu/mL for Purified Water and 10 cfu/100 mL for Water for
Injection. However, if a given water system controls microorganisms much more tightly than
these levels, appropriate alert and action levels should be established from these tighter control
levels so that they can truly indicate when water systems may be starting to trend out of
control. These in-process microbial control parameters should be established well below the
user-defined microbial specifications that delineate the water's fitness for use.
Special consideration is needed for establishing maximum microbial action levels for Drinking
Water because the water is often delivered to the facility in a condition over which the user
has little control. High microbial levels in Drinking Water may be indicative of a municipal water
system upset, broken water main, or inadequate disinfection, and therefore, potential
contamination with objectionable microorganisms. Using the suggested microbial enumeration
methodology, a reasonable maximum action level for Drinking Water is 500 cfu/mL. Considering
the potential concern for objectionable microorganisms raised by such high microbial levels in
the feedwater, informing the municipality of the problem so they may begin corrective actions
should be an immediate first step. In-house remedial actions may or may not also be needed,
but could include performing additional coliform testing on the incoming water and pretreating
the water with either additional chlorination or UV light irradiation or filtration or a combination
of approaches.
BRIEFING
1724 Semisolid Drug Products—Performance Tests, PF 37(5) [Sept.–Oct. 2011]. On
the basis of comments received, it is proposed to revise this general information chapter.
(DP: M. Marques.)
Correspondence Number—C114444

Comment deadline: July 31, 2012
Add the following:
1724

SEMISOLID DRUG PRODUCTS—PERFORMANCE TESTS
SCOPE

The scope of this general chapter is to provide general information for performance testing of
semisolid drug products, various types of equipment employed for such testing, and potential
applications of the performance testing.
PURPOSE
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This chapter provides general information about performance testing of semisolid drug products,
the theory and applications of such testing, information about the availability of appropriate
equipment, and likely developments in performance testing of semisolid drug products. General
chapter Topical and Transdermal Drug Products—Product Quality Tests 3 provides
information related to product quality tests for topical and transdermal dosage forms, Drug
Release

724

provides procedures and details for testing drug release from transdermal

systems, and this chapter
semisolid dosage forms.

1724

provides procedures for determining drug release from

INTRODUCTION
This chapter provides general information for in vitro testing of semisolid drug products.
Semisolid dosage forms include creams, ointments, gels, and lotions. Semisolid dosage forms
may be considered extended-release preparations, and their drug release depends largely on
the formulation and manufacturing process. The release rate of a given product from different
manufacturers is likely to be different.
DRUG PRODUCT QUALITY AND PERFORMANCE TESTS
A USP drug product monograph contains tests, analytical procedures, and acceptance criteria.
Drug product tests are divided into two categories: (1) those that assess general quality
attributes, and (2) those that assess product performance, e.g., in vitro release of the drug
substance from the drug product. Quality tests assess the integrity of the dosage form, but
performance tests, such as drug release, assess attributes that relate to in vivo drug
performance. Taken together, quality and performance tests are intended to ensure the
identity, strength, quality, purity, comparability, and performance of semisolid drug products.
Details of drug product quality tests for semisolid drug products can be found in chapter 3 .
Product performance tests for semisolid drug products are conducted to assess drug release
from manufactured pharmaceutical dosage forms. In vitro performance tests for semisolid
products do not, however, directly predict the in vivo performance of drugs, as the primary
factor that impacts bioavailability and clinical performance are the barrier properties of the
epithelia to which the product is applied (epidermal or mucosal tissues). Although product
performance tests do not directly measure bioavailability and relative bioavailability
(bioequivalence), they can detect in vitro changes that may correspond to altered in vivo
performance of the dosage form. These changes may arise from changes in physicochemical
characteristics of the drug substance and/or excipients or to the formulation itself, changes in
the manufacturing process, shipping and storage effects, aging effects, and other formulation
and/or process factors.
At present, a product performance test is available to evaluate in vitro drug release for creams,
ointments, lotions, and gels. Several available apparatus can be used for this evaluation,
including the vertical diffusion cell, immersion cell, and a special cell used with USP Apparatus
4. Because of the significant impact of in vitro test parameters, such as release media, porous
membrane and dosing, and the interaction of these parameters with a given drug product, the
primary use of in vitro drug release testing is comparison testing in which any difference in
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delivery rate is undesirable. Drug release testing is most suitable for evaluation of small
formulation and process changes, manufacturing site changes, and stability testing. The
evaluation or comparison of large formulation changes may provide unmeaningful results, unless
extensive validation is performed to select test parameters that ensure that the sensitivity of
the test is meaningfully correlated with in vivo performance. The only required regulatory use of
the in vitro release test is to determine the acceptability of minor process and/or formulation
changes in approved semisolid dosage forms (see FDA Guidance for Industry—Nonsterile
Semisolid Dosage Forms—Scale-Up and Postapproval Changes: Chemistry, Manufacturing, and
Controls; In Vitro Release Testing and In Vivo Bioequivalence Documentation; available at
http://www.fda.gov/downloads/Drugs/GuidanceComplianceRegulatoryInformation/Guidances/UCM070930.pdf)
This chapter provides general information for testing in vitro performance of semisolid drug
products.
IN VITRO PERFORMANCE TESTS
Theory
The diffusion cell is a reliable and reproducible means of measuring drug release from semisolid
dosage forms. A thick layer of the semisolid product under evaluation is placed in contact with
a medium in a reservoir, and the latter acts as a receptor when the drug substance diffuses
through the formulation, across the membrane, and into the reservoir. Diffusion occurs across
an inert, highly permeable support membrane. The membrane is intended to keep the product
and the receptor medium separate and distinct. Membranes should offer the least possible
diffusional resistance and should not be rate controlling. Samples are withdrawn from the
receptor chamber, typically at 1-h intervals over a 4–6 h period.
After a short lag period, release of drug from the semisolid dosage form is kinetically described
by diffusion of a chemical out of a semi-infinite medium into a sink. The momentary release rate
tracks the depth of penetration of the forming gradient within the semisolid. Beginning at the
moment when the receding boundary layer's diffusional resistance assumes dominance of the
kinetics of release, the amount of the drug released, m, becomes proportional to t (where t =
time) for solution, suspension, or emulsion semisolid system alike. The momentary rate of drug
release, dm/dt, becomes proportional to 1/ t, which reflects the slowing of drug release with
the passage of time. The reservoir is kept large so that over the entire course of the
experiment, the concentration of the drug released into a medium remains highly dilute relative
to the concentration of drug dissolved in the semisolid. In these circumstances, drug release is
said to take place into a diffusional sink.
When a drug is totally in solution in the dosage form, the amount of drug released as a function
of time can be described by Equation 1:

where m is the amount of drug released into the sink per cm2, C0 is the drug concentration in
the releasing matrix, and D is the drug diffusion coefficient through the matrix.
A plot of m versus

t will be linear with a slope of:
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Equation 2 describes drug release when the drug is in the form of a suspension in the dosage
form:

where Dm is the drug diffusion coefficient in the semisolid matrix, CS is the drug solubility in the
releasing matrix, and Q is the total amount of the drug in solution and suspended in the matrix.
When Q >> CS, Equation 2 simplifies to Equation 3:

A plot of m versus

t will be linear with a slope of:

Coarse particles may dissolve so slowly that the moving boundary layer recedes to some extent
behind the particles. That situation introduces noticeable curvature in the t plot because of a
particle size effect.
During release rate experiments, resonable attempts should be made to keep the composition of
the formulation intact over the releasing period.
Drug Release Rate Determination Using Vertical Diffusion Cell Apparatus
Many vertical diffusion cell (VDC) systems are composed of 6-cell units. Each VDC cell assembly
consists of two chambers (a donor chamber and a receptor chamber) separated by a membrane
and held together by a clamp, screw top, or other means (see Figure 1—Model A, Figure 2—
Model B, and Figure 3—Model C). Other diffusion cells that are similar in general design also can
be used. In the donor chamber, the semisolid dosage form sample sits on a synthetic, inert,
highly permeable support membrane. For the VDC Model A, the sample sits on the support
membrane within the cavity of the sample chamber covered with a glass disk.
Typically, amounts of the semisolid sample NLT 200 mg are used. Diffusive communication
between the semisolid sample and the reservoir takes place through the support membrane.
The membrane is intended to keep the drug product sample and receptor medium separate and
distinct. A heating jacket or a suitable device should be used to maintain the temperature
within the cell. The release rate experiment is carried out at 32 ± 1 , except in the case of
vaginal drug products for which the temperature should be 37 ± 1 . Usually a set of six cell
assemblies are operated together at one time (i.e., single run). Sampling generally is performed
over a 4–6 h time period, and the volume withdrawn is replaced with stock receptor medium. To
achieve sink condition, the receptor medium must have a high capacity to dissolve the drug,
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and the drug concentration in the receptor medium at the end of the test ideally should be as
low as possible. For each cell, the amount of drug released (µg/cm2) at each sampling time (t 1,
t 2, etc.) is determined, and the cumulative amount released plotted versus t. The slope of
the resulting line is a measure of the rate of drug release. The test is often conducted with a
group of 6 or 12 cells per test run. The average of 6 slopes for each test and reference
product is a measure of the drug release rate from the dosage form.

Figure 1. Vertical diffusion cell–Model A (All dimensions are in mm. All diameters are ±0.5 mm. All
lengths are ±2 mm).

Figure 2. Vertical diffusion cell–Model B (All dimensions are in mm. All diameters are ±0.5 mm. All
lengths are ±2 mm).

Figure 3. Vertical diffusion cell–Model C (All dimensions are in mm. All diameters are ±0.5 mm. All
lengths are ±2 mm).
The VDC body (i.e., donor and receptor chambers) usually is made from borosilicate glass,
although different materials may be used to manufacture the body and other parts of the VDC
assembly. It is recommended that the cell assembly materials should not significantly react
with, adsorb to, or absorb the test product or samples. The semisolid dosage form is placed on
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a membrane within the cavity of the dosage chamber that can be occluded. The diameters of
the orifices of the donor chamber and receptor chamber, which define the dosage delivery
surface area for the test, should be sized within ±5% of the specified diameter. The diameter
of the donor and receptor chamber orifices may vary depending on the application. The
receptor chamber orifice should never be smaller than the orifice of the donor chamber but
should be fabricated to the same size as the donor chamber orifice. The design of the VDC
should facilitate proper alignment of the donor chamber and the receptor orifice. The receptor
chamber should be manufactured consistently with uniform height and geometry. All the cells
should have the same nominal value, and the true volume should be measured for each
individual cell. Care should be taken to minimize the intercell volume variability.
For the test, the VDC units are typically positioned in a stirrer rack (not depicted) that holds
multiple VDC units (e.g., in sets of 6) in the correct orientation, providing magnetic stirring at a
calibrated rate and facilitating the supply of circulating heated water flow to the water jacket
of the VDC. The VDC rack is typically connected to a thermostatically controlled water bath
recirculator.
The water from the circulating pump flows into the VDC heating jacket from the lower port and
flows out from the upper port to facilitate the removal of any air bubbles formed in the heating
jacket. A magnetic nonstick (Teflon-coated) stirring bar in the receptor chamber is used as the
internal stirring mechanism. Aliquots of the receptor medium are drawn via the sampling arm at
intervals throughout the test, and an equivalent volume of stock receptor medium replaced to
the level of the calibration mark on the sampling arm.
MODEL A
The thickness of the sample chamber normally is 1.5 mm. This thickness should be sized within
±10% of the specified thickness. The glass support disk is used to occlude the semisolid dosage
form. A receptor cell mixer and stirrer magnet are used as the internal stirring mechanism.
MODELS B AND C
Classic styles of VDC are depicted in Figure 2 and Figure 3 and illustrate minor design variations
among qualified models.
Test Procedures: General
Before initiating testing, analysts should determine the volume of each VDC with the internal
stirring device in place. During the entire test, the temperature of the receptor medium should
be maintained at 32 ± 1 , or 37 ± 1 for vaginal preparations. The rotational stirring rate
tolerance should be ±10% of the rate in the method (normally 600 rpm). The rate of stirring
should ensure adequate mixing of the receptor medium during the test period. Samples from
each cell should be obtained at the specified times in the method within a tolerance of ±2 min.
Unless the method specifies otherwise, the qualification of the apparatus has been verified
when analysts determine that the test temperature and stirring rate are within their specified
requirements and a satisfactory performance verification test (i.e., drug release rate) results.
Unless otherwise specified in the method, degas the medium using an appropriate technique.
Determine the amount of drug in the receptor medium sample aliquots using a validated
analytical procedure.
The following sections provide instructions for proper use of Models A, B, and C.
TEST PROCEDURES: MODEL A
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With the stirring mechanism in place, fill the receptor chamber with the specified medium with
the stirrers rotating and a positive meniscus covering the top of each cell. Allow time for the
medium to equilibrate to the specified temperature. Stop the stirrer before placing the test
sample on the cell. If necessary, saturate the membrane in the specified medium (generally the
receptor medium) for 30 min. Place the membrane on the donor chamber, and invert. Apply the
material to be tested into the cavity of the sample chamber, spreading the semisolid out to fill
the entire cavity of the sample chamber. Place the filled sample chamber on the receptor
chamber with the membrane down and in contact with the receptor medium. During this
procedure it is important to ensure that there are no bubbles beneath the membrane. Then
assemble the complete cell. When the assembly of all donor and receptor chambers and
remaining cell components (i.e., disk, alignment ring, and clamp) have been completed, turn on
the stirring device, which constitutes the start of the test or time zero. Sampling is generally
performed over a 4–6 h time period. Follow the specified sampling procedure, and collect an
aliquot from each cell receptor chamber for analysis. With the stirrer stopped and using a
syringe, replace the withdrawn volume with stock receptor medium warmed to the specific
temperature, and resume stirring. During the sampling and medium replenishment process(es),
ensure that bubbles are not introduced into the cell.
TEST PROCEDURES: MODELS B AND C
A nonstick (Teflon-coated) stir bar is placed within the receptor chamber of the VDC. The
membrane specified in the test method is clamped atop the O-ring, if present, between the
aligned donor and receptor chambers of the VDC. The exposed periphery of the joint between
the donor and receptor compartments is sealed (e.g., circumscribed by stretched paraffin wax
film).
The receptor chamber is filled with receptor medium via the sampling arm, unless it is already
filled before the membrane is mounted. The VDC assembly is tilted in multiple orientations and
inspected to ensure that any air bubbles trapped beneath the membrane, or within the receptor
chamber, can escape via the sampling arm port. The volume of receptor medium is adjusted to
the calibrated level marked on the sampling arm port. The membrane is allowed to equilibrate
with the receptor medium, in situ, for at least 30 min prior to the application of the dosage
form, or may be pre-incubated with a wetting solution (typically the receptor medium), as
specified in the test method.
The VDC units are positioned in a stirrer rack. It is recommended that about 10–20 cm of slack
should be available in the tubing connecting the ports of the VDC water jacket to the VDC rack
to facilitate subsequent manipulation of the VDC during the test. The temperature set point of
the water bath is adjusted before dosing so that the membrane is at the correct temperature.
This can be verified by measuring the membrane temperature before dosing, using a calibrated
infrared thermometer.
The stirring is initiated and can be maintained continuously throughout the test. The dosage
form is evenly dispensed directly onto the membrane surface. The amount of sample
recommended is NLT approximately 1.0 mL/cm2 or 1.0 g/cm2 to ensure a pseudo-infinite dose
condition. Spreading of the sample typically starts at the outer edge and proceeds in an inward
spiral pattern to assure full coverage of the edges of the dose area without air gaps. The
placement of the sample constitutes the start of the test or time zero. The donor chamber is
subsequently sealed with an occlusive film to prevent loss of any volatile components of the
test formulation. The underside of the membrane is checked for air bubbles and, if any are
seen, they are eliminated by tilting the apparatus in a manner that allows the air bubbles to
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escape. The receptor volume is confirmed at the calibrated volume mark and adjusted as
necessary.
Before sample collections, typically every hour over the 4–6 h period following the introduction
of the sample, the volume in the sampling arm is confirmed approximately 10 min before
sampling and is adjusted to the calibration mark on the sampling arm as necessary. At
predetermined intervals after starting the test, typically hourly for 6 hours, analysts collect
aliquots of the receptor medium (e.g., 150 µL) via the sampling arm, drawing from the wellmixed center of the receptor chamber. The VDC assembly is inspected for air bubbles, which
are eliminated as necessary. Receptor medium is replaced to bring the receptor volume back to
the level indicated on the sampling arm of the VDC.
Drug Release Rate Determination Using Immersion Cell Apparatus
The cell consists of the following components (see Figure 4 and Figure 5 for Model A, and
Figure 6 and Figure 7 for Model B): a retaining or lock ring that secures the membrane to the
cell body and ensures full contact with the sample; a washer that provides a leakproof seal
between membrane, retaining ring, and cell body; the membrane (usually a synthetic
membrane) that should retain the sample in the sample compartment; and the cell body that
provides a variable depth reservoir for the sample. Model A also has an adjustment plate that
allows operators to vary the volume of the reservoir within the cell body. The plate can be
placed at the appropriate height for each test and can be completely removed to facilitate
cleaning. An O-ring paired with the adjustment plate prevents leakage.

Figure 4. Immersion cell–Model A–Cell components.
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Figure 5. Immersion cell–Model A assembled in a mini vessel.

Figure 6. Immersion cell–Model B–Cell components.
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Figure 7. Immersion cell–Model B assembled in a vessel.
The immersion cell can be used with USP Apparatus 2 (see general chapter Dissolution 711 )
with vessel volumes that vary from 100 mL up to 4 L, but the 150- or 200-mL vessels are the
most commonly used. A flat bottomed variation of the 150- or 200-mL vessel can be used to
avoid the issue of dead space under the cell when it is used in a rounded-botton vessel. If
analysts are going to use a 150- or 200-mL vessel with USP Apparatus 2, then the appropriate
modifications must be made, including holders for the small-volume vessels and replacement of
the standard paddle with the appropriate paddle. It also may require repositioning of any
automated sampling device and/or manifold. The water bath or vessel heater should be set to
have the medium temperature at 32.0 ± 0.5 or 37.0 ± 0.5
Before loading the cells and placing the medium in the vessel, set the paddle height, which is
1.0 ± 0.2 cm above the surface of the membrane. All other operational parameters, such as
level, vibration, wobble, etc., should be set at the same conditions defined for USP Apparatus
2. The small-volume condition is qualified by first using the standard Apparatus 2 setup and
Performance Verification Test, Apparatus 1 and 2 (see Dissolution 711 ).
Cut the membrane to an appropriate size. If necessary, soak the membrane in the receptor
medium for at least 30 min before loading. If the membrane is thick, a longer soaking time
period may be necessary. Prepare the immersion cell components as specified by the device
manufacturer.
Fill the reservoir dosage area with the sample under test. Ensure that the reservoir is filled to
the top in order to minimize the possibility of air bubble formation between the surface of the
sample and the membrane. A uniform surface can be obtained with the aid of a spatula. The
typical quantity of sample is between 300 mg and 2 g, depending on the type of immersion cell
used. An excess of sample is needed to obtain a steady state drug release rate. Using forceps
or tweezers, remove the membrane from the soaking medium and place it over the top of the
sample compartment. Ensure that the membrane is free of wrinkles. Assemble the immersion cell
components as specified by the device manufacturer. Carefully place the completed assembly
into the bottom of the dissolution vessel with the membrane facing up. The appropriate
preheated medium may be preloaded in the vessel or can be added after immersion of the
immersion cell to start the test. Samples from at least 5 time points should be obtained in the
steady-state (linear) portion of the drug release profile. The data points are cumulative and
expressed as concentration per surface area, typically per cm2, as a function of the square
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root of time. Sampling is generally performed over a 4–6 h time period. The slope of the line is
the in vitro release rate of drug from the product. At the end of the test period, dismantle the
cell and examine the contents for anything unusual that could explain any anomalous data
(e.g., leaks, bubbles, etc.).
QUALIFICATION
USP Apparatus 2 should be qualified according to the procedure described in Dissolution
.

711

Drug Release Determination Using USP Apparatus 4 (Flow-Through Cell)
The adapter for semisolid dosage forms (see Figure 8) is used with the 22.6-mm cell of USP
Apparatus 4 described in Dissolution 711 . The adapter consists of a reservoir and a ring to
hold the membrane. The reservoir is available in different sizes which can accommodate from
400 to 1200 µL of product. The use of the USP Apparatus 4 cells ensures control of
temperature and hydrodynamics. The temperature can be maintained either at 32.0 ± 0.5 or
37.0 ± 0.5 , depending on the intended site of the administration of the formulation. The flow
rate should comply with the requirements of Dissolution 711 with a sinusoidal flow profile
with a pulsation of 120 ± 10 pulses/min and a precision of ±5% of the nominal flow rate.

Figure 8. Adapter for topical dosage forms in USP Apparatus 4 (all dimensions are in mm).
Procedure
The membrane, which may be soaked in the receptor medium beforehand, is loaded in the
membrane ring using the provided tool. The membrane should be large enough to overlap the
top edge of the reservoir body with a diameter of 18 mm. The sample is loaded into the
reservoir. The other side of the tool can be used to hold the reservoir while loading the sample.
If necessary, the excess of sample can be removed using a spatula. Screw the membrane ring
onto the sample reservoir. Ensure that the membrane is free of wrinkles while screwing.
Remove the semisolid sample adapter from the tool, and slide it into the cylindrical part of the
22.6-mm cell with the membrane facing downward. Vertical positioning within the cell can be

PF 38(3): May-Jun. 2012

130

adjusted using the tablet holder scoring, if desired (see Figure 9). If the lower position is
chosen, release can be higher due to the proximity to the flow inlet. The system is typically
configured as a closed system (see Figure 10), but in some cases, an open system can be
used. The prepared cell is inserted in a heating jacket.

Figure 9. Vertical positioning of the insert using the tablet holder scoring (all dimensions are in
mm).

Figure 10. Closed system configuration.
The defined volume of release medium is introduced in the reservoir. Unless otherwise specified,
the medium should be deaerated in order to minimize the risk of air bubbles. A deaeration
procedure is described in Dissolution 711 , but other validated deaeration techniques can be
used. The reservoir can be adapted to the volume needed in order to achieve sink conditions
and to ensure precision of the analytical method. Typical volumes range from 50 to 1000 mL,
but values above and below this range also can be used as the formulation demands.
When the pump is switched on, the medium will be pumped through the cell. This represents
the time zero of the test. Typical flow rates are 16 mL/min and 24 mL/min, but flow rate is a
method-development parameter and must be optimized accordingly. The flow passing through
the cell ensures both agitation and renewal of the receptor medium at the interface with the
membrane.
Sampling can be performed either manually or automatically directly from the medium reservoir,
thus ensuring no interference with the flow cell and its contents. An automated fraction
collector may be appropriate for release periods longer than 6 h. After quantification, plot the
amount of drug release per surface area versus the square root of time, with the slope of the
line representing the in vitro release rate.
Calculation of Rate and Amount of Drug Released
Calculate the drug release rate using the following steps.
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Amount released (µg/cm2) at a given time (t 1, t 2, etc.) (ARi) is calculated for each sample:
Amount released at t 1AR1 = (AU1/AS) × CS × 1000 × (VC/A0)
Amount released at t 2AR2 = (AU2/AS) × CS × 1000 × (VC/A0) + [AR1 × (VS/VC)]

AR = amount of drug released (µg/cm2)
AU = response (e.g., peak area, or peak height or absorbance) from the Sample solution
AS = average response (e.g., peak area, or peak height or absorbance) from the Standard
solution
CS = concentration of the Standard solution (mg/mL)
VC = volume of the diffusion cell (mL)
A0 = area of the orifice (cm2)
VS = volume of sample taken (mL)
For each cell, the individual amount of drug released is plotted versus the square root of time.
The slope of the resulting line is the rate of drug release. The average of 6 slopes for each test
and reference products represents the drug release rate of the dosage form, and serves as the
standard for the drug product.
Application of Drug Release
The product performance test can be used to assess sameness of the drug product after postapproval changes. Because common testing artifacts, such as air bubbles and membrane
defects, yield measurements that are not normally distributed, a nonparametric statistical
technique is used to evaluate the test results. The Mann-Whitney U test is used to calculate
the 90% confidence interval for the ratio of the slopes between the test and the reference
batches. This is illustrated by the following example in which the initial drug product batch is
referred to as the Reference Batch (R) and the changed or subsequent batch is referred to as
the Test Batch (T). The individual amounts of drug released from R is plotted versus time, and
the resulting slopes are determined. Those are the reference slopes. The process is repeated
for the Test Batch (T).
The T/R slope ratios are calculated for each Test-to-Reference slope. This procedure is
facilitated with a table where the values for the slopes for Test and Reference batches are
listed down the left side and across the top of the table, respectively. The T/R slope ratios are
then determined. See Table 1.

TS1
TS2
TS3
TS4
TS5
TS6

RS1
TS1/RS1
TS2/RS1
TS3/RS1
TS4/RS1
TS5/RS1
TS6/RS1

Table 1. Comparison of Test and Reference Slopes
RS2
RS3
RS4
RS5
TS1/RS2
TS1/RS3
TS1/RS4
TS1/RS5
TS2/RS2
TS2/RS3
TS2/RS4
TS2/RS5
TS3/RS2
TS3/RS3
TS3/RS4
TS3/RS5
TS4/RS2
TS4/RS3
TS4/RS4
TS4/RS5
TS5/RS2
TS5/RS3
TS5/RS4
TS5/RS5
TS6/RS2
TS6/RS3
TS6/RS4
TS6/RS5

RS6
TS1/RS6
TS2/RS6
TS3/RS6
TS4/RS6
TS5/RS6
TS6/RS6
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After the T/R ratios have been calculated, they are ordered from the lowest to the highest.
The 8th and 29th T/R ratios are identified and converted to percent (multiplied by 100). These
values represent the 90% confidence interval for the ratio of test to reference release rates.
To pass first stage testing, those ratios must be within the range of 75%–133.33%.
If the results do not meet this criterion, four additional tests of 6 cells should be performed,
resulting in 12 additional slope determinations for each product tested. The T/R slope ratios for
all 18 slopes for each product tested are determined. All 324 individual T/R slope ratios are
ordered from the lowest to the highest. To pass this second stage testing, the 110th and 215th
slope ratios, representing the 90% confidence interval, must be within the range of 75%–
133.33%. 1S (USP36)
BRIEFING
2232 Elemental Contaminants in Dietary Supplements, page 258 of PF 36(1) [Jan.–
Feb. 2010]. This previously proposed general information chapter was scheduled to become
official in USP 34. However, due to the postponement of related general test chapters
Elemental Impurities—Limits 232 and Elemental Impurities—Procedures 233 by the
General Chapters Expert Committee, the official publication was suspended. This chapter has
been modified to reflect changes made in chapters 232 and 233 , as well as comments
received. This new version includes clarifying language to indicate that the chapter is intended
only for dietary supplement dosage forms. The chapter describes three separate options to
determine compliance with the limits. Examples of calculations have been removed.
(GCCA: C. Okunji.)
Correspondence Number—C91568

Comment deadline: July 31, 2012
Add the following:
2232

ELEMENTAL CONTAMINANTS IN DIETARY SUPPLEMENTS
INTRODUCTION

The objective of this general chapter is to limit the amounts of elemental contaminants in
dietary supplements labeled as conforming to USP or NF standards. This general chapter applies
to dietary supplements only. Drug products and their ingredients are addressed in general
chapter Elemental Impurities—Limits

232 .

The focus of this general chapter is on the four major elements of toxicological concern:
arsenic, cadmium, lead, and mercury (Class 1 elements in Elemental Impurities—Limits 232 ).
The extent of testing can be determined using a risk-based approach considering the likelihood
of contamination. Manufacturers should consider the presence of unexpected elemental
contaminants when the manufacturers determine compliance.
LIMITS OF ELEMENTAL CONTAMINANTS
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The levels of elemental contaminants should be restricted as shown in Table 1. Elemental
Limits unless otherwise stated in the individual monograph.

Element

Table 1. Elemental Limits
Individual
Component
Limita
(µg/g)
1.5
0.5
1.0
1.5
0.2

PDEb
(µg/day)
15
5
10
15
2

Arsenic (inorganic)c
Cadmium
Lead
Mercury (total)
Methylmercury (as Hg)d
a The limits for individual components are based on a maximum daily intake of 10 g of a dietary
supplement and are intended for use only with Options for Compliance with Limits of Elemental
Contaminants under Individual Component Option.
b Permitted Daily Exposure (PDE) is derived from the Provisional Tolerable Weekly Intake
(PTWI) that is recommended by the Food and Agriculture Organization of the United Nations
and World Health Organization (FAO/WHO) by subtracting the daily exposure (µg/day) to each
elemental contaminant from air, food, and drinking water. A body weight of 50 kg and a safety
factor are used to calculate the PDE.
c Arsenic may be measured using a nonspeciation procedure under the assumption that all
arsenic contained in the supplement is in the inorganic form. Where the limit is exceeded using
a nonspeciation procedure, compliance with the limit for inorganic arsenic shall be
demonstrated on the basis of a speciation procedure.
d Methylmercury determination is not necessary when the content for total mercury is less
than the limit for methylmercury. Specific monographs may provide exceptions for articles that
may need to be consumed in larger quantities in order to justify the claims.
OPTIONS FOR COMPLIANCE WITH THE LIMITS OF ELEMENTAL CONTAMINANTS
In order for a dietary supplement to comply with the limit for elemental contaminants as
described in this chapter, the level of elemental contaminant in the finished dietary supplement
should be NMT the PDE. The following three options are available when manufacturers
determine compliance with the limits for elemental contaminants in dietary supplements.
Dietary Supplement Analysis Option
This option is generally applicable. In this option the results obtained from the analysis of a
typical serving size, scaled to a maximum daily intake, are compared to the PDE, as stated in
Table 1.
Calculate the measured value (in µg of contaminant)/daily intake as:
Result = MVSS × N
MVSS = measured value (in µg of contaminant)/serving size
N = maximum number of serving sizes recommended/day.
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Acceptance Criteria:The measured value/daily intake is NMT the PDE value given in Table 1.
Individual Component Option
For dietary supplements with a maximum daily intake of NMT 10 g, the product meets the
requirements when each component meets the limits given for the Individual Component Limit
in Table 1. If all components in a formulation meet the limits given for the Individual Component
Limit, these components can be used in any proportion. No further calculation is necessary.
Summation Option
This option can be used for products that are consumed in quantities greater than 10 g/day or
where any component of the dietary supplement exceeds the applicable Individual Component
Limit. The PDE, as stated in Table 1, can be used to calculate the concentration of elemental
contaminants allowed in a dietary supplement. Apply this option by separately adding the
amounts of each elemental contaminant (in µg/day) present in each of the components of the
dietary supplement product using the following equation:
Result = S1n(Ci × Wi)
n = each component used to manufacture the dietary supplement product
Ci = element concentration in that component (µg/g)
Wi = weight of each component in the dietary supplement (weight in g of the maximum
number of serving sizes/day).
Examples
Consider an example of the application of the different options to the lead concentration in a
dietary supplement. The PDE is 10 µg per day and the Individual Component Limit is 1.0 µg/g
(ppm). The maximum administered daily weight of a dietary supplement product is 5.0 g, and
the dietary supplement contains two additional components. The composition of the dietary
supplement and the calculated maximum content of lead are given in Table 2.

Component
Dietary Ingredient
Additional Component 1
Additional Component 2
Dietary Supplement

Table 2
Amount of
Component/
Daily Intake
(g)
0.3
0.9
3.8
5.0

Lead
Content
(µg/g)
3.0
1.0
1.5
—

Daily
Exposure
(µg/day)
0.9
0.9
5.7
7.5

Additional Component 1 meets the Individual Component Limit, but the Dietary Ingredient and
the Additional Component 2 do not. Thus, the Individual Component Option cannot be used.
Nevertheless, with the Summation Option the dietary supplement product meets the PDE limit
of 10 µg/day and thus conforms to the acceptance criteria in this general chapter.
Consider another example using cadmium as the elemental contaminant. The certificates of
analysis from the suppliers of each component indicate that the dietary ingredient contains
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NMT 0.4 µg/g and the additional components contain NMT 0.5 µg/g each. The serving size is
two capsules, the weight of each capsule is 2.5 g, and the maximum number of servings/day is
three. The daily intake/weight of the dietary supplement is therefore 2.5 × 2 × 3 = 15.0 g. The
composition of the dietary supplement and the calculated maximum content of cadmium based
on the certificates of analysis from the suppliers are given in Table 3.

Component
Dietary Ingredient
Additional Component 1
Additional Component 2
Dietary Supplement

Table 3
Amount of
Component/
Daily Intake
(g)
1.0
2.6
11.4
15.0

Cadmium
Content
(µg/g)
0.4
0.5
0.5
—

Daily
Exposure
(µg/day)
0.4
1.3
5.7
7.4

In this example the Individual Component Option is not applicable because the maximum daily
intake is more than 10 g. The dietary supplement exceeds the limit for cadmium in Table 1 using
certificates of analysis from suppliers and the Summation Option. Although the cadmium
content is within the Individual Component Limit (µg/g), the dietary supplement product fails
for cadmium PDE using the Dietary Supplement Analysis Option considering the amount of daily
intake.
ANALYTICAL PROCEDURES FOR TOTAL ELEMENTAL CONTAMINANTS
Performance-based methodology for analysis of total elemental contaminants in general chapter
Elemental Impurities—Procedures 233 is applicable for dietary supplements. The validation
necessity will vary depending on the situation. In all three options described in the section
Options for Compliance with the Limits of Elemental Contaminants, the use of Validation of
Limit Procedures (see Elemental Impurities—Procedures 233 ) may be appropriate. However,
for the Summation Option acceptable levels of validation must be determined on a case-bycase basis. Validation of a procedure using the Validation of Quantitative Procedures (see
Elemental Impurities—Procedures 233 ) is acceptable for all options under all circumstances
and is generally preferred. The determination of the level of validation necessity is at the
discretion of the manufacturer and the competent regulatory authority.
ANALYTICAL PROCEDURE FOR INORGANIC ARSENIC
Where the level of total arsenic exceeds the limit recommended in this chapter, speciation may
be used to determine the amount of inorganic arsenic present. The following procedure is
suggested for determination of inorganic arsenic, but any validated procedure shown to give
equivalent or better results can be used.
Apparatus
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Figure 1. Special apparatus for the determination of inorganic arsenic. (A, 250-mL distillation
flask; B, receiver chamber, approximately 50-mL capacity; C, reflux condenser; D, splash
head.)
Reagents
Distillation-Reducing Solution—72 mg/mL of ACS-grade, low-arsenic, ferrous chloride
tetrahydrate (FeCl2 · 4H2 O) in 6.6 N hydrochloric acid. [Note—Prepare fresh on the day of use.
]
Control—6.0 µg of As (6.0 mL of Standard Arsenic Solution.) [Note—Use this amount rather
than the 3.0 mL specified for Standard Preparation under general chapter Arsenic, Method I
211 . ]
Sample Solution
Take a 2.00-g sample that has previously been ground to pass through a 60-mesh screen and
transfer to a distillation flask (A). Add 50 mL of Distillation-reducing Solution, connect the flask
to the receiver chamber (B), complete the assembly of the apparatus, and begin circulating tap
water through the condenser (C). Half-fill the lower two bulbs of the splash head (D) with
water. Maneuver the stopcock to cause the contents of the receiver chamber to drain into the
distillation flask, heat the flask until the temperature above the solution reaches 106 to 108 ,
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and continue refluxing at this temperature for 45 min. Close the stopcock, continue heating at
108 to 110 , and collect 30 to 33 mL of distillate in the receiver chamber. Remove the heating
source and allow the temperature to drop to about 80 .
Drain the distillate from the receiver chamber into a 250-mL beaker that is contained in an icewater bath. Close the stopcock, and add a second 50-mL portion of the Distillation-reducing
Solution through the thermometer opening to the distillation flask. Replace the thermometer,
increase the temperature to 108 to 110 , and collect a second 30- to 33-mL portion of
distillate in the receiver chamber.
Drain the second distillate into the beaker containing the first portion, and continue cooling in
the ice-water bath until the combined distillate cools to room temperature. Remove the splash
head, and wash its contents into the beaker. Also, wash down the inside of the condenser and
receiver chamber with water, collecting the washings in the beaker. Filter the beaker contents
through a Whatman No. 40, or equivalent, filter paper, collecting the filtrate in a 300-mL
Erlenmeyer flask having a 24/40 standard-taper joint, to be used later as an arsine generator
flask. Wash the filter three times with water so that the final volume of filtrate measures 200
mL.
Analysis
Add 2 mL of potassium iodide TS and 0.5 mL of stronger acid stannous chloride TS to the
Sample Solution contained in the Erlenmeyer flask, and proceed as directed in the Procedure
under general chapter Arsenic, Method I
temperature for 30 minutes.”

211

beginning with “Allow to stand at room

ANALYTICAL PROCEDURE FOR METHYLMERCURY
Where methylmercury determination is required, the following procedure is suggested. However,
any validated procedure shown to give equivalent or better results can be used.
Apparatus
[Note—Wash all glassware with a laboratory detergent, and rinse thoroughly with hot tap water
followed by purified water. Rinse with acetone, and let dry. ]
The system consists of an HPLC connected through an interface to an atomic absorption
detector for mercury determination at 253.7 nm with a mercury hollow-cathode lamp, deuterium
background corrector, and gas flow-through cell with open ends or quartz closed ends (10–25mm ID × 100–115 mm).
Interface Assembly (see Figure 2)—Consists of the following components:
1. Heater—With 1-inch thick magnesia and alumina insulation
2. Flowmeter
3. Temperature-indicating device— Ranging from 0 to 1370
4. Short condenser—175 mm jacket length, standard taper 24/40
5. Rubber stopper—No. 5, solid neoprene. [Note—A suitable rubber stopper is available as
No. 14–141F from Fisher Scientific Co. ]
6. Stainless steel tubing—1/16 inch (1.6 mm) OD, 0.04 inch (1 mm) ID
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7. Trap—Test tube, 125 × 15 mm
8. Boiling flask—2 neck, 500 mL [Note—A suitable boiling flask is available as Kontes No.
605000. ]
9. Stainless steel tubing—Two 6-inch (15 cm) lengths
10. Plastic tubing—Spaghetti type, 0.057–0.067 inch (1.45–1.7 mm) ID
11. Plastic tubing—Spaghetti type, as connector to AAS system
12. Electrical connection—Standard 120-V plug to variable voltage transformer
Atomic Absorption Spectrophotometer (AAS)—Follow the manufacturer’s operating
instructions for mercury determination at 253.7 nm with deuterium background correction.
Typical response for an injection of 0.100 µg Hg/100 µL standard is approximately 0.20 A using
a cell of 25-mm ID × 115-mm. Use a recording device set to obtain approximately 30%–50% full
scale for an injection of 0.100 µg Hg/100 µL standard. The working range is between
approximately 0.01 and 0.25 µg Hg/100 µL injected.

Figure 2. A diagram of the HPLC/AAS interface.
Reagents
[Note—Use water double-distilled in glass. ]
Sodium Thiosulfate Solution—Use a 0.01 M solution.
Hydrochloric Acid Solution—Use a 1.8 M solution.
Chromatographic Siliceous Earth—Acid-washed [Note—A suitable grade is available as acidwashed Celite 545. ]
Methylmercuric Chloride Stock Standard Solution—Use a solution equivalent to 100 µg/mL
of mercury from methylmercuric chloride prepared by dissolving 125 mg of methylmercuric
chloride in 20 mL of methanol and diluting with water to 1 L.
Ammonium Acetate Solution— Use a 0.05 M solution.
Mobile Phase— Methanol and ammonium acetate solution (3:2) adjusted with glacial acetic
acid to a pH of 5.7 ± 0.2. Add 0.1 mL of 2-mercaptoethanol/L immediately before use.
Instrument Set-up
Figure 2 is a diagram of the HPLC/AAS interface. Components are placed inside a shop-made
box of the dimensions shown. The box has a Plexiglas door at the front, and the back and top
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are removable. Items 1–3 are bolted to the sides of the box. Set up the remaining items as
follows: Bend a 30-inch (76 cm) stainless steel tubing (item 6) as shown to provide additional
heating surface. Place the bent portion, together with the thermocouple element, between 2
disks of the heater held tightly together by a screw at the center of the upper disk. Enclose
the heater assembly in 1-inch (25-mm) thick magnesia–alumina insulation, and secure to the
aluminum plate support by means of the aluminum cover and screws. Push the stainless steel
tubing from the heater outlet through the center of the rubber stopper (item 5) so that the end
of the tubing is near the constructed portion of the condenser when the stopper is inserted
tightly into the top of the condenser. Push two additional 6-inch (15-cm) lengths of the
stainless steel tubing through the rubber stopper to serve as the nitrogen inlet and mercury
vapor outlet, respectively. Connect the nitrogen inlet through the flowmeter and the mercury
outlet to the test tube trap by means of spaghetti-type tubing. Connect the nitrogen tank to
the flowmeter by means of spaghetti-type tubing and standard Swagelok fittings and unions.
Connect the outlet from the LC column to the 0.01-inch (0.25-mm) ID stainless steel tube,
which is connected to the inlet of the heating tube by standard 1/16-inch (1.6-mm) Swagelok
fittings and zero dead volume union. Connect the outlet of the test tube trap (spaghetti
tubing, item 11) to the AAS cell by the small rubber stopper inserted into the side arm of the
cell.
Operating Conditions for the HPLC/AAS Interface
Turning the System ON—(1) Adjust the Mobile Phase flow rate to 0.7 mL/min. (2) Introduce
water into the condenser. (3) Adjust the nitrogen sweep to 0.1 L/min (tank pressure 15 psi
(1.04 kPa) and 10.0 setting on the flowmeter). (4) Gradually adjust the temperature of the
interface heater to 550 (transformer setting approximately 65). (5) After the temperature
reaches 550 , check the system stability by injecting several aliquots of methylmercury
standard solutions. (The retention time of methylmercury is 5–6 minutes.)
The precision between the methylmercury peak heights should be NMT 5%. Inject all standard
solutions to check linearity. If these parameters cannot be achieved, check for leaks or, after
long use, replace the effluent tubing. [Note—To conserve analytical standard solutions, another
set of standards of the same concentration may be prepared by direct dilution of
Methylmercuric Chloride Stock Standard Solution with Sodium Thiosulfate Solution. Use these
standards only for instrument checking. To prepare solutions of 0.05, 0.100, 0.150, 0.200, and
0.250 µg Hg/100 µL, dilute 100 µg Hg/mL Methylmercuric Chloride Stock Standard Solution with
Sodium Thiosulfate Solution as follows: 1, 1, 3, 2, and 5 mL to 200, 100, 200, 100, and 200 mL,
respectively. ]
Turning the System OFF—(1) Turn off the interface heater, and let the system cool to near
room temperature. (2) Shut off other components, but do not shut off the Mobile Phase flow
while the heater is hot. If this is done, carbon may deposit and clog the effluent tube. For the
same reason do not pump neat organic solvents, such as methanol, to clean the column while
the heater is hot. (3) After the heater has cooled to room temperature, pump methanol to rinse
the column.
Preparation of Test Solutions
For Supplements in Tablet Form—Weigh and finely powder not fewer than 20 tablets.
Transfer an accurately weighed portion of about 10.0 g of the powder to a 100-mL beaker.
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Prepare an analytical mixture by adding Hydrochloric Acid Solution so that the mass of the
analytical portion of the powdered tablets plus the mass of the Hydrochloric Acid Solution
totals 25.00 ± 0.30 g. Blend the analytical mixture in a homogenizer (approximately 1 minute) to
obtain a fine suspension. Immediately weigh 10.0 g of the fine suspension into a beaker
containing 10 g of Chromatographic Siliceous Earth, and mix well. Quantitatively transfer the
mixture to a glass chromatographic column containing a pledget of glass wool at the bottom.
Compact the mixture moderately with a tamping rod to a height of approximately 8 cm, and
place the pledget of glass wool on top. Elute the column by adding 20 mL followed by four 5-mL
aliquots of chloroform. Collect the first 20 mL of the eluate in a tall 25-mL glass-stoppered
graduated cylinder. Add 4.0 mL of Sodium Thiosulfate Solution, shake the mixture gently for 1
minute, and let stand 5 minutes. Transfer the upper aqueous layer containing the
methylmercury–thiosulfate complex together with any emulsion into a 25-mL Erlenmeyer flask.
Blow a moderately strong stream of nitrogen into the flask for 1–2 minutes to break up any
emulsion, and expel droplets of chloroform. [Note—To aid in breaking the emulsion, hold and
rotate the flask at a 45-degree angle with one hand, and direct the nitrogen stream at the thin
layer of emulsion that adheres to the bottom of the flask as it rotates. ]
[Note—Some supplements may produce cloudy extracts. If this occurs, the extract can be
passed through a membrane filter. ]
For Supplements in Capsule Form—Weigh accurately not fewer than 20 capsules and
determine the average weight. Place a number of capsules equivalent to about 10.0 g in a 100mL beaker, and add the Hydrochloric Acid Solution so that the mass of the analytical portion of
capsules taken plus the mass of the Hydrochloric Acid Solution totals 25.00 ± 0.30 g. Proceed
as directed in For Supplements in Tablet Form beginning with “Blend the analytical mixture...”
For Supplements in Liquid Form—Weigh accurately 10.0 g of the liquid in a 100-mL beaker,
and prepare an analytical mixture by adding Hydrochloric Acid Solution so that the mass of the
analytical portion of the dietary supplement liquid taken plus the mass of the Hydrochloric Acid
Solution totals 25.00 ± 0.30 g. Proceed as directed in For Supplements in Tablet Form
beginning with “Blend the analytical mixture...”
Preparation of the Reagent Blank Solution
Prepare the reagent blank analytical solution by weighing 25.00 g of Hydrochloric Acid Solution
into a 100-mL beaker. Proceed as directed in Preparation of Test Solutions—For Supplements in
Tablet Form, beginning with “Immediately weigh 10.0 g...”
Preparation of Standard Solutions
Prepare 0.050, 0.100, 0.150, 0.200, and 0.250 µg Hg/100 µL of Standard Solutions by adding,
respectively, 20-, 40-, 60-, 80-, and 100-µL aliquots of Methylmercuric Chloride Stock
Standard Solution to 20 mL of chloroform in separate 25-mL glass-stoppered graduated
cylinders. Proceed as directed in Preparation of Test Solutions—For Supplements in Tablet
Form, beginning with “Add 4.0 mL of Sodium Thiosulfate Solution...”
Chromatographic System
The liquid chromatograph is equipped with a 4.6-mm × 25-cm L1 column and a 2.1-mm × 7-cm
L2 guard column. Inject a 100-µL aliquot of Test Solution (0.100 g injected for 10.0 g analytical
portion) into the HPLC/AAS system. After the methylmercury peak appears, inject a 100-µL
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aliquot of Standard Solution that produces a peak height equal to or slightly higher than the
Test Solution peak height. Repeat by injecting the Test Solution again followed by the selected
Standard Solution. If the Test Solution peak height is higher than the peak height for the
highest standard, dilute quantitatively an appropriate aliquot of Test Solution with Sodium
Thiosulfate Solution. Account for the dilution in the final calculation.
Calculations
Additional dilutions must be accounted for in the final calculation. Do not vary the injection
volume.
Measure peak heights above the base line, and calculate the methyl-bound mercury
concentration in the test portion, in µg Hg/g, by comparing the average peak heights of the
Test Solution to the average peak heights of the Standard Solution as follows:
Result (mg/kg) = (RT/RS) × (WS/WT)
RT = average
RS = average
WS = amount
WT = amount

peak height of the Test Solution (A)
peak height of the Standard Solution (A)
of standard injected (µg Hg)
of analytical portion injected (g),

and
WT = (D/E) × [F × (0.100 mL/4.0 mL)]
D = weight of the analytical portion (g)
E = weight of the analytical mixture prepared (g)
F = weight of the analytical mixture added to the Chromatographic Siliceous Earth (g)
If necessary, correct the peak height for the Test Solution using the response of the diluted
Reagent Blank Solution.
The quantitation limit, defined as 10 standard deviations of the reagent blank, is 0.006 µg
Hg/100 µL injected. This corresponds to a quantitation limit of 0.06 µg Hg/g for a 10-g
analytical portion treated according to the procedure. The intraday variation, calculated as the
standard deviation of 5 replicate injections of duplicate sample preparations, is NMT 0.12 and
the relative standard deviation is NMT 20%.
The objective of this general chapter is to limit the amounts of elemental contaminants in
finished dietary supplement dosage forms labeled as conforming to USP or NF standards. This
general chapter is not intended to set limits for dietary ingredients. Those limits are set in the
corresponding individual monographs.
The focus of this general chapter is on the four major elements of toxicological concern:
arsenic, cadmium, lead, and mercury. The extent of testing can be determined using a riskbased approach that takes into account the likelihood of contamination. Manufacturers should
consider the presence of unexpected elemental contaminants to determine compliance.
LIMITS OF ELEMENTAL CONTAMINANTS
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The levels of elemental contaminants should be restricted as shown in Table 1 unless otherwise
stated in the individual monograph. Specific monographs may provide different limits for articles
that need to be consumed in large quantities.
Table 1
PDE (µg/day)a

Element

Arsenic (inorganic)
15
Cadmium
5
Lead
10
Mercury (total)
15
Methylmercury (as Hg)
2
a Permitted Daily Exposure (PDE) is derived from the Provisional Tolerable Weekly Intake
(PTWI) that is recommended by the Food and Agriculture Organization of the United Nations
and World Health Organization (FAO/WHO) by subtracting the daily exposure (µg/day) to each
elemental contaminant from air, food, and drinking water. A body weight of 50 kg and a safety
factor are used to calculate the PDE. Other regulations (i.e.: Proposition 65 in California) may
require different limits; manufacturers are responsible for compliance with applicable local
requirements differing from these PDE values.
Arsenic may be measured using a nonspeciation procedure under the assumption that all
arsenic contained in the supplement is in the inorganic form. Where the limit is exceeded using
a nonspeciation procedure, compliance with the limit for inorganic arsenic shall be demonstrated
on the basis of a speciation procedure. Methylmercury determination is not necessary when the
content for total mercury is less than the limit for methylmercury.
OPTIONS FOR COMPLIANCE WITH THE LIMITS OF ELEMENTAL CONTAMINANTS
In order for a dietary supplement finished dosage form to comply with the limits for elemental
contaminants as described in this chapter, the level of elemental contaminant in the finished
dietary supplement should be NMT the PDE. The following three options are available for
determining compliance with the limits for elemental contaminants in dietary supplements.
Dietary Supplement Analysis Option
This option is generally applicable. In this option the finished dietary supplement dosage form is
analyzed according to the procedures in the general chapter Elemental Impurities—Procedures
233 or the speciation procedures given in this chapter. The results obtained from the
analysis of a typical serving size, scaled to a maximum daily intake, are compared to the PDE,
as stated in Table 1.
Analysis: Proceed as directed below in this chapter.
Calculate the measured amount of each elemental contaminant, in µg/daily intake, as:
Result = MVSS × N
MVSS = measured amount of each elemental contaminant (µg /serving size)
N = maximum daily intake of the supplement recommended in the labeling (servings/day).
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Acceptance criteria: The measured amount/daily intake is NMT the PDE value given in Table 1.
Individual Component Option
This option is applicable to finished dietary supplement dosage forms with a maximum daily
intake of NMT 10 g of the dietary supplement finished product.
Analysis: Unless otherwise specified in the individual monograph, proceed with the individual
ingredient as directed below in this chapter.
Acceptance criteria: The product meets the requirements when each component used to
prepare the finished dietary supplement meets the limits given in Table 2.
Element

Table 2
Individual Component Limits (µg/g)a

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

1.5
0.5
1.0
1.5
0.2

a The limits for individual components are based on a maximum daily intake of 10 g of a
dietary supplement and are intended for use only with Options for Compliance with Limits of
Elemental Contaminants, Individual Component Option.
b Arsenic may be measured using a nonspeciation procedure under the assumption that all
arsenic contained in the supplement is in the inorganic form. Where the limit is exceeded using
a nonspeciation procedure, compliance with the limit for inorganic arsenic shall be
demonstrated on the basis of a speciation procedure.
c Methylmercury determination is not necessary when the content for total mercury is less
than the limit for methylmercury.
[Note—If all components in a formulation meet the limits given for the Individual Component
Limits, these components can be used in any proportion. No further calculation is necessary. ]
Summation Option
This option can be used for finished dietary supplement dosage forms that are consumed in
quantities greater than 10 g/day or where the acceptance limit for any contaminant in any
component of the dietary supplement exceeds the applicable Individual Component Limit.
Analysis: Unless otherwise specified in the individual monograph, proceed with the individual
ingredient as directed below in this chapter.
Calculate the amount of each elemental contaminant, in µg/daily intake, present in the finished
dietary supplement dosage form:
Result = S(Ci × Wi) × N
Ci = elemental contaminant concentration in the individual component (µg/g)
Wi = weight of each individual component per serving of the dietary supplement (g/serving)
N = maximum daily intake of the supplement recommended in the labeling (servings/day)
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Acceptance criteria: The calculated amount of each elemental contaminant/daily intake is
NMT the PDE value given in Table 1.
ANALYTICAL PROCEDURES FOR TOTAL ELEMENTAL CONTAMINANTS
Performance-based methodology for analysis of total elemental contaminants in general chapter
Elemental Impurities—Procedures 233 is applicable for dietary supplements. The validation
necessity will vary depending on the situation. In all three options described in the section
Options for Compliance with the Limits of Elemental Contaminants, the use of Validation of
Limit Procedures (see Elemental Impurities—Procedures 233 ) may be appropriate. However,
for the Summation Option, acceptable levels of validation must be determined on a case-bycase basis. Validation of a procedure using the Validation of Quantitative Procedures (see
Elemental Impurities—Procedures 233 ) is acceptable for all options under all circumstances
and is generally preferred. The determination of the level of validation necessity is at the
discretion of the manufacturer and the competent regulatory authority.
Analytical Procedure for Inorganic Arsenic
Where the level of total arsenic exceeds the limit recommended in this chapter, speciation may
be used to determine the amount of inorganic arsenic present. The following procedure is
suggested for determination of inorganic arsenic, but any validated procedure shown to give
equivalent or better results can be used.
Apparatus
Figure 1
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Figure 1. Special apparatus for the determination of inorganic arsenic (A, 250-mL distillation
flask; B, receiver chamber, approximately 50-mL capacity; C, reflux condenser; D, splash
head).
Reagents
Distillation-reducing solution: 72 mg/mL of ACS-grade, low-arsenic, ferrous chloride
tetrahydrate (FeCl2 ·4H2 O) in 6.6 N hydrochloric acid. [Note—Prepare fresh on the day of use. ]
Control: 6.0 µg of As (6.0 mL of Standard Arsenic Solution). [Note—Use this amount rather
than the 3.0 mL specified for Standard Preparation in the general chapter Arsenic
Method I. ]

211 ,

Sample solution: Take a 2.00-g sample that has previously been ground to pass through a 60mesh screen, and transfer to a distillation flask (A). To the flask add 50 mL of Distillationreducing solution, connect the flask to the receiver chamber (B), complete the assembly of the
apparatus, and begin circulating tap water through the condenser (C). Half-fill the lower two
bulbs of the splash head (D) with water. Maneuver the stopcock to cause the contents of the
receiver chamber to drain into the distillation flask, heat the flask until the temperature above
the solution reaches 106 –108 , and continue refluxing at this temperature for 45 min. Close
the stopcock, continue heating at 108 –110 , and collect 30–33 mL of distillate in the receiver
chamber. Remove the heating source, and allow the temperature to drop to about 80 .
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Drain the distillate from the receiver chamber into a 250-mL beaker that is contained in an icewater bath. Close the stopcock, and add a second 50-mL portion of the Distillation-reducing
solution through the thermometer opening to the distillation flask. Replace the thermometer,
increase the temperature to 108 –110 , and collect a second 30–33-mL portion of distillate in
the receiver chamber.
Drain the second distillate into the beaker containing the first portion, and continue cooling in
the ice-water bath until the combined distillate cools to room temperature. Remove the splash
head, and wash its contents into the beaker. Also, wash down the inside of the condenser and
receiver chamber with water, collecting the washings in the beaker. Pass the beaker contents
through a Whatman No. 40, or equivalent, filter paper, collecting the filtrate in a 300-mL
Erlenmeyer flask having a 24/40 standard-taper joint, to be used later as an arsine generator
flask. Wash the filter three times with water so that the final volume of filtrate measures 200
mL.
Analysis: Add 2 mL of potassium iodide TS and 0.5 mL of stronger acid stannous chloride TS to
the Sample solution contained in the Erlenmeyer flask, and proceed as directed in the
Procedure in Arsenic 211 , Method I, Procedure, beginning with “Allow to stand at room
temperature for 30 min.”
Analytical Procedure for Methylmercury
Where methylmercury determination is required, the following procedure is suggested. However,
any validated procedure shown to give equivalent or better results can be used.
Apparatus
Note—Wash all glassware with a laboratory detergent, and rinse thoroughly with hot tap water
followed by purified water. Rinse with acetone, and let dry.
The system consists of an HPLC connected through an interface to an atomic absorption
detector for mercury determination at 253.7 nm with a mercury hollow-cathode lamp, deuterium
background corrector, and gas flow-through cell with open ends or quartz closed ends (10–25mm ID × 100–115 mm).
Interface assembly (see Figure 2): Consists of the following components:
1. Heater—With 1-inch thick magnesia and alumina insulation
2. Flowmeter
3. Temperature-indicating device—Ranging from 0 –1370
4. Short condenser—175-mm jacket length, standard taper 24/40
5. Rubber stopper—No. 5, solid neoprene. [Note—A suitable rubber stopper is available as
No. 14–141F from Fisher Scientific Co. ]
6. Stainless steel tubing—1/16 inch (1.6 mm) OD, 0.04 inch (1 mm) ID
7. Trap—Test tube, 125 × 15 mm
8. Boiling flask—2 neck, 500 mL [Note—A suitable boiling flask is available as Kontes No.
605000. ]
9. Stainless steel tubing—Two 6-inch (15-cm) lengths
10. Plastic tubing—Spaghetti type, 0.057–0.067 inch (1.45–1.7 mm) ID
11. Plastic tubing—Spaghetti type, as connector to AAS system
12. Electrical connection—Standard 120-V plug to variable voltage transformer
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Atomic absorption spectrophotometer (AAS): Follow the manufacturer's operating
instructions for mercury determination at 253.7 nm with deuterium background correction.
Typical response for an injection of 0.100 µg Hg/100 µL standard is approximately 0.20 A using
a cell of 25-mm ID × 115-mm. Use a recording device set to obtain approximately 30%–50% full
scale for an injection of 0.100 µg Hg/100 µL standard. The working range is approximately
0.01–0.25 µg Hg/100 µL injected.
Figure 2

Figure 2. A diagram of the HPLC/AAS interface.
Reagents [Note—Use water double-distilled in glass. ]
Sodium thiosulfate solution: Use a 0.01 M solution.
Hydrochloric acid solution: Use a 1.8 M solution.
Chromatographic siliceous earth: Acid-washed. [Note—A suitable grade is available as acidwashed Celite 545. ]
Methylmercuric chloride stock standard solution: Use a solution equivalent to 100 µg/mL of
mercury from methylmercuric chloride prepared by dissolving 125 mg of methylmercuric chloride
in 20 mL of methanol and diluting with water to 1 L.
Ammonium acetate solution: Use a 0.05 M solution.
Mobile phase: Methanol and ammonium acetate solution (3:2) adjusted with glacial acetic acid
to a pH of 5.7 ± 0.2. Add 0.1 mL of 2-mercaptoethanol per L immediately before use.
Instrument Set-Up
Figure 2 is a diagram of the HPLC/AAS interface. Components are placed inside a shop-made
box of the dimensions shown. The box has a Plexiglas door at the front, and the back and top
are removable. Items 1–3 are bolted to the sides of the box. Set up the remaining items as
follows: Bend a 30-inch (76 cm) stainless steel tubing (item 6) as shown to provide additional
heating surface. Place the bent portion, together with the thermocouple element, between 2
disks of the heater held tightly together by a screw at the center of the upper disk. Enclose
the heater assembly in 1-inch (25-mm) thick magnesia–alumina insulation, and secure to the
aluminum plate support by means of the aluminum cover and screws. Push the stainless steel
tubing from the heater outlet through the center of the rubber stopper (item 5) so that the end
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of the tubing is near the constructed portion of the condenser when the stopper is inserted
tightly into the top of the condenser. Push two additional 6-inch (15-cm) lengths of the
stainless steel tubing through the rubber stopper, one to serve as the nitrogen inlet and the
other as the mercury vapor outlet. Connect the nitrogen inlet through the flowmeter and the
mercury outlet to the test tube trap by means of spaghetti-type tubing. Connect the nitrogen
tank to the flowmeter by means of spaghetti-type tubing and standard Swagelok fittings and
unions. Connect the outlet from the LC column to the 0.01-inch (0.25-mm) ID stainless steel
tube, which is connected to the inlet of the heating tube by standard 1/16-inch (1.6-mm)
Swagelok fittings and zero dead-volume union. Connect the outlet of the test tube trap
(spaghetti tubing, item 11) to the AAS cell by the small rubber stopper inserted into the side
arm of the cell.
Operating Conditions for the HPLC/AAS Interface
Turning the system ON: (1) Adjust the Mobile phase flow rate to 0.7 mL/min. (2) Introduce
water into the condenser. (3) Adjust the nitrogen sweep to 0.1 L/min (tank pressure 15 psi
(1.04 kPa) and 10.0 setting on the flowmeter). (4) Gradually adjust the temperature of the
interface heater to 550 (transformer setting approximately 65). (5) After the temperature
reaches 550 , check the system stability by injecting several aliquots of methylmercury
standard solutions. (The retention time of methylmercury is 5–6 min.)
The precision between the methylmercury peak heights should be NMT 5%. Inject all standard
solutions to check linearity. If these parameters cannot be achieved, check for leaks or, after
long use, replace the effluent tubing. [Note—To conserve analytical standard solutions, another
set of standards of the same concentration may be prepared by direct dilution of
Methylmercuric chloride stock standard solution with Sodium thiosulfate solution. Use these
standards only for instrument checking. To prepare solutions of 0.05, 0.100, 0.150, 0.200, and
0.250 µg Hg/100 µL, dilute 100 µg Hg/mL Methylmercuric chloride stock standard solution with
Sodium thiosulfate solution as follows: 1, 1, 3, 2, and 5 mL to 200, 100, 200, 100, and 200 mL,
respectively. ]
Turning the system OFF—(1) Turn off the interface heater, and let the system cool to near
room temperature. (2) Shut off other components, but do not shut off the Mobile phase flow
while the heater is hot. If this is done, carbon may deposit and clog the effluent tube. For the
same reason, do not pump neat organic solvents, such as methanol, to clean the column while
the heater is hot. (3) After the heater has cooled to room temperature, pump methanol to rinse
the column.
Preparation of Sample Solutions
For supplements in tablet form: Weigh and finely powder NLT 20 tablets. Transfer an
accurately weighed portion of about 10.0 g of the powder to a 100-mL beaker. Prepare an
analytical mixture by adding Hydrochloric acid solution so that the mass of the analytical
portion of the powdered tablets plus the mass of the Hydrochloric acid solution totals 25.00 ±
0.30 g. Blend the analytical mixture in a homogenizer (approximately 1 min) to obtain a fine
suspension. Immediately weigh 10.0 g of the fine suspension into a beaker containing 10 g of
Chromatographic siliceous earth, and mix well. Quantitatively transfer the mixture to a glass
chromatographic column containing a pledget of glass wool at the bottom. Compact the mixture
moderately with a tamping rod to a height of approximately 8 cm, and place the pledget of
glass wool on top. Elute the column by adding 20 mL followed by four 5-mL aliquots of
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chloroform. Collect the first 20 mL of the eluate in a tall 25-mL glass-stoppered graduated
cylinder. Add 4.0 mL of Sodium thiosulfate solution, shake the mixture gently for 1 min, and
allow to stand for 5 min. Transfer the upper aqueous layer containing the methylmercury–
thiosulfate complex together with any emulsion into a 25-mL Erlenmeyer flask. Blow a
moderately strong stream of nitrogen into the flask for 1–2 min to break up any emulsion, and
expel droplets of chloroform.
Note—To aid in breaking the emulsion, hold and rotate the flask at a 45-degree angle with one
hand, and direct the nitrogen stream at the thin layer of emulsion that adheres to the bottom
of the flask as it rotates.
Note—Some supplements may produce cloudy extracts. If this occurs, the extract can be
passed through a membrane filter.
For supplements in capsule form: Weigh accurately NLT 20 capsules and determine the
average weight. Place a number of capsules equivalent to about 10.0 g in a 100-mL beaker,
and add the Hydrochloric acid solution so that the mass of the analytical portion of capsules
taken plus the mass of the Hydrochloric acid solution totals 25.00 ± 0.30 g. Proceed as
directed in For Supplements in Tablet Form beginning with “Blend the analytical mixture...”
For supplements in liquid form—Weigh accurately 10.0 g of the liquid in a 100-mL beaker,
and prepare an analytical mixture by adding Hydrochloric acid solution so that the mass of the
analytical portion of the dietary supplement liquid taken plus the mass of the Hydrochloric acid
solution totals 25.00 ± 0.30 g. Proceed as directed in For Supplements in Tablet Form
beginning with “Blend the analytical mixture...”
Preparation of the Reagent Blank Solution
Prepare the reagent blank analytical solution by weighing 25.00 g of Hydrochloric acid solution
into a 100-mL beaker. Proceed as directed in Preparation of Sample Solutions, For Supplements
in Tablet Form, beginning with “Immediately weigh 10.0 g...”
Preparation of Standard Solutions
Prepare 0.050, 0.100, 0.150, 0.200, and 0.250 µg Hg/100 µL of Standard Solutions by adding,
respectively, 20-, 40-, 60-, 80-, and 100-µL aliquots of Methylmercuric chloride stock
standard solution to 20 mL of chloroform in separate 25-mL glass-stoppered graduated
cylinders. Proceed as directed in Preparation of Sample Solutions, For Supplements in Tablet
Form, beginning with “Add 4.0 mL of Sodium thiosulfate solution...”
Chromatographic System
(See Chromatography

621 .)

Mode: LC
Detector: Cold vapor atomic absorption at 253.7 nm
Guard column: 2.1-mm × 7-cm; packing L2
Analytical column: 4.6-mm × 25-cm; packing L1
Injection volume: 100 µL
Analysis
Inject the Sample solution into the HPLC/AAS system. After the methylmercury peak appears,
inject a 100-µL aliquot of Standard solution that produces a peak height equal to or slightly
higher than the Sample solution peak height. Repeat by injecting the Sample solution again,
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followed by the selected Standard Solution. If the Sample solution peak height is higher than
the peak height for the highest standard, dilute quantitatively an appropriate aliquot of Sample
solution with Sodium thiosulfate solution. Account for the dilution in the final calculation.
Calculations
Additional dilutions must be accounted for in the final calculation. Do not vary the injection
volume.
Measure peak heights above the base line, and calculate the methyl-bound mercury
concentration in the test portion, in µg Hg/g, by comparing the average peak heights of the
Sample solution to the average peak heights of the Standard Solution as follows:
Result (µg/g) = (rT/rS) × (WS/WT)
rT = average peak height of the Sample solution (A)
rS = average peak height of the Standard solution (A)
WS = amount of standard injected (µg Hg)
WT = amount of analytical portion injected (g)
where
WT = (D/E) × [F × (0.100 mL/4.0 mL)]
D = weight of the analytical portion (g)
E = weight of the analytical mixture prepared (g)
F = weight of the anaytical mixture added to the Chromatographic siliceous earth (g)
If necessary, correct the peak height for the Sample Solution using the response of the diluted
Reagent Blank Solution.
The quantitation limit, defined as 10 times the standard deviation of the reagent blank, is 0.006
µg Hg/100 µL injected. This corresponds to a quantitation limit of 0.06 µg Hg/g for a 10-g
analytical portion treated according to the procedure. The intraday variation, calculated as the
standard deviation of five replicate injections of duplicate sample preparations, is NMT 0.12 and
the relative standard deviation is NMT 20%. 1S (USP36)
BRIEFING
Alizarin Complexone. It is proposed to add this new reagent used to prepare Lanthanum
Alizarin Complexan Mixture, also appearing in this issue of PF.
(HDQ: M. Marques.)

Correspondence Number—C114244

Comment deadline: July 31, 2012
Add the following:
Alizarin Complexone (Alizarin-3-methyliminodiacetic Acid; Alizarin Fluorine Blue),
C19 H15 NO8 —385.32 [3952-78-1]—Use a suitable grade. 1S (USP36)
BRIEFING
4-Amino-3-hydroxy-1-naphthalenesulfonic Acid, page 5253 of the First Supplement to
USP 35. It is proposed to update the information about this reagent by adding two synonyms.
(HDQ: M. Marques.)

Correspondence Number—C114423
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Comment deadline: July 31, 2012
Change to read:
4-Amino-3-hydroxy-1-naphthalenesulfonic Acid
(1,2,4-Aminonaphtholsulfonic Acid; 1-Amino-2-naphthol-4-sulfonic Acid),
1S (USP36)

C10 H9 NO4 S—239.25 [116-63-2]—Light purple powder. Use ACS reagent grade.
BRIEFING
8-Amino-6-methoxyquinoline, page 5253 of the First Supplement to USP 35. It is
proposed to delete this reagent because it is no longer used in any USP monograph or general
chapter.
(HDQ: M. Marques.)

Correspondence Number—C114720

Comment deadline: July 31, 2012
Delete the following:
8-Amino-6-methoxyquinoline (6-Methoxy-8-aminoquinoline), C10 H10 N2 O—174.2 [90-528]—Use a suitable grade with a content of not less than 98.0%.
[Note—A suitable grade is available from www.3bmedicalsystems.com, catalog number 3B3002598.]
1S (USP36)

BRIEFING
1,2,4-Aminonaphtholsulfonic Acid, page 5253 of the First Supplement to USP 35. It is
proposed to replace the information with a cross-reference to 4-Amino-3-hydroxy-1naphthalenesulfonic Acid because they are the same reagent.
(HDQ: M. Marques.)

Correspondence Number—C114424

Comment deadline: July 31, 2012
Change to read:
1,2,4-Aminonaphtholsulfonic Acid— C10 H9 NO4 S —239.25—White to slightly brownish pink
powder. Sparingly soluble in water.
Sensitiveness—Dissolve 100 mg in 50 mL of freshly prepared sodium bisulfite solution (1 in 5),
warming if necessary to effect solution, and filter. Add 1 mL of the filtrate to a solution
prepared by adding 2 mL of dilute sulfuric acid (1 in 6) and 1 mL of Phosphate Reagent A (see
Reagent test) to 20 mL of a 1 in 100 dilution of Standard Phosphate Solution (see Reagent
test): a distinct blue color develops within 5 minutes.
Solubility in sodium carbonate solution—Dissolve 100 mg in 3 mL of sodium carbonate TS, and
add 17 mL of water: not more than a trace remains undissolved.
Residue on ignition (Reagent test)—To 1 g add 0.5 mL of sulfuric acid, and ignite at 800 ± 25
to constant weight: the residue weighs not more than 5 mg (0.5%).
Sulfate (Reagent test, Method I)—Heat 500 mg with a mixture of 25 mL of water and 2 drops of
hydrochloric acid on a steam bath for 10 minutes. Cool, dilute with water to 200 mL, and filter:
20 mL of the filtrate shows not more than 0.25 mg of SO4 (0.5%).
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See 4-Amino-3-hydroxy-1-naphthalenesulfonic Acid.

1S (USP36)

BRIEFING
Bacterial Alkaline Protease Preparation, page 5256 of the First Supplement to USP 35. It
is proposed to update the information about possible suppliers of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C114599

Comment deadline: July 31, 2012
Change to read:
Bacterial Alkaline Protease Preparation—Use a suitable grade.
[Note—A suitable grade is commercially available as “Protex 6L” from Genencor,
www.genencor.com. or as “Optimase Enzyme” from Solvay Enzymes Inc.,
www.solvaypharmaceuticals.com.
1S (USP36)

]
BRIEFING
Diatomaceous Earth, Flux-Calcined, page 5269 of the First Supplement to USP 35. It is
proposed to delete the information about a possible supplier of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C114603

Comment deadline: July 31, 2012
Change to read:
Diatomaceous Earth, Flux-Calcined [91053-39-3]—Use a suitable grade.
[Note—A suitable grade is “Chromosorb W, AW-DMCS.” available from Alltech,
www.alltechweb.com, available from
Grace, www.grace.com. 2S (USP35)
1S (USP36)

]
BRIEFING
1,1-Dichloro-2,2-bis(p-chlorophenyl)ethane. It is proposed to add this new reagent
used to prepare the System suitability solution in the Assay in the monograph for Mitotane.
(HDQ: M. Marques.)

Correspondence Number—C63814

Comment deadline: July 31, 2012
Add the following:
1,1-Dichloro-2,2-bis(p-chlorophenyl)ethane (p,p¢ -DDD), C14 H10 Cl4 —320.03 [72-54-8]
—Use a suitable grade. [Note—A suitable grade is available as catalog number B0132 at
www.tciamerica.com. ] 1S (USP36)
BRIEFING
Ether, Peroxide-Free, page 5275 of the First Supplement to USP 35. It is proposed to
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update the possible supplier information for this reagent.
(HDQ: M. Marques.)

Correspondence Number—C114609

Comment deadline: July 31, 2012
Change to read:
Ether, Peroxide-Free (Diethyl Ether; Ether), (C2 H5 )2 O—74.12—Use ACS reagent grade.
Peroxide—Transfer 8 mL of potassium iodide and starch TS to a 12-mL ground glass-stoppered
cylinder about 15 mm in diameter. Fill completely with the substance under test, mix, and allow
to stand protected from light for 5 minutes. No color develops. Alternatively, peroxide test
strips may be used.
[Note—Suitable peroxide test strips can be obtained from EMD Chemicals,
www.emdchemicals.com, or from J. T. Baker, www.mallbaker.com
1S (USP36)

.]
BRIEFING
Lanthanum Alizarin Complexan Mixture, page 5283 of the First Supplement to USP 35. It
is proposed to add the instruction used to prepare this mixture.
(HDQ: M. Marques.)

Correspondence Number—C114221

Comment deadline: July 31, 2012
Change to read:
Lanthanum Alizarin Complexan Mixture— Use a suitable grade.
Dissolve 47.9 mg of alizarin complexone in a mixture of 0.1 mL of ammonium hydroxide, 1.0 mL
of 20% (w/v) ammonium acetate, and a few mL of water. Filter the solution into a 200-mL
volumetric flask containing 8.2 g of anhydrous sodium acetate, 6.0 mL of glacial acetic acid,
and enough water to dissolve the solids. Wash the filter with a small volume of water. Slowly
add 100 mL of acetone while swirling. Dissolve 140.45 mg of lanthanum nitrate hexahydrate in
2.5 mL of 2 M hydrochloric acid, warming gently to aid dissolution. Transfer this solution to the
200-mL volumetric flask containing the aqueous acetone solution. Dilute with water to volume.
Mix well, and readjust the volume after 30 min. This reagent is stable for one week. 1S (USP36)
BRIEFING
Methyl Hexanoate. It is proposed to add this new reagent used in the Fatty Acid
Composition test in the monograph for Glyceryl Tristearate.
(HDQ: M. Marques.)

Correspondence Number—C112684

Comment deadline: July 31, 2012
Add the following:
Methyl Hexanoate (Caproic acid methyl ester; Methyl caproate), C7 H14 O2 —130.18 [10670-7]—Use a suitable grade with a content of NLT 99%.
[Note—A suitable grade is available as catalog 259942 from www.sigma-aldrich.com.]
1S (USP36)

BRIEFING
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Methyl Palmitoleate. It is proposed to add this new reagent used in the Fatty Acid
Composition test in the monograph for Glyceryl Tristearate.
(HDQ: M. Marques.)

Correspondence Number—C112668

Comment deadline: July 31, 2012
Add the following:
Methyl Palmitoleate (Methyl cis-9-Hexadecenoate; Palmitoleic Acid Methyl Ester),
C17 H32 O2 —268.43 [1120-25-8]—Use a suitable grade with a content of NLT 99%. [Note—A
suitable grade is available as catalog number P9667 or 76176 from www.sigma-aldrich.com. ]
1S (USP36)

BRIEFING
Pectate Lyase, page 5291 of the First Supplement to USP 35. It is proposed to update the
information concerning the preparation of Tris buffer solution used to determine the Activity of
this reagent.
(HDQ: M. Marques.)

Correspondence Number—C114425

Comment deadline: July 31, 2012
Change to read:
Pectate Lyase [9015-75-2]—An enzyme obtained from Aspergillus sp. Light brown, viscous
liquid. Specific gravity is about 1.5. It is readily soluble in water. It is supplied at approximately
14 units per mL (at pH 8.0 in Tris-HCl buffer [50 mM of Tris(hydroxymethyl)aminomethane
containing 1 mM of CaCl2 , pH 8.0] in a solution of 50% glycerol and 0.02% sodium azide. One
unit is defined as the enzyme activity that produces 1 µmol of unsaturated product per minute.
Activity
Pectin solution—Transfer a quantity of Pectin, equivalent to 0.05 g on the dried basis, to a
100-mL volumetric flask. [Note—Pectin has a molecular weight of 103,000 Da; its degree of
esterification (percentage of galacturonic acid groups substituted with methyl) is 12. ] Moisten
with 0.1 mL of 2-propanol. Add 50 mL of water to the flask, and mix the solution with a
magnetic stirrer. Use 0.5 N sodium hydroxide to adjust the solution to a pH of 12. Stop the
stirrer, and allow the solution to stand undisturbed at room temperature for 15 minutes. Adjust
the solution with 0.5 N hydrochloric acid to a pH of 8.0. Dilute with water to volume.
Tris buffer solution—Transfer 6.055 g of Tris(hydroxymethyl)aminomethane and 0.147 g of
calcium chloride (CaCl2 ·H2 O)
1S (USP36)

to a 1000-mL volumetric flask containing 950 mL of water, and mix. Adjust the solution with 1 N
hydrochloric acid to a pH of 8.0. Dilute with water to volume.
Diluted pectate lyase—Transfer 0.5 mL of Pectate Lyase to a 50-mL volumetric flask, dilute
with Tris buffer solution to volume, and mix.
Procedure—Add the solutions set forth in the table below to quartz cuvettes.

PF 38(3): May-Jun. 2012

155

Diluted
Pectin
Pectate
Tris Buffer
Solution
Lyase
Water
Label
Solution (mL)
(mL)
(mL)
(mL)
Enzyme blank
0.5
1.0
0
1.0
Test blank
0.5
0
0.5
1.5
Test solution
0.5
1.0
0.5
0.5
Perform the test on the solutions so obtained, using a suitable UV-Vis spectrophotometer (see
Spectrophotometry and Light-Scattering 851 ) and using water as the blank. Mix the
solutions well at time 0, and immediately measure the absorbances at 235 nm. Record the value
for the Enzyme blank, A0 EB ; for the Test blank, A0 TB ; and for the Test solution, A0 TS .
After incubation at room temperature for 30 minutes, determine the absorbance again at 235
nm for the Enzyme blank, A30 EB ; for the Test blank, A30 TB ; and for the Test solution, A30
TS . One unit is defined as the enzymatic activity that produces 1 µmol of unsaturated
product from pectin per minute. Calculate the Pectate Lyase activity, in units per mL, using the
following formula:
50(103)[(A30

TS

A30

EB

A30

TB)

(A0

TS

A0

EB

A0

TB)]/30

235 L

in which 50 is the volume, in mL, of Diluted pectate lyase; 103 is the unit conversion factor; 30
is the time, in minutes, of the reaction;

235

is the molar extinction coefficient, in M 1 cm 1,

of the reaction product (4600 M 1 cm 1); and L is the path length, in cm, of the reaction
cuvette (1 cm). Alternatively, these solutions, after being mixed in the cuvettes, can be
immediately measured at 235 nm continuously in a recording UV-Vis spectrophotometer set up
for kinetic assays. The result is obtained by correcting the blank determination, using the
Enzyme blank and the Test blank.
BRIEFING
Pepsin, page 5291 of the First Supplement to USP 35. It is proposed to update this reagent
specification and to harmonize the Activity determination test with the procedure that will be
adopted by the Food Chemicals Codex.
(HDQ: M. Marques.)

Correspondence Number—C115550

Comment deadline: July 31, 2012
Change to read:
Pepsin [9001-75-6]—Use Pepsin (Enzyme Preparations) FCC, having an activity of 1.0 to
1.17 Pepsin units per mg. Pepsin of higher activity may be reduced to this activity by admixture
with pepsin of lower activity or with lactose.
Activity Determination
Dilute hydrochloric acid solution—Dilute 30 mL of 1 N hydrochloric acid with water to 1000
mL. Adjust with 1 N hydrochloric acid to a pH of 1.6 ± 0.1, if necessary.
TCA solution—4.0% (w/v) of trichloroacetic acid in water.
Substrate solution—Transfer 4.0 g of USP Hemoglobin Protease Substrate RS to a 200-mL
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volumetric flask, and dissolve in 75 mL of Dilute hydrochloric acid solution. Once the hemoglobin
is fully dissolved, adjust with 1 N hydrochloric acid to a pH of 1.6 ± 0.1. Dilute with Dilute
hydrochloric acid solution to volume.
Standard solutions—Quantitatively prepare four serial dilutions of USP Pepsin for Assay RS in
Dilute hydrochloric acid solution covering the activity range of 0.45–0.90 of USP Pepsin U/mL.
[Note——Prepare these solutions immediately before use. ]
Sample solution—Quantitatively prepare a solution of pepsin in Dilute hydrochloric acid
solution containing approximately 0.60–0.70 of USP Pepsin U/mL. [Note——Prepare immediately
before use. ]
Procedure
For the standard curve, prepare test tubes as follows (use tubes that can accommodate and
allow mixing on a vortex mixer of a volume of not less than 16 mL). Separately transfer 1.0-mL
aliquots of each of the Standard solutions into four test tubes—two tubes for the analysis of
each Standard solution and two blank tubes for each Standard solution. Prepare a substrate
blank by transferring 1.0 mL of Dilute hydrochloric acid solution into a single test tube. A full
set of tubes for obtaining the standard curve will require 17 test tubes.
For each pepsin sample being tested, prepare test tubes as follows. Separately transfer 1.0-mL
aliquots of the Sample solution into four test tubes—two tubes for the analysis of each sample
and two blank tubes for each sample.
To each of the blank tubes (the substrate blank, the Standard solution blanks, and the Sample
solution blanks), add 10.0 mL of TCA solution, and mix on a vortex mixer. Place all test tubes in
a water bath maintained at 25 ± 0.1 , and allow equilibration for 5 min. Add 5.0 mL of the
Substrate solution (previously equilibrated to 25 ± 0.1 ) to each of the blank tubes, mix on a
vortex mixer, and return the tubes to the water bath to incubate for 10 min. Using a stopwatch
and starting at time equals zero, rapidly pipet 5.0 mL of the Substrate solution (previously
equilibrated at 25 ± 0.1 ) successively and at intervals of exactly 30 s into each of the tubes
for analysis. Mix each tube immediately after adding the Substrate solution by mixing on a
vortex mixer, then return the tube to the water bath. Exactly 10.0 min after the addition of the
Substrate solution, stop the reaction by rapidly pipetting 10.0 mL of TCA solution into each
tube at intervals of exactly 30 s. Mix each tube on a vortex mixer, and remove all tubes from
the water bath.
Allow all tubes, including blanks, to sit at room temperature for 25 min. After 25 min, mix the
contents of each tube on a vortex mixer, and filter the contents through fluted paper filter into
clean tubes. [Note——A suitable filter is Whatman No. 41 ashless filter. ] Discard the first 5 mL
of the filtrate from each tube. Re-filter each of the filtrates through the same paper.
Detector—280 nm
Cell—1 cm
Blank—Substrate blank
Analysis
Calculate the average absorbance for each of the filtrates.
Correct the absorbance for each of the Standard solutions by subtracting the average
absorbance of the Standard solution blank from the average absorbance of the Standard
solution. Plot a standard curve of the corrected absorbance of each Standard solution versus

PF 38(3): May-Jun. 2012

157

the concentration (mg/mL). Determine the slope (m) and y-intercept (b) of the resulting curve.
One pepsin unit is defined as that quantity of enzyme that produces the equivalent of 1 µmol of
tyrosine per min under the conditions of the assay.
Calculate the activity of pepsin:
Pepsin Units/mg = [(As

b) × P]/(m × C)

As = average absorbance for the sample corrected for the average absorbance of the sample
blanks
b = y-intercept of the standard curve
P = activity of the USP Pepsin for Assay RS (U/mg)
m = slope of the standard curve
C = concentration of the Sample solution (U/mL)
1S (USP36)

BRIEFING
Pepsin, Purified, page 5292 of the First Supplement to USP 35. It is proposed to delete this
reagent. See the reagent Pepsin, published in this issue of PF.
(HDQ: M. Marques.)

Correspondence Number—C115552

Comment deadline: July 31, 2012
Delete the following:
Pepsin, Purified—A white or yellowish-white powder, spongy mass, or translucent scales or
granules. Freely soluble in water, producing more or less opalescence; practically insoluble in
alcohol, in chloroform, and in ether. Purified Pepsin used in the second tier of the Dissolution
test has an activity that is determined by the following method.
Activity—
pepsin solution—Transfer about 2.5 mg of Purified Pepsin, accurately measured, to a 100-mL
volumetric flask, dilute with 10 mM hydrochloric acid to volume, and mix. [Note—Prepare
immediately before use. ]
2.0% hemoglobin solution—Dissolve and dilute 2.5 g of bovine hemoglobin with water to 100 mL.
Dilute 80 mL of this solution with 0.3 M hydrochloric acid to a volume of 100 mL.
trichloroacetic acid solution—Dilute 5 g of trichloroacetic acid with water to 100 mL.
test solution—Transfer 5.0 mL of 2.0% Hemoglobin solution to a suitable container equilibrated
at 37 . Add 1.0 mL of Pepsin solution, mix by swirling, and incubate at 37 for 10 minutes.
Immediately add 10.0 mL of Trichloroacetic acid solution, mix by swirling, and incubate at 37
for 5 minutes. Pass through a filter having a 0.8-µm or finer porosity.
control solution—Transfer 5.0 mL of 2.0% Hemoglobin solution to a suitable container
equilibrated at 37 . Mix by swirling, and incubate at 37 for 10 minutes. Immediately add 10.0
mL of Trichloroacetic acid solution and 1.0 mL of Pepsin solution, mix by swirling, and incubate
at 37 for 5 minutes. Pass through a filter having a 0.8-µm or finer porosity.
procedure—Determine the absorbances of the Test solution and Control solution, in 1-cm cells,
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at a wavelength of about 280 nm, using water as the reference. Calculate the activity of the
portion of Purified Pepsin taken by the formula:
10,000(AU

AC)

in which AU and AC are the absorbances of the Test solution and the Control solution,
respectively.
1S (USP36)

BRIEFING
Phosphomolybdic Acid, page 5294 of the First Supplement to USP 35. It is proposed to
correct the CAS number of this reagent.
(HDQ: M. Marques.)
Correspondence Number—C114220

Comment deadline: July 31, 2012
Change to read:
Phosphomolybdic Acid, approximately 20MoO3 ·P2 O5 ·51H2 O—3939.49
[51429-74-4] 1S (USP36)

[11104-88-4]

—Use ACS reagent grade.
BRIEFING
Polyoxyethylene 10 Lauryl Ether. It is proposed to add this new reagent used to prepare
the Medium in the Dissolution test in the new monograph for Lopinavir and Ritonavir Tablets.
(HDQ: M. Marques.)

Correspondence Number—C91528

Comment deadline: July 31, 2012
Add the following:
Polyoxyethylene 10 Lauryl Ether (Decaethylene Glycol Monododecyl Ether),
C32 H66 O11 —626.86 [6540-99-4]—Use a suitable grade. [Note—A suitable grade is available
as catalog number P9769 at http://www.sigma.com. ] 1S (USP36)
BRIEFING
Salicylic Acid. It is proposed to add this new reagent.
(HDQ: M. Marques.)

Correspondence Number—C114426

Comment deadline: July 31, 2012
Add the following:
Salicylic Acid—Use Salicylic Acid (USP monograph).

1S (USP36)

BRIEFING
Silica Gel, Octadecylsilanized Chromatographic, page 5300 of the First Supplement to
USP 35. It is proposed to update the information on a possible supplier for this reagent.
(HDQ: M. Marques.)

Correspondence Number—C114614

Comment deadline: July 31, 2012
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Change to read:
Silica Gel, Octadecylsilanized Chromatographic—Use a suitable grade.
[Note—A suitable grade is available commercially as “Reversed Phase Uniplates” from Analtech,
www.analtech.com.
“Analtech Reversed Phase Uniplates” from www.spectrumchemical.com. 1S (USP36)
]
BRIEFING
Sodium Bitartrate, USP 35 page 1051. It is proposed to correct the CAS number of this
reagent.
(HDQ: M. Marques.)

Correspondence Number—C114422

Comment deadline: July 31, 2012
Change to read:
Sodium Bitartrate, NaHC4 H4 O6 ·H2 O—190.08 [526-94-3]
[6131-98-2] 1S (USP36)
—White crystals or a crystalline powder. Soluble in cold water.
Assay—Dissolve about 500 mg, accurately weighed, in 30 mL of water, add phenolphthalein TS,
and titrate with 0.1 N sodium hydroxide VS: each mL of 0.1 N sodium hydroxide is equivalent to
19.01 mg of NaHC4 H4 O6 ·H2 O. Between 99% and 100.5% is found.
Insoluble matter (Reagent test): not more than 1 mg, from 10 g (0.01%).
Chloride (Reagent test)—One g shows not more than 0.2 mg of Cl (0.02%).
Heavy metals (Reagent test)—Dissolve 4 g in 25 mL of water, add 2 drops of phenolphthalein
TS, and then add ammonia TS, dropwise, until the solution is slightly pink. Add 4 mL of 1 N
hydrochloric acid, dilute with water to 40 mL, and add 10 mL of hydrogen sulfide TS: any brown
color produced is not darker than that of a control containing 0.04 mg of added Pb (0.001%).
Sulfate (Reagent test, Method I )—One g shows not more than 0.2 mg of SO4 (0.02%).
BRIEFING
Vinylpyrrolidinone, USP 35 page 1064. It is proposed to correct the CAS number of this
reagent.
(HDQ: M. Marques.)

Correspondence Number—C114291

Comment deadline: July 31, 2012
Change to read:
Vinylpyrrolidinone (1-Vinyl-2-pyrrolidinone; 1-Vinyl-2-pyrrolidone; N-Vinylpyrrolidinone; NVinylpyrrolidone), C6 H9 NO—111.14 [88-12-4]
[88-12-0] 1S (USP36)
—Colorless liquid.
Assay—Inject an appropriate volume into a gas chromatograph (see Chromatography

621 )
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equipped with a flame-ionization detector, helium being used as the carrier gas. The following
conditions have been found suitable: a 0.25-mm × 30-m capillary column coated with a 1-µm
layer of G2; the injection port temperature is maintained at 250 ; the detector temperature is
maintained at 300 ; and the column temperature is maintained at 100 and programmed to rise
10 per min to 250 . The area of the C6 H9 NO peak is not less than 99.0% of the total peak
area.
Water, Method 1 921 : not more than 0.1%, determined on 2.5 g, using a mixture of 50 mL
of methanol and 10 mL of butyrolactone as the solvent.
[Note—A suitable grade is available from Merck KGaA/EMD chemicals, catalogue number
8.08518.0250, www.emdchemicals.com. ]
TEST SOLUTIONS
BRIEFING
Glucose Oxidase–Chromogen TS, USP 35 page 1072. It is proposed to update the
information about this Test Solution.
(HDQ: M. Marques.)
Correspondence Number—C114431
Change to read:
Glucose Oxidase–Chromogen TS—A solution containing, in each mL, 0.5 µmol of 4aminoantipyrine, 22.0 µmol of sodium p-hydroxybenzoate, not less than 7.0 units of glucose
oxidase, and not less than 0.5 units of peroxidase, and buffered to a pH of 7.0 ± 0.1.
Suitability—When used for determining glucose in Inulin, ascertain that no significant color
results by reaction with fructose, and that a suitable absorbance-versus-concentration slope is
obtained with glucose.
[Note—A suitable grade is available, as a concentrate, from Worthington Diagnostics, Division
of Millipore Corp., www.millipore.com.
Glucose oxidase can be from Aspergillus niger. 1S (USP36)
]
TEST SOLUTIONS
BRIEFING
Orthophenantroline TS, page 5326 of the First Supplement to USP 35. It is proposed to
update the instructions for preparing this Test Solution.
(HDQ: M. Marques.)
Correspondence Number—C114418
Change to read:
Orthophenanthroline TS—Dissolve 150 mg of orthophenanthroline in 10 mL of a solution of
ferrous sulfate, prepared by dissolving 700 mg of clear crystals
1S (USP36)

of ferrous sulfate in 100 mL of water. The ferrous sulfate solution must be prepared immediately
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before dissolving the orthophenanthroline. Store in well-closed containers.
VOLUMETRIC SOLUTIONS
BRIEFING
Perchloric Acid, Tenth-Normal (0.1 N) in Glacial Acetic Acid, page 5333 of the First
Supplement to USP 35. It is proposed to correct the formula used in the standardization of this
volumetric solution.
(HDQ: M. Marques.)
Correspondence Number—C114442

Comment deadline: July 31, 2012
Change to read:
Perchloric Acid, Tenth-Normal (0.1 N) in Glacial Acetic Acid
HClO4 , 100.46
10.05 g in 1000 mL
[Note—Where called for in the tests and assays, this volumetric solution is specified as “0.1 N
perchloric acid.” Thus, where 0.1 N or other strength of this volumetric solution is specified, the
solution in glacial acetic acid is to be used, unless the words “in dioxane” are stated. (See also
Perchloric Acid, Tenth-Normal (0.1 N) in Dioxane.) ]
Mix 8.5 mL of perchloric acid with 500 mL of glacial acetic acid and 21 mL of acetic anhydride,
cool, and add glacial acetic acid to make 1000 mL. Alternatively, the solution may be prepared
as follows. Mix 11 mL of 60 percent perchloric acid with 500 mL of glacial acetic acid and 30 mL
of acetic anhydride, cool, and add glacial acetic acid to make 1000 mL.
Allow the prepared solution to stand for 1 day for the excess acetic anhydride to be combined,
and determine the water content by Method I (see Water Determination 921 ), except to
use a test specimen of about 5 g of the 0.1 N perchloric acid that is expected to contain
approximately 1 mg of water and the Reagent (see Reagent under Method Ia in Water
Determination 921 ) diluted such that 1 mL is equivalent to about 1–2 mg of water. If the
water content exceeds 0.5%, add more acetic anhydride. If the solution contains no titratable
water, add sufficient water to obtain a content of 0.02%–0.5% of water. Allow the solution to
stand for 1 day, and again titrate the water content. The solution so obtained contains 0.02%–
0.5% of water, indicating freedom from acetic anhydride.
Standardize the solution as follows.
Accurately weigh about 700 mg of potassium biphthalate, previously crushed lightly and dried
at 120 for 2 hours, and dissolve it in 50 mL of glacial acetic acid in a 250-mL flask. Add 2
drops of crystal violet TS, and titrate with the perchloric acid solution until the violet color
changes to blue-green. Deduct the volume of the perchloric acid consumed by 50 mL of the
glacial acetic acid. Each 20.423 mg of potassium biphthalate is equivalent to 1 mL of 0.1 N
perchloric acid.

1S (USP36)

BRIEFING
L45, page 5338 of the First Supplement to USP 35. It is proposed to revise the description
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of this phase to better reflect the column that originated this L designation (Astec Cyclobond I
2000 RSP).
(HDQ: M. Marques.)
Correspondence Number—C114445

Comment deadline: July 31, 2012
Change to read:
L45—Beta cyclodextrin,
R,S-hydroxypropyl ether derivative,

1S (USP36)

bonded to porous silica particles, 5 to 10 µm in diameter.
BRIEFING
L48, page 5338 of the First Supplement to USP 35. It is proposed to expand the particle
size range of this packing.
(HDQ: M. Marques.)
Correspondence Number—C114721

Comment deadline: July 31, 2012
Change to read:
L48—Sulfonated, cross-linked polystyrene with an outer layer of submicron, porous, anionexchange microbeads, 10
5 1S (USP36)
to 15 µm in diameter.
BRIEFING
L66, page 5339 of the First Supplement to USP 35. It is proposed to update the contact
information of a possible supplier for this column.
(HDQ: M. Marques.)
Correspondence Number—C114598

Comment deadline: July 31, 2012
Change to read:
L66—A crown ether coated on a 5-µm particle size silica gel substrate. The active site is (S)18-crown-6-ether.
[Note—Available as Crownpak CR(+) from Daicel (www.daicel.com)
www.chiraltech.com 1S (USP36)
.]
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 5341 of the First Supplement to
USP 35, page 576 of PF 36(2) [Mar.–Apr. 2010], page 1037 of PF 36(4) [July–Aug. 2010], page
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1780 of PF 36(6) [Nov.–Dec. 2010], PF 37(3) [May–June 2011], PF 37(5) [Sept.–Oct. 2011], PF
37(6) [Nov.–Dec. 2011], PF 38(1) [Jan.–Feb. 2012], and PF 38(2) [Mar.–Apr. 2012].
(HDQ.)
Correspondence Number—C93610; C97726; C109663
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Anastrozole Tablets

T

1S (USP36)

Add the following:
Memantine Hydrochloride Tablets
T 1S (USP36)
Add the following:
Ribavirin Capsules
W 1S (USP36)
BRIEFING
Description and Relative Solubility of USP and NF Articles, page 5350 of the First
Supplement to USP 35, page 1343 of PF 35(5) [Sept.–Oct. 2009], page 578 of PF 36(2) [Mar.–
Apr. 2010], PF 37(1) [Jan.–Feb. 2011], PF 37(3) [May–Jun. 2011], PF 37(4) [July–Aug. 2011],
PF 37(5) [Sept.–Oct. 2011], PF 37(6) [Nov.–Dec. 2011], PF 38(1) [Jan.–Feb. 2012], and PF
38(2) [Mar.–Apr. 2012].
(HDQ.)
Correspondence Number—C75939; C92522; C107407; C108249; C108578; C109913;
C114432
Add the following:
Ammonium Glycyrrhizate: White or yellowish-white, hygroscopic powder. It is slightly
soluble in water; very slightly soluble in anhydrous ethanol; practically insoluble in acetone. It
dissolves in dilute solutions of acids and of alkali hydroxides. NF category: Flavors and
perfumes; wetting and/or solubilizing agent. 1S (NF31)
Add the following:
Butyl Palmitostearate: Colorless or pale yellowish waxy solid at temperatures below 17 –24
or colorless or pale yellowish liquid at temperatures of 17 –24 or above. Soluble in acetone, in
alcohol, in ether, in mineral oils, and in vegetable oils; practically insoluble in water and in
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propylene glycol. NF category: Emulsifying and/or solubilizing agent; flavors and perfumes;
plasticizer. 1S (NF31)
Add the following:
Butyl Stearate: Colorless or pale yellowish waxy solid at temperatures below 19 –24 or
colorless or pale yellowish liquid at temperatures of 19 –24 or above. Soluble in acetone, in
alcohol, in ether, in mineral oils, and in vegetable oils; practically insoluble in water and in
propylene glycol. NF category: Emulsifying and/or solubilizing agent; flavors and perfumes;
plasticizer. 1S (NF31)
Delete the following:
Measles Virus Vaccine Live: Solid having the characteristic appearance of substances dried
from the frozen state. Undergoes loss of potency on exposure to sunlight. The Vaccine is to be
constituted with a suitable diluent just prior to use. 1S (USP36)
Delete the following:
Measles, Mumps, and Rubella Virus Vaccine Live: Solid having the characteristic
appearance of substances dried from the frozen state. The Vaccine is to be constituted with a
suitable diluent just prior to use. Constituted vaccine undergoes loss of potency on exposure to
sunlight. 1S (USP36)
Delete the following:
Measles and Rubella Virus Vaccine Live: Solid having the characteristic appearance of
substances dried from the frozen state. The Vaccine is to be constituted with a suitable diluent
just prior to use. Constituted vaccine undergoes loss of potency on exposure to sunlight.
1S (USP36)

Change to read:
Meropenem: Colorless to white crystals
white or light yellow crystals or crystalline powder.

1S (USP36)

Soluble in dimethylformamide and in 5% dibasic potassium phosphate solution; sparingly soluble
in water and in 5% monobasic potassium phosphate solution; very slightly soluble in alcohol;
practically insoluble in acetone and in ether
practically insoluble in alcohol, in acetone, in methylene chloride, and in ether. 1S (USP36)
Add the following:
Moexipril Hydrochloride: White to off-white powder. Soluble in water, in alcohol, and in
methanol. 1S (USP36)
Add the following:
Vigabatrin: White or almost white power. Freely soluble in water; slightly soluble in methanol;
very slightly soluble in alcohol and in chloroform; practically insoluble in methylene chloride;
insoluble in hexane and in toluene. 1S (USP36)
BRIEFING
N-Acetyltyrosine, USP 35 page 1174. On the basis of comments received, it is proposed to
add a short-wavelength UV light detection to the TLC test for Organic Impurities. The
short-wave UV light is complementary to the Spray reagent and better in detection of the
spot from Standard solution 1.
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(DS: H. Dinh.)
Correspondence Number—C113303

Comment deadline: July 31, 2012
N-Acetyltyrosine

C11 H13 NO4

223.2

N-Acetyl-l-tyrosine;
(2S)-2-(Acetylamino)-3-(4-hydroxyphenyl)propanoic acid)

[537-55-3].

DEFINITION
N-Acetyltyrosine contains NLT 98.5% and NMT 101.0% of N-acetyltyrosine (C11 H13 NO4 ), as Nacetyl-l-tyrosine, calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Optical Rotation, Specific Rotation
Sample solution: 10 mg/mL

781S

Acceptance criteria: NLT +46.0 and NMT +49.0 , determined at 20
• C. The RF value of the principal spot of the Sample solution in the test for Organic Impurities
corresponds to that of Standard solution 1.
ASSAY
• Procedure
Sample solution: Dissolve about 180 mg of N-Acetyltyrosine, weighed, in 50 mL of carbon
dioxide-free water.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric
Equivalency: Each mL of 0.1 N sodium hydroxide VS is equivalent to 22.32 mg of Nacetyltyrosine (C11 H13 NO4 ).
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Chloride
Sample: 0.7 g

221
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Standard: 0.40 mL of 0.01 N hydrochloric acid
Acceptance criteria: NMT 200 ppm
• Chloride and Sulfate, Sulfate 221
Sample: 1.2 g
Standard: 0.25 mL of 0.020 N sulfuric acid
Acceptance criteria: NMT 200 ppm
• Iron 241 : NMT 20 ppm
• Heavy Metals, Method 1

231 : NMT 10 ppm

Change to read:
• Organic Impurities
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Standard stock solution 1: 8 mg/mL of USP N-Acetyl-l-tyrosine RS in a mixture of water,
glacial acetic acid, and alcohol (3:3:94)
Standard solution 1: Dilute Standard stock solution 1 with alcohol to obtain a solution
having a known concentration of about 0.4 mg/mL.
Standard solution 2: 0.8 mg/mL of USP l-Tyrosine RS dissolved in a mixture of glacial
acetic acid and water (1:1), and diluted with alcohol
Sample solution: Transfer 0.8 g of N-Acetyltyrosine to a 10-mL volumetric flask, dissolve
in 6 mL of a mixture of glacial acetic acid and water (1:1), and dilute with alcohol to
volume.
Application volume: 5 µL
Developing solvent system: A mixture of ammonia and 2-propanol (3:7)
Spray reagent: Dissolve 0.2 g of ninhydrin in 100 mL of a mixture of butanol and 2 N acetic
acid (95:5).
Analysis: Proceed as directed for Chromatography 621 , Thin-Layer Chromatography.
After air-drying the plate, repeat the development process. After air-drying a second
time,
examine the plate under short-wave UV light, and record principal and secondary spots.
1S (USP36)

Spray the plate with Spray reagent, and heat between 100 and 105 for about 15 min.
Examine the plate under white light, and record the principal and secondary spots.
1S (USP36)

Acceptance criteria:
Under the short-wave UV light,

1S (USP36)

any secondary spot observed from the Sample solution is not larger or more intense than
the principal spot from Standard solution 1. ,except for the spot corresponding to
tyrosine, which is not larger or more intense than the principal spot from Standard solution
2.
After applying the Spray reagent, under white light, any secondary spot at the locus of
tyrosine from the Sample solution is not larger or more intense than the principal spot from
Standard solution 2. 1S (USP36)
Individual impurities: NMT 0.5%
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Limit of tyrosine: NMT 1.0%
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 3 h.
Acceptance criteria: NMT 0.1%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP N-Acetyl-l-tyrosine RS
USP l-Tyrosine RS
BRIEFING
Valerian, USP 35 page 1463. On the basis of comments received, it is proposed to replace the
HPLC Composition test for Content of Valerenic Acid with an HPLC method for the Content
of Valerinic Acids to account for various valerinic acids present; to add a specific HPTLC
Identification test; and to replace the Specific Test for Articles of Botanical Origin, Water
Content 561 with a test for Loss on Drying. The liquid chromatographic procedure in the
Content of Valerinic Acids test is based on analyses performed with the Phenomenex Prodigy
ODS(3) brand of L1 column, with end-capped, 5-µm 100 packing. The typical retention
times for hydroxyvalerenic acid, acetoxyvalerenic acid, and valerenic acid are about 11.0,
13.0, 16.9 min, respectively. Editorial changes were also made.
(DS2010: M. Sharaf.)
Correspondence Number—C115081

Comment deadline: July 31, 2012
Valerian
DEFINITION
Change to read:
Valerian consists of the subterranean parts of Valeriana officinalis L. (Fam. Valerianaceae)
including the rhizome, roots, and stolons. It contains NLT 0.5% of volatile oil, NLT 0.05% of
valerenic acid (C15 H22 O2 ), , calculated on the dried basis.
and NLT 0.17% of total valerenic acids, calculated as the sum of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid, on the dried basis. 1S (USP36)

IDENTIFICATION
Change to read:
• A. Color Reaction
Sample solution: 0.2 g of freshly powdered Valerian in 5 mL of methylene chloride. Shake
several times, and allow to stand for 5 min. Filter, wash the filter with 2 mL of methylene
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chloride, and combine the filtrate and washings in one container. Heat the combined
filtrate and washings on a water bath for the minimum time required to evaporate the
solvent, and dissolve the residue in 0.2 mL of methylene chloride.
Analysis: To 0.1 mL of the Sample solution add 3 mL of a mixture of equal volumes of
glacial acetic acid and 25% hydrochloric acid, and shake several times.
Acceptance criteria: A blue color develops within 15 min.
Meets the requirements for Specific Tests, Botanic Characteristics 1S (USP36)
Change to read:
• B. HPLC Identification Test
Analysis: Proceed as directed in the test for Content of Valerenic Acid.
Acceptance criteria: The Sample solution chromatogram exhibits a peak for valerenic
acid at a retention time that corresponds to that of the Standard solution.
Sample solution: 0.2 g of freshly powdered Valerian in 5 mL of methylene chloride.
Shake several times, and allow to stand for 5 min. Filter, wash the filter with 2 mL of
methylene chloride, combine the filtrate and washings, and evaporate to dryness.
Dissolve the residue in 0.2 mL of methylene chloride.
Analysis: To 0.1 mL of the Sample solution add 3 mL of a mixture of equal volumes of
glacial acetic acid and 25% hydrochloric acid, and shake several times.
Acceptance criteria: A blue color develops within 15 min. 1S (USP36)
Add the following:
• C. Thin-Layer Chromatography
Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS in methanol
Standard solution B: 40 mg/mL of USP Powdered Valerian Extract RS in methanol.
Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: About 0.5 g of Valerian, finely powdered, in 5 mL of methanol. Sonicate
for 10 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 2–10 µm
(HPTLC plates)
Application volume: 5 µL, as 8-mm bands
Developing solvent system: A mixture of cyclohexane, ethyl acetate, and acetic acid
(60:38:2)
Derivatization reagent A: A mixture of glacial acetic acid and hydrochloric acid (1:4)
Derivatization reagent B: 0.5 mL of p-anisaldehyde, 10 mL of acetic acid, and 5 mL of
sulfuric acid. Add to 85 mL of ice-cold methanol, and mix.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable high-performance thin-layer chromatographic
plate. Use a saturated chamber, and condition the plate to a relative humidity of about
33% using a suitable device. Develop the chromatograms over a distance of 6 cm.
Remove the plate from the chamber, dry, derivatize with Derivatization reagent A, heat
at 120 for 5 min, and examine under white light. Derivatize with Derivatization reagent
B, heat at 100 for 3 min, and examine under white light.
Acceptance criteria: After treatment with Derivatization reagent A and heating, the
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Sample solution does not exhibit an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction from Mexican valerian (Valeriana
edulis)], though minor bands may be observed.
After treatment with Derivatization reagent B and heating, the Sample solution exhibits
three violet bands in positions and colors similar to the bands of Standard solution B.
These bands include a minor band in the lower third of the chromatogram due to
hydroxyvalerenic acid, a major band at about the middle the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian (Valeriana wallichii)], and a major
band at an RF corresponding to the valerenic acid band of Standard solution A and
Standard solution B. Other minor bands may be observed in the Sample solution and in
Standard solution B. 1S (USP36)
Add the following:
• D. HPLC
Analysis: Proceed as directed in the test for Content of Valerenic Acids.
Acceptance criteria: The Sample solution exhibits a peak at a retention time
corresponding to the valerenic acid peak of Standard solution A. The Sample solution
shows additional peaks corresponding to hydroxyvalerenic acid and acetoxyvalerenic acid.
1S (USP36)

COMPOSITION
Change to read:
• Content of Valerenic Acid
Acids 1S (USP36)
Mobile phase: A (4:1) mixture of methanol and dilute phosphoric acid (1 in 200)
Standard solution: 0.05 mg/mL of USP Valerenic Acid RS in 70% alcohol
Sample solution: To 2 g of Valerian, reduced to a powder, add 40.0 mL of 70% alcohol.
Shake by mechanical means for 2 h at room temperature. Centrifuge, and use the clear
extract.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the valerenic acid peak
Relative standard deviation: NMT 2.0% for the valerenic acid peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of valerenic acid (C15 H22 O2 ) in the portion of Valerian taken:
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Result = (rU/rS) × CS × (V/W) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Valerenic Acid RS in the Standard solution (mg/mL)
V= volume of the Sample solution, 40 mL
W= weight of Valerian taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 0.05% on the dried basis
Solution A: Mix 6 mL of 85% phosphoric acid with 900 mL of water, dilute with water to
1000 mL, mix, filter, and degas.
Solution B: Mix 6 mL of 85% phosphoric acid with 900 mL of methanol, dilute with
methanol to 1000 mL, mix, filter, and degas.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
40
60
15
5
95
25
5
95
30
40
60
Solvent: A mixture of methanol and a solution of 0.1% phosphoric acid in water (3:1)
Standard solution A: 0.02 mg/mL of USP Valerenic Acid RS in methanol. Sonicate if
necessary.
Standard solution B: Sonicate a portion of USP Powdered Valerian Extract RS in Solvent
to obtain a solution having a concentration of about 20 mg/mL. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of
the filtrate.
Sample solution: To a 50-mL volumetric flask, transfer about 1.0 g of Valerian, finely
powdered and accurately weighed, add 10.0 mL of water, and shake for 2 min while
heating in a water bath maintaned at about 50 . Sonicate for 15 min, add 35 mL of
methanol, and sonicate for 15 min. Cool, dilute with methanol to volume, and mix.
Before injection, pass through a membrane filter of 0.45-µm or finer pore size,
discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 225 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; end-capped, 5-µm 100

packing L1

Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to
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the reference chromatogram provided with the lot of USP Powdered Valerian Extract
RS being used.
Tailing factor: NMT 2.0 for the valerenic acid peak, Standard solution A
Relative standard deviation: NMT 2.0% for the valerenic acid peak in repeated
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the valerenic acids in the Sample solution chromatogram by comparison with
the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Valerian Extract RS being used.
Calculate the percentages of hydroxyvalerenic acid, acetoxyvalerenic acid, and
valerenic acid in the portion of Valerian taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of valerenic acid from Standard solution A
C=
S concentration of valerenic acid in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Valerian taken to prepare the Sample solution (mg)
F= conversion factor for each analyte (1.10 for hydroxyvalerenic acid, 1.25 for
acetoxyvalerenic acid, and 1.00 for valerenic acid)
Acceptance criteria: NLT 0.05% of valerenic acid (C15 H22 O2 ), and NLT 0.17% of total
valerenic acids, calculated as the sum of hydroxyvalerenic acid, acetoxyvalerenic acid,
and valerenic acid on the dried basis 1S (USP36)
• Articles of Botanical Origin, Volatile Oil Determination
Sample: 100 g, freshly and coarsely comminuted
Acceptance criteria: NLT 0.5% on the dried basis

561

CONTAMINANTS
Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.1 µg/g

233

1S (USP36)

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and biletolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms

2022 : It meets the requirements of the tests for
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absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
Change to read:
• Botanic Characteristics
Macroscopic: Rhizome erect, entire or usually cut longitudinally, up to 5 cm in length and
up to 3 cm in diameter, yellowish gray to pale grayish brown, base elongated or
compressed, covered by and merging with numerous roots; apex usually bearing a cupshaped scar from aerial parts, stem bases rarely present; in longitudinal section, pith
exhibiting a central cavity traversed by septa. Roots numerous, slender, almost
cylindrical, and of the same color as the rhizome, about 10 cm in length and up to 3 mm
in diameter; a few filiform, fragile secondary roots; fracture short. Stolon pale yellowish
gray, showing prominent nodes separated by longitudinally striated internodes each from
2 to 5 cm in length; fracture fibrous.
Microscopic: Root, with piliferous layer, of papillosed cells, some being developed into
root hairs; exodermis, or a single layer of quadrangular to polygonal cells with suberized
walls and containing globules of volatile oil; outer cortex of two to four layers of resincontaining cells with thin or collenchymatous, sometimes suberized walls; inner cortex of
numerous layers of polygonal to rounded cells filled with starch. Starch granules simple or
compound; simple granules rounded, from 5 to 15 µm in diameter, sometimes showing a
cleft or stellate hilum; compound granules with 2–6 components, up to 20 µm in
diameter. Endodermis consisting of a single layer of suberized, tangentially elongated
cells, pericycle continuous, starch-filled; parenchyma surrounding the phloem zone;
cambium frequently indistinct; vascular bundles forming an interrupted ring surrounding
the starch-filled cells. Rhizome in transverse section, different from the root, its
structure being complicated by the presence of numerous vascular bundles from root and
stolon; epidermis and exodermis partially replaced by poorly developed periderm; central
pith wide, including cavities of various sizes, the larger ones being separated by plates of
partially sclerified tissue.
Macroscopic: Rhizomes: yellowish-gray to pale grayish-brown; entire or cut
longitudinally; up to 5 cm in length and up to 3 cm in diameter; base elongated or
compressed, covered by and merging with numerous roots; apices usually bearing a cupshaped scar from aerial parts, stem base rarely present, fracture reveals pith with a
central cavity, transverse septum observed in longitudinal cut. Roots: yellowish-gray to
pale grayish-brown with longitudinal stripes, numerous, cylindrical, slender, about 10 cm
in length and up to 3 mm in diameter, a few filiform, fragile secondary roots, fracture
short. Stolons: pale yellowish-gray, showing prominent nodes separated by longitudinally
striated internodes each 2–5 cm in length, fracture fibrous.
Microscopic: Roots: epidermis, pilliferous layer with papillose cells, some developed into
root hairs and exodermis consisting of a single layer of quadrangular to polygonal cells
with suberized walls; oil globules scattered through the epidermis and cortex; cortex,
occupying most of the root, outer part consisting of 2–4 layers of resin-containing
cells, inner part consisting of numerous layers of polygonal to subrounded cells filled
with starch granules, clefts present; endodermis consisting of a single layer of slightly
lignified cells, Casparian dots distinct; pericycle consisting of 1–2 layers of tangentially
elongated cells, sometimes indistinct; phloem, vascular bundles forming an interrupted
ring; cambium frequently indistinct; xylem, continuously distributed, with polygonal
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vessels, surrounding a central pith; pith showing cells with slightly thickened walls
containing starch granules; starch granules, simple, hilum dotted, stellate or cleftshaped, 5–15 µm in diameter; compound starch granules of 2–6 components. Rhizomes:
similar to roots except epidermis and exodermis partially replaced by poorly developed
periderm; presence of numerous vascular bundles; central pith wider, including clefts of
various sizes, the larger being separated by groups of stone cells. 1S (USP36)
• Articles of Botanical Origin, Foreign Organic Matter
• Extractable Matter

561 : NMT 2.0%

Sample: 2 g, carefully dried at 40 and coarsely powdered
Analysis: Mix the Sample with 20 mL of 70% alcohol, and allow to stand for 2 h, shaking
frequently. Filter, evaporate 5 mL of the filtrate on a water bath to dryness, and dry the
residue at 105 .
Acceptance criteria: NLT 20%
Delete the following:
• Articles of Botanical Origin, Water Content 561 : NMT 12.0%

1S (USP36)

Add the following:
• Loss on Drying 731
Sample: 1.0 g of finely powdered Valerian
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12%

1S (USP36)

• Articles of Botanical Origin, Total Ash

561 : NMT 12.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 5.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, store at room temperature, and
protect from light and moisture.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
Change to read:
• USP Reference Standards 11
USP Powdered Valerian Extract RS
USP Valerenic Acid RS

1S (USP36)

BRIEFING
Powdered Valerian, USP 35 page 1464. See briefing under Valerian.
(DS2010: M. Sharaf.)
Correspondence Number—C115085

Comment deadline: July 31, 2012
Powdered Valerian
DEFINITION
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Change to read:
Powdered Valerian is Valerian reduced to a fine or a very fine powder. It contains no calcium
oxalate crystals and no foreign starch granules. It contains NLT 0.3% of volatile oil, NLT 0.04%
of valerenic acid (C15 H22 O2 ),
and NLT 0.1% of total valerenic acids, calculated as the sum of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid, on the dried basis. 1S (USP36)

IDENTIFICATION
Change to read:
• A. Color Reaction
Sample solution: 0.2 g of Powdered Valerian in 5 mL of methylene chloride. Shake several
times, and allow to stand for 5 min. Filter, wash the filter with 2 mL of methylene
chloride, and combine the filtrate and washings in one container. Heat the combined
filtrate and washings on a water bath for the minimum time required to evaporate the
solvent, and dissolve the residue in 0.2 mL of methylene chloride.
Analysis: To 0.1 mL of the Sample solution add 3 mL of a mixture of equal volumes of
glacial acetic acid and 25% hydrochloric acid, and shake several times.
Acceptance criteria: A blue color develops within 15 min.
Meets the requirements for Specific Tests, Botanic Characteristics 1S (USP36)
Change to read:
• B. HPLC Identification Test
Analysis: Proceed as directed in the test for Content of Valerenic Acid.
Acceptance criteria: The Sample solution chromatogram exhibits a peak for valerenic
acid at a retention time that corresponds to that of the Standard solution.
Sample solution: 0.2 g of Powdered Valerian in 5 mL of methylene chloride. Shake
several times, and allow to stand for 5 min. Filter, wash the filter with 2 mL of methylene
chloride, combine the filtrate and washings, and evaporate to dryness. Dissolve the
residue in 0.2 mL of methylene chloride.
Analysis: To 0.1 mL of the Sample solution add 3 mL of a mixture of equal volumes of
glacial acetic acid and 25% hydrochloric acid, and shake several times.
Acceptance criteria: A blue color develops within 15 min. 1S (USP36)
Add the following:
• C. Thin-Layer Chromatography
Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS in methanol
Standard solution B: 40 mg/mL of USP Powdered Valerian Extract RS in methanol.
Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: About 0.5 g of Powdered Valerian in 5 mL of methanol. Sonicate for 10
min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 2–10 µm
(HPTLC plates)
Application volume: 5 µL, as 8-mm bands
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Developing solvent system: A mixture of cyclohexane, ethyl acetate, and acetic acid
(60:38:2)
Derivatization reagent A: A mixture of glacial acetic acid and hydrochloric acid (1:4)
Derivatization reagent B: 0.5 mL of p-anisaldehyde, 10 mL of acetic acid, and 5 mL of
sulfuric acid. Add to 85 mL of ice-cold methanol, and mix.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable high-performance thin-layer chromatographic
plate. Use a saturated chamber, and condition the plate to a relative humidity of about
33% using a suitable device. Develop the chromatograms over a distance of 6 cm.
Remove the plate from the chamber, dry, derivatize with Derivatization reagent A, heat
at 120 for 5 min, and examine under white light. Derivatize with Derivatization reagent
B, heat at 100 for 3 min, and examine under white light.
Acceptance criteria: After treatment with Derivatization reagent A and heating, the
Sample solution does not exhibit an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction from Mexican valerian (Valeriana
edulis)], though minor bands may be observed.
After treatment with Derivatization reagent B and heating, the Sample solution exhibits
three violet bands in positions and colors similar to the bands of Standard solution B.
These bands include a minor band in the lower third of the chromatogram due to
hydroxyvalerenic acid, a major band at about the middle the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian (Valeriana wallichii)], and a major
band at an RF corresponding to the valerenic acid band of Standard solution A and
Standard solution B. Other minor bands may be observed in the Sample solution and in
Standard solution B. 1S (USP36)
Add the following:
• D. HPLC
Analysis: Proceed as directed in the test for Content of Valerenic Acids.
Acceptance criteria: The Sample solution exhibits a peak at a retention time
corresponding to the valerenic acid peak of Standard solution A. The Sample solution
shows additional peaks corresponding to hydroxyvalerenic acid and acetoxyvalerenic acid.
1S (USP36)

COMPOSITION
Change to read:
• Content of Valerenic Acid
Acids 1S (USP36)
Mobile phase: A (4:1) mixture of methanol and dilute phosphoric acid (1 in 200)
Standard solution: 0.05 mg/mL of USP Valerenic Acid RS in 70% alcohol
Sample solution: To 2 g of Powdered Valerian add 40.0 mL of 70% alcohol. Shake by
mechanical means for 2 h at room temperature. Centrifuge, and use the clear extract.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 225 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the valerenic acid peak
Relative standard deviation: NMT 2.0% for the valerenic acid peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of valerenic acid (C15 H22 O2 ) in the portion of Powdered Valerian
taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Valerenic Acid RS in the Standard solution (mg/mL)
V= volume of the Sample solution, 40 mL
W= weight of Powdered Valerian taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 0.04% on the dried basis
Solution A: Mix 6 mL of 85% phosphoric acid with 900 mL of water, dilute with water to
1000 mL, mix, filter, and degas.
Solution B: Mix 6 mL of 85% phosphoric acid with 900 mL of methanol, dilute with
methanol to 1000 mL, mix, filter, and degas.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
40
60
15
5
95
25
5
95
30
40
60
Solvent: A mixture of methanol and a solution of 0.1% phosphoric acid in water (3:1)
Standard solution A: 0.02 mg/mL of USP Valerenic Acid RS in methanol. Sonicate if
necessary.
Standard solution B: Sonicate a portion of USP Powdered Valerian Extract RS in Solvent
to obtain a solution having a concentration of about 20 mg/mL. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of
the filtrate.
Sample solution: To a 50-mL volumetric flask, transfer about 1.0 g of Powdered
Valerian, accurately weighed, add 10.0 mL of water, and shake for 2 min while heating
in a water bath maintaned at about 50 . Sonicate for 15 min, add 35 mL of methanol,
and sonicate for 15 min. Cool, dilute with methanol to volume, and mix. Before
injection, pass through a membrane filter of 0.45-µm or finer pore size, discarding the
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first few mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 225 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; end-capped, 5-µm 100

packing L1

Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Valerian Extract
RS being used.
Tailing factor: NMT 2.0 for the valerenic acid peak, Standard solution A
Relative standard deviation: NMT 2.0% for the valerenic acid peak in repeated
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the valerenic acids in the Sample solution chromatogram by comparison with
the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Valerian Extract RS being used.
Calculate the percentages of hydroxyvalerenic acid, acetoxyvalerenic acid, and
valerenic acid in the portion of Powdered Valerian taken:
Result = (rU/rS) × CS ×(V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of valerenic acid from Standard solution A
C=
S concentration of valerenic acid in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Valerian taken to prepare the Sample solution (mg)
F= conversion factor for each analyte (1.10 for hydroxyvalerenic acid, 1.25 for
acetoxyvalerenic acid, and 1.00 for valerenic acid)
Acceptance criteria: NLT 0.04% of valerenic acid (C15 H22 O2 ), and NLT 0.1% of total
valerenic acids, calculated as the sum of hydroxyvalerenic acid, acetoxyvalerenic acid,
and valerenic acid on the dried basis 1S (USP36)
• Articles of Botanical Origin, Volatile Oil Determination
Sample: 100 g of Powdered Valerian
Acceptance criteria: NLT 0.3%
CONTAMINANTS
Delete the following:

561
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231 : 50 µg/g

1S (USP36)

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.1 µg/g

233

1S (USP36)

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 105
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and biletolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
Change to read:
• Botanic Characteristics
Microscopic: Numerous fragments of parenchyma cells containing globules of volatile oil
and starch granules; fragments of scalariform and reticulate thickened vessels and
tracheids and strongly lignified narrow fibers; fragments of periderm and of piliferous layer
with root hairs; numerous starch granules, rarely simple, mostly compounds of 2–6
components, spheroidal, plano-convex, 3–20, mostly from 8 to 12 µm in diameter with a
central hilum, the starch granules being from 7 to 30 µm in diameter
Numerous starch granules, simple, hilum dotted, stellate or cleft-shaped, 5–15 µm in
diameter; compound starch granules of 2–6 components; black, cruciate shape under a
polarizing microscope. Scattered stone cells, single or aggregated, with cell lumina of
various sizes, bright yellowish-white or bright white under a polarizing microscope;
numerous fragments of parenchyma cells containing globules of volatile oil and starch
granules; fragments of pale yellow lignified fibers, scattered, single or aggregated;
fragments of vessels, reticulate, bordered pitted and spiral. 1S (USP36)
Delete the following:
• Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 2.0%
• Extractable Matter

1S (USP36)

Sample: 2 g of Powdered Valerian, carefully dried at 40
Analysis: Mix the Sample with 20 mL of 70% alcohol, and allow to stand for 2 h, shaking
frequently. Filter, evaporate 5 mL of the filtrate on a water bath to dryness, and dry the
residue at 105 .
Acceptance criteria: NLT 20%
Delete the following:
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• Water, Method 1a 921 : NMT 5.0%

1S (USP36)

Add the following:
• Loss on Drying 731
Sample: 1.0 g of Powdered Valerian
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 12%

1S (USP36)

• Articles of Botanical Origin, Total Ash

561 : NMT 12.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 5.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, store at room temperature, and
protect from light and moisture.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant from which the article was derived.
Change to read:
• USP Reference Standards 11
USP Powdered Valerian Extract RS
USP Valerenic Acid RS

1S (USP36)

BRIEFING
Powdered Valerian Extract, USP 35 page 1465. See briefing under Valerian.
(DS2010: M. Sharaf.)
Correspondence Number—C115087

Comment deadline: July 31, 2012
Powdered Valerian Extract
DEFINITION
Change to read:
Powdered Valerian Extract is prepared from comminuted Valerian and with 70% alcohol or other
suitable solvents. It contains NLT 0.3% of valerenic acid (C15 H22 O2 ). The ratio of the starting
crude plant material to the Extract is between 4:1 and 7:1.
Powdered Valerian Extract is prepared from comminuted Valerian using hydroalcoholic
mixtures. It contains NLT 0.3% of valerenic acid (C15 H22 O2 ), and NLT 0.6% of total valerenic
acids, calculated as the sum of hydroxyvalerenic acid, acetoxyvalerenic acid, and valerenic
acid, on the dried basis. The ratio of the starting crude plant material to the Extract is between
4:1 and 7:1. 1S (USP36)

IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test
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Standard solution: 0.5 mg/mL each of USP Fluorescein RS and USP Valerenic Acid RS, in
methanol
Sample solution: Dissolve 0.2 g of Extract in 2 mL of water, add 3 mL of a 10% aqueous
solution of potassium hydroxide, and extract this mixture with two 5-mL portions of
methylene chloride. Discard the organic phase, heat the aqueous phase on a water bath
at 40 for 10 min, cool, acidify with 7% hydrochloric acid, and extract this solution with
two 5-mL portions of methylene chloride. Dry the organic phase over anhydrous sodium
sulfate, and filter. Evaporate the filtrate to dryness, and dissolve the residue in 1.0 mL of
methylene chloride.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.5-mm layer of chromatographic silica gel mixture
Application volume
Standard solution: 10 µL
Sample solution: 20 µL
Developing solvent system: Solvent hexane, ethyl acetate, and glacial acetic acid (65:
35: 0.5)
Spray reagent: Mix 0.5 mL of anisaldehyde with 10 mL of glacial acetic acid, 85 mL of
methanol, and 5 mL of sulfuric acid, added in the sequence specified.
Analysis
Samples: Standard solution and Sample solution
Spray the plate with Spray reagent. Heat the plate in an oven at 105 for 10 min, and
examine the plate under white light.
Acceptance criteria: The Standard solution chromatogram shows a violet zone due to
valerenic acid at an RF value of 0.4, and a yellow zone due to fluorescein at an RF value of
0.1. The Sample solution chromatogram shows a violet zone due to valerenic acid at an RF
value of 0.4, and a blue-violet zone due to hydroxyvalerenic acid at an RF value of 0.12,
just above the yellow zone in the Standard solution. The chromatogram of the Sample
solution may show other colored zones at RF values lower than those of valerenic acid.
1S (USP36)

Add the following:
• A. Thin-Layer Chromatography
Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS in methanol
Standard solution B: 40 mg/mL of USP Powdered Valerian Extract RS in methanol.
Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: 40 mg/mL of Extract in methanol. Sonicate for 10 min, centrifuge, and
use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 2–10 µm
(HPTLC plates)
Application volume: 5 µL, as 8-mm bands
Developing solvent system: A mixture of cyclohexane, ethyl acetate, and acetic acid
(60:38:2)
Derivatization reagent A: A mixture of glacial acetic acid and hydrochloric acid (1:4)
Derivatization reagent B: 0.5 mL of p-anisaldehyde, 10 mL of acetic acid, and 5 mL of
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sulfuric acid. Add to 85 mL of ice-cold methanol, and mix.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable high-performance thin-layer chromatographic
plate. Use a saturated chamber, and condition the plate to a relative humidity of about
33% using a suitable device. Develop the chromatograms over a distance of 6 cm.
Remove the plate from the chamber, dry, derivatize with Derivatization reagent A, heat
at 120 for 5 min, and examine under white light. Derivatize with Derivatization reagent
B, heat at 100 for 3 min, and examine under white light.
Acceptance criteria: After treatment with Derivatization reagent A and heating, the
Sample solution does not exhibit an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction from Mexican valerian (Valeriana
edulis)], though minor bands may be observed.
After treatment with Derivatization reagent B and heating, the Sample solution exhibits
three violet bands in positions and colors similar to the bands of Standard solution B.
These bands include a minor band in the lower third of the chromatogram due to
hydroxyvalerenic acid, a major band at about the middle the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian (Valeriana wallichii)], and a major
band at an RF corresponding to the valerenic acid band of Standard solution A and
Standard solution B. Other minor bands may be observed in the Sample solution and in
Standard solution B. 1S (USP36)
Change to read:
• B. HPLC Identification Test
Analysis: Proceed as directed in the test for Content of Valerenic Acid.
Acceptance criteria: The Sample solution chromatogram exhibits a peak at a retention
time that corresponds to that of valerenic acid in the Standard solution.
Analysis: Proceed as directed in the test for Content of Valerenic Acids.
Acceptance criteria: The Sample solution exhibits a peak at a retention time
corresponding to the valerenic acid peak of Standard solution A. The Sample solution
shows additional peaks corresponding to hydroxyvalerenic acid and acetoxyvalerenic
acid. 1S (USP36)

COMPOSITION
Change to read:
• Content of Valerenic Acid
Acids 1S (USP36)
Mobile phase: Methanol and water (77:27). Add 0.5 mL of phosphoric acid to each 100
mL of the mixture.
Standard solution: 0.024 mg/mL of USP Valerenic Acid RS in methanol
Sample solution: Transfer a quantity of the Extract, nominally equivalent to 0.6 mg of
valerenic acid, to a 25-mL volumetric flask, and add 15 mL of methanol. Stir for 10 min,
dilute with methanol to volume, mix, and filter.
Chromatographic system
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621 , System Suitability.)

Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor (k¢ ): NLT 5 determined from the valerenic acid peak
Tailing factor: NMT 2.0 for valerenic acid
Relative standard deviation: NMT 2.0% for the valerenic acid peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of valerenic acid (C15 H22 O2 ) in the portion of the Extract taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Valerenic Acid RS in the Standard solution (mg/mL)
C=
U concentration of the Extract in the Sample solution (mg/mL)
Acceptance criteria: NLT 0.3%
Solution A: Mix 6 mL of 85% phosphoric acid with 900 mL of water, dilute with water to
1000 mL, mix, filter, and degas.
Solution B: Mix 6 mL of 85% phosphoric acid with 900 mL of methanol, dilute with
methanol to 1000 mL, mix, filter, and degas.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
40
60
15
5
95
25
5
95
30
40
60
Solvent: A mixture of methanol and a solution of 0.1% phosphoric acid in water (3:1)
Standard solution A: 0.05 mg/mL of USP Valerenic Acid RS in methanol. Sonicate if
necessary.
Standard solution B: Sonicate a portion of USP Powdered Valerian Extract RS in Solvent
to obtain a solution having a concentration of about 20 mg/mL. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of
the filtrate.
Sample solution: Sonicate a portion of Extract in Solvent to obtain a solution having a
concentration of about 20 mg/mL. Before injection, pass through a membrane filter of
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0.45-µm or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 225 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; end-capped, 5-µm 100

packing L1

Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Valerian Extract
RS being used.
Tailing factor: NMT 2.0 for the valerenic acid peak, Standard solution A
Relative standard deviation: NMT 2.0% for the valerenic acid peak in repeated
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the valerenic acids in the Sample solution chromatogram by comparison with
the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Valerian Extract RS being used.
Calculate the percentages of hydroxyvalerenic acid, acetoxyvalerenic acid, and
valerenic acid in the portion of Powdered Valerian Extract taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of valerenic acid from Standard solution A
C=
S concentration of valerenic acid in Standard solution A (mg/mL)
C=
U concentration of the Extract in the Sample solution (mg/mL)
F= conversion factor for each analyte (1.10 for hydroxyvalerenic acid, 1.25 for
acetoxyvalerenic acid, and 1.00 for valerenic acid)
Acceptance criteria: NLT 0.3% of valerenic acid (C15 H22 O2 ), and NLT 0.6% of total
valerenic acids, calculated as the sum of hydroxyvalerenic acid, acetoxyvalerenic acid,
and valerenic acid on the dried basis 1S (USP36)

CONTAMINANTS
Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 1.0 µg/g

233
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Lead: NMT 5.0 µg/g
Mercury: NMT 0.1 µg/g
1S (USP36)

• Articles of Botanical Origin, Pesticide Residues

561 : Meets the requirements

Delete the following:
• Alcohol Determination, Method II 611 : NMT 2.0%, if present

1S (USP36)

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, the coliform
count does not exceed 103 cfu/g, and the Enterobacteriaceae count does not exceed 103
cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus.
SPECIFIC TESTS
• Loss on Drying 731
Sample: 1.0 g of Extract
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 9%
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, store at controlled room temperature,
and protect from moisture and light.
Change to read:
• Labeling: The label states the official name of the article and states also the Latin binomial
and the part of the plant from which the article was prepared. Label it to indicate the
content of valerenic acid, the extracting solvent used for preparation, and the ratio of the
starting crude plant material to the Extract.
The label states the official name of the article, the Latin binomial, and the part of the plant
from which the article was prepared. Label it to indicate the content of valerenic acid and
total valerenic acids, and the ratio of the starting crude plant material to the Extract. It
meets other labeling requirements in Botanical Extracts

565 .

Change to read:
• USP Reference Standards 11
USP Fluorescein RS
USP Powdered Valerian Extract RS
USP Valerenic Acid RS

1S (USP36)

BRIEFING
Valerian Tablets, USP 35 page 1466. See briefing under Valerian.
(DS2010: M. Sharaf.)
Correspondence Number—C115083

1S (USP36)
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Comment deadline: July 31, 2012
Valerian Tablets
DEFINITION
Change to read:
Valerian Tablets contain Powdered Valerian Extract. Tablets contain NLT 90.0% and NMT
120.0% of the labeled amount of Powdered Valerian Extract, calculated as valerenic acid
(C15 H22 O2 ).
calculated as valerenic acids equivalent to the sum of hydroxyvalerenic acid, acetoxyvalerenic
acid, and valerenic acid. 1S (USP36)

IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: 0.5 mg/mL each of USP Fluorescein RS and USP Valerenic Acid RS in
methanol
Sample solution: Transfer an equivalent to 100 mg of Powdered Valerian Extract from
finely powdered Tablets (NLT 10) to a suitable flask. Add 5 mL of water and 3 mL of a
10% aqueous solution of potassium hydroxide, extract this mixture with two 5-mL portions
of methylene chloride, and discard the organic phase. Heat the aqueous phase in a water
bath at 40 for 10 min, cool, acidify with 7% hydrochloric acid, and extract this solution
with two 5-mL portions of methylene chloride. Dry the organic phase over anhydrous
sodium sulfate, filter, evaporate the filtrate to dryness, and dissolve the residue in 1.0 mL
of methylene chloride.
Adsorbent: 0.5-mm layer of chromatographic silica gel mixture
Application volume
Standard solution: 10 µL
Sample solution: 20 µL, in a 2-cm band
Developing solvent system: Solvent hexane, ethyl acetate, and glacial acetic acid
(65:35:0.5)
Spray reagent: Mix 0.5 mL of anisaldehyde with 10 mL of glacial acetic acid, 85 mL of
methanol, and 5 mL of sulfuric acid, added in the sequence specified.
Analysis
Samples: Standard solution and Sample solution
Spray the plate with Spray reagent. Heat the plate in an oven at 105 for 10 min, and
examine the plate under white light.
Acceptance criteria: The Standard solution chromatogram shows a violet zone due to
valerenic acid at an RF value of 0.4, and a yellow zone due to fluorescein at an RF value of
0.1. The Sample solution chromatogram shows a violet zone due to valerenic acid at an RF
value of 0.4, and a blue-violet zone due to hydroxyvalerenic acid at an RF value of 0.12,
just above the yellow zone in the Standard solution. The Sample solution chromatogram
may show other colored zones at RF values lower than those of valerenic acid. 1S (USP36)
Add the following:
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• A. Thin-Layer Chromatography
Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS in methanol
Standard solution B: 40 mg/mL of USP Powdered Valerian Extract RS in methanol.
Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: Finely pulverize NLT 10 Tablets. Transfer an amount of the powder
equivalent to 100 mg of Powdered Valerian Extract to a suitable flask. Add 5 mL of water
and 3 mL of a 10% aqueous solution of potassium hydroxide, extract with two 5-mL
portions of methylene chloride, and discard the organic phase. Heat the aqueous phase in
a water bath at 40 for 10 min, cool, acidify with 7% hydrochloric acid, and extract with
two 5-mL portions of methylene chloride. Dry the organic phase over anhydrous sodium
sulfate, filter, evaporate the filtrate to dryness, and dissolve the residue in 2.0 mL of
methylene chloride.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 2–10 µm
(HPTLC plates)
Application volume: 5 µL, as 8-mm bands
Developing solvent system: A mixture of cyclohexane, ethyl acetate, and acetic acid
(60:38:2)
Derivatization reagent A: A mixture of glacial acetic acid and hydrochloric acid (1:4)
Derivatization reagent B: 0.5 mL of p-anisaldehyde, 10 mL of acetic acid, and 5 mL of
sulfuric acid. Add to 85 mL of ice-cold methanol, and mix.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable high-performance thin-layer chromatographic
plate. Use a saturated chamber, and condition the plate to a relative humidity of about
33% using a suitable device. Develop the chromatograms over a distance of 6 cm.
Remove the plate from the chamber, dry, derivatize with Derivatization reagent A, heat
at 120 for 5 min, and examine under white light. Derivatize with Derivatization reagent
B, heat at 100 for 3 min, and examine under white light.
Acceptance criteria: After treatment with Derivatization reagent A and heating, the
Sample solution does not exhibit an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction from Mexican valerian (Valeriana
edulis)], though minor bands may be observed.
After treatment with Derivatization reagent B and heating, the Sample solution exhibits
three violet bands in positions and colors similar to the bands of Standard solution B.
These bands include a minor band in the lower third of the chromatogram due to
hydroxyvalerenic acid, a major band at about the middle the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian (Valeriana wallichii)], and a major
band at an RF corresponding to the valerenic acid band of Standard solution A and
Standard solution B. Other minor bands may be observed in the Sample solution and in
Standard solution B. 1S (USP36)
Change to read:
• B.
HPLC 1S (USP36)
The retention time of the valerenic acid peak of the Sample solution corresponds to that of
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the Standard solution, as obtained in the test for Content of Valerenic Acid.
Analysis: Proceed as directed in the test for Content of Valerenic Acids.
Acceptance criteria: The Sample solution exhibits a peak at a retention time
corresponding to the valerenic acid peak of Standard solution A. The Sample solution
shows additional peaks corresponding to hydroxyvalerenic acid and acetoxyvalerenic
acid. 1S (USP36)

STRENGTH
Delete the following:
• Content of Valerenic Acid
Mobile phase: Methanol and water (77:27). Add 0.5 mL of phosphoric acid to each 100 mL
of the mixture.
System suitability solution: 24 µg/mL of USP Valerenic Acid RS in methanol
Standard solution: 3.5 µg/mL of USP Valerenic Acid RS in methanol
Sample solution: Weigh NLT 20 Tablets, and pulverize with a mortar and pestle. Transfer a
portion of the powder, nominally equivalent to 0.09 mg of valerenic acid, to a suitable
flask. Add 25.0 mL of methanol, shake to disperse the powder, sonicate for 10 min, and
centrifuge. Use the clear supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Capacity factor, k¢ : NLT 5, determined from valerenic acid
Tailing factor: NMT 2.0 for valerenic acid
Relative standard deviation: NMT 2.0% for valerenic acid
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of Extract as valerenic acid in the portion
of Tablets taken:
Result = (rU/rS) × (CS × V/W) × (100/LE) × (AW × 100/L)
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Valerenic Acid RS in the Standard solution (mg/mL)
V= volume of the Sample solution (mL)
W= weight of the sample of powdered Tablets used to prepare the Sample solution (mg)
AW
= average weight of the Tablets (mg/Tablet)
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LE= labeled amount of valerenic acid in 100 mg of the Extract used to prepare the Tablets
(mg)
L = labeled amount of Extract per Tablet (mg/Tablet)
Acceptance criteria: 90.0%–120.0% 1S (USP36)
Add the following:
• Content of Valerian Extract
Solution A: Mix 6 mL of 85% phosphoric acid with 900 mL of water, dilute with water to
1000 mL, mix, filter, and degas.
Solution B: Mix 6 mL of 85% phosphoric acid with 900 mL of methanol, dilute with methanol
to 1000 mL, mix, filter, and degas.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
40
60
15
5
95
25
5
95
30
40
60
Solvent: A mixture of methanol and a solution of 0.1% phosphoric acid in water (3:1)
Standard solution A: 0.02 mg/mL of USP Valerenic Acid RS in methanol. Sonicate if
necessary.
Standard solution B: Sonicate a portion of USP Powdered Valerian Extract RS in Solvent to
obtain a solution having a concentration of about 20 mg/mL. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Sample solution: Weigh NLT 20 Tablets and pulverize. Transfer a portion of the powder,
nominally equivalent to about 3.0 mg of valerenic acids, to a suitable flask. Add 25.0 mL of
Solvent, shake to disperse the powder, sonicate for 10 min, and centrifuge. Use the clear
supernatant.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 225 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; end-capped, 5-µm 100

packing L1

Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Valerian Extract RS
being used.
Tailing factor: NMT 2.0 for the valerenic acid peak, Standard solution A
Relative standard deviation: NMT 2.0% for the valerenic acid peak in repeated
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injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the valerenic acids in the Sample solution chromatogram by comparison with the
chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Valerian Extract RS being used.
Calculate the percentage of the labeled amount of Powdered Valerian Extract as valerenic
acids (sum of hydroxyvalerenic acid, acetoxyvalerenic acid, and valerenic acid) in the
portion of Tablets taken:
Result = {[S(rU × F)]/rS} × (CS × V/W) × (100/LE) × (AW × 100/L)
rU= peak areas of the relevant analytes from the Sample solution
F= conversion factor for each analyte (1.10 for hydroxyvalerenic acid, 1.25 for
acetoxyvalerenic acid, and 1.00 for valerenic acid)
rS= peak area of valerenic acid from Standard solution A
C=
S concentration of valerenic acid in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of the sample of powdered Tablets used to prepare the Sample solution (mg)
AW
= average weight of the Tablets (mg/Tablet)
LE= labeled amount of valerenic acids in 100 mg of the Powdered Valerian Extract used to
prepare the Tablets (mg)
L = labeled amount of Powdered Valerian Extract per Tablet (mg/Tablet)
Acceptance criteria: 90.0%–120.0% 1S (USP36)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Disintegration
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Microbial Procedures for Absence of Specified Microorganisms 2022 : Meet the
requirements of the tests for absence of Salmonella species and Escherichia coli
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature.
Change to read:
• Labeling: The label states the Latin binomial and, following the official name, the article from
which the Tablets were prepared. The label also indicates the quantity, in mg, of Powdered
Valerian Extract per Tablet and the content, in mg, of valerenic acid per 100 mg of
Powdered Valerian Extract.
as a percentage, of valerenic acids in the Extract. 1S (USP36)
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Change to read:
• USP Reference Standards 11
USP Fluorescein RS
USP Powdered Valerian Extract RS
USP Valerenic Acid RS

1S (USP36)

BRIEFING
Excipients, USP and NF Excipients, Listed by Category, page 5417 of the First
Supplement to NF 30, page 1197 of PF 35(5) [Sept.–Oct. 2009], PF 37(4) [July–Aug. 2011], PF
37(5) [Sept.–Oct. 2011], PF 37(6) [Nov.–Dec. 2011], PF 38(1) [Jan.–Feb. 2012], and PF 38(2)
[Mar.–Apr. 2012]. It is proposed to add Ammonium Glycyrrhizate to the Flavors and Perfumes
and Wetting and/or Solubilizing Agent categories and to add Butyl Palmitostearate and Butyl
Stearate to the Emulsifying and/or Solubilizing Agent, Flavors and Perfumes, and Plasticizer
categories to complement the proposed new monographs for Ammonium Glycyrrhizate, Butyl
Palmitostearate, and Butyl Stearate, which appear elsewhere in this issue of PF.
(EM1; EM2.)

Correspondence Number—C75939; C108249; C108578

In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.
Change to read:
Emulsifying and/or Solubilizing Agent
Butyl Palmitostearate

Butyl Stearate

1S (NF31)

1S (NF31)

Change to read:
Flavors and Perfumes
Ammonium Glycyrrhizate

Butyl Palmitostearate

Butyl Stearate
Change to read:
Plasticizer

1S (NF31)

1S (NF31)

1S (NF31)
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Butyl Palmitostearate

Butyl Stearate

1S (NF31)

1S (NF31)

Change to read:
Wetting and/or Solubilizing Agent
Ammonium Glycyrrhizate

1S (NF31)

BRIEFING
Ammonium Glycyrrhizate. Because there is no existing NF monograph for this excipient, a
new monograph based on validated data is proposed. The liquid chromatographic procedure
in the test for Content of Ammonium 18 - and 18 -Glycyrrhizate is based on analyses
performed using the µBondapak C18 brand of column that contains 5-µm or 10-µm packing
L1. The typical retention times for 24-hydroxyglycyrrhizinic acid, 18 -glycyrrhizic acid, and
18 -glycyrrhizic acid are 4.3, 5.9, and 7.1 min, respectively.
(EXC: H. Wang. NOM: A. Wilk.)
Correspondence Number—C75939

Comment deadline: July 31, 2012
Add the following:
Ammonium Glycyrrhizate

C42 H62 O16 ·NH3

840.08

Monoammonium glycyrrhizinate;
Glycyrrhizic acid ammonium salt;
-d-Glucopyranosiduronic acid, (3 ,20 )-20-carboxy-11-oxo-30-norolean-12-en-3-yl 2-O-d-glucopyranuronosyl-, ammonium salt (1:1);
-d-Glucopyranosiduronic acid, (3 ,20 )-20-carboxy-11-oxo-30-norolean-12-en-3-yl 2-O-d-glucopyranuronosyl-, monoammonium salt
[53956-04-0].
DEFINITION
Ammonium Glycyrrhizate is a mixture of ammonium 18 - and 18 -glycyrrhizate (ammonium salt
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of (20 )-3 -[[2-O-( -d-glucopyranosyluronic acid)- -d-glucopyranosyluronic acid]oxy]-11oxoolean-12-en-29-oic acid), and the 18 -isomer is the main component. It contains NLT
78.0% and NMT 102.0% of ammonium 18 - and 18 -glycyrrhizate, on the anhydrous basis.
IDENTIFICATION
• A. The retention times of the peaks of 18 - and 18 -glycyrrhizic acid from the Sample
solution correspond to those from the System suitability solution, as obtained in the
Content of Ammonium 18 - and 18 -Glycyrrhizate. [Note—The peak of 18 -glycyrrhizic
acid could be absent in the Sample solution. ]
• B. Identification Tests—General, Ammonium 191
Acceptance criteria: Meets the requirements
ASSAY
• Content of Ammonium 18 - and 18 -Glycyrrhizate
Mobile phase: Acetonitrile, glacial acetic acid, and water (38:1:61)
Standard solution: 0.5 mg/mL of USP Glycyrrhizic Acid RS in Mobile phase
System suitability solution: 0.5 mg/mL of USP Ammonium Glycyrrhizate RS in Mobile
phase
Sample solution: 0.5 mg/mL of Ammonium Glycyrrhizate in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm analytical column; 5–10 µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times of 18 -glycyrrhizic acid and 18 -glycyrrhizic acid are
about 1.0 and 1.2, respectively, System suitability solution. ]
Suitability requirements
Resolution: NLT 2.0 between the peaks due to 18 -glycyrrhizic acid and 18 glycyrrhizic acid, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution, System suitability solution, and Sample solution
Determine the peak areas for each isomer (18 -glycyrrhizic acid or 18 -glycyrrhizic
acid).
Calculate the percentage of ammonium 18 -glycyrrhizate (or ammonium 18 glycyrrhizate) in the portion of Ammonium Glycyrrhizate taken:
Result = (rU/rS) × (CS/CU) × (MW(Salt)/MW(Acid)) × 100
rU

= peak area of the 18 -glycyrrhizic acid (or 18 -glycyrrhizic acid) in the Sample
solution
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rS

= peak area of the 18 -glycyrrhizic acid in the Standard solution
CS
= concentration of the USP Glycyrrhizic Acid RS in the Standard solution (mg/mL)
CU = concentration of the Sample solution (mg/mL)
MW(Salt)= molecular weight of ammonium glycyrrhizate, 840.08 g/mol
MW(Acid)
= molecular weight of glycyrrhizic acid, 821.59 g/mol
Acceptance criteria: The total percentage of ammonium 18 -glycyrrhizate and ammonium
18 -glycyrrhizate is 78.0%–102.0%, and the percentage of ammonium 18 -glycyrrhizate
is NMT 13.0%, on the anhydrous basis.
IMPURITIES
• Residue on Ignition 281
Sample: 1.0 g
Acceptance criteria: NMT 0.5%
• Limit of Organic Impurities
Mobile phase, System suitability solution, and Chromatographic system: Proceed as
directed in Content of Ammonium 18 - and 18 -Glycyrrhizate
Sample solution: 1.0 mg/mL of Ammonium Glycyrrhizate in the Mobile phase
Reference solution A: 0.05 mg/mL of Ammonium Glycyrrhizate in the Mobile phase,
prepared from the Sample solution
Reference solution B: 0.057 mg/mL of Ammonium Glycyrrhizate in the Mobile phase,
prepared from the Sample solution
System suitability
Sample: System suitability solution
[Note—The relative retention times for 24-hydroxyglycyrrhizinic acid, 18 -glycyrrhizic
acid, and 18 -glycyrrhizic acid are about 0.7, 1.0 and 1.2, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between the peaks due to 18 -glycyrrhizic acid and 18 glycyrrhizic acid
Analysis
Samples: System suitability solution, Reference solution A, Reference solution B, and
Sample solution
Acceptance criteria: See Table 1.
Table 1

Name
24Hydroxyglycyrrhizinic
acida

Relative
Retention
Time

0.7
—

Any other impurity
Sum of other
impurities

—

Acceptance
Criteria
NMT the sum of the areas of the peaks in the
chromatogram from Reference solution B,
corresponding to NMT 5.7%
For each impurity, NMT 0.4 times the sum of the areas
of the peaks in the chromatogram from Reference
solution A, corresponding to NMT 2.0%
NMT 1.6 times the sum of the areas of the peaks in the
chromatogram from Reference solution A,
corresponding to NMT 8.0%
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—
Disregard limit

0.04 times the sum of the areas of the peaks in the
chromatogram from Reference solution A,
corresponding to 0.2%

a (4 ,20 )-3 -[[2-O-( -d-Glucopyranosyluronic acid)- -d-glucopyranosyluronic
acid]oxy]-23-hydroxy-11-oxoolean-12-en-29-oic acid.
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781
Sample solution: 10.0 mg/mL of Ammonium Glycyrrhizate in 50% ethanol
Acceptance criteria: +49.0 to +55.0 on the anhydrous basis
• Water, Method Ia 921
Sample: 0.25 g
Acceptance criteria: NMT 6.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store in a cool, dry place.
• USP Reference Standards 11
USP Ammonium Glycyrrhizate RS
USP Glycyrrhizic Acid RS
1S (NF31)

BRIEFING
Butane, NF 30 page 1717. It is proposed to update the support used in the Assay test.
(HDQ: M. Marques.)
Correspondence Number—C112686

Comment deadline: July 31, 2012
Butane
C4 H10
n-Butane

58.12
[106-97-8].

DEFINITION
Butane contains NLT 97.0% of butane (C4 H10 ).
[Caution—Butane is highly flammable and explosive. ]
IDENTIFICATION
• A. Infrared Absorption: Exhibits maxima, among others, at the following wavelengths, in
µm: 3.4 (vs), 6.8 (s), 7.2 (m), and 10.4 (m).
• B.
Sample: Use an empty stainless steel cylinder equipped with a stainless steel valve, having
a capacity of NLT 200 mL, and a pressure rating of 240 psi or more. Dry the cylinder with
the valve open at 110 for 2 h, and evacuate the hot cylinder to less than 1 mm of
mercury. Close the valve, cool, and weigh. Connect one end of a charging line tightly to
the butane container and the other end loosely to the empty cylinder. Carefully open the
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butane container, and allow the butane to flush out the charging line through the loose
connection. Avoid excessive flushing, which causes moisture to freeze in the charging line
and connections. Tighten the fitting on the empty cylinder, and open the empty cylinder
valve, allowing the butane to flow into the evacuated cylinder. Continue sampling until the
desired amount of butane is obtained, then close the butane container valve, and finally
close the sample cylinder valve. [Caution—Do not overload the sample cylinder; hydraulic
expansion due to temperature change can cause overloaded cylinders to explode. ] Weigh
the charged sample cylinder, and determine the the weight.
Analysis: Determine the vapor pressure of the Sample at 21 by means of a suitable
pressure gauge.
Acceptance criteria: 205–235 kPa absolute (30–34 psia)
ASSAY
Change to read:
• Procedure
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: 3-mm × 6-m aluminum; packed with 10 weight percent of liquid phase G30 on
nonacid-washed support S1C
support S1D 1S (NF31)
Column temperature: 33
Carrier gas: Helium
Flow rate: 50 mL/min
Injection volume: 2 µL
System suitability
Sample: n-Butane
Suitability requirements: The peak responses of n-butane in the chromatograms from
duplicate determinations agree within 1%.
Analysis
Samples: Connect one Butane cylinder to the chromatograph through a suitable sampling
valve and a flow control valve downstream from the sampling valve. Flush the liquid
specimen through the sampling valve, taking care to avoid entrapment of gas or air in
the sampling valve.
Calculate the purity by dividing 100 times the n-butane response by the sum of all of
the responses.
Acceptance criteria: NLT 97.0%
SPECIFIC TESTS
• High-Boiling Residues
Sample: Use the Sample from Identification test B.
Analysis: Prepare a cooling coil from copper tubing (about 6-mm outside diameter × about
6.1-m long) to fit into a vacuum-jacketed flask. Immerse the cooling coil in a mixture of
dry ice and acetone in a vacuum-jacketed flask, and connect one end of the tubing to
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the Sample. Carefully open the sample cylinder valve, flush the cooling coil with about 50
mL of the Sample, and discard this portion of liquefied sample. Continue delivering liquefied
sample from the cooling coil, and collect it in a previously chilled 1000-mL sedimentation
cone until the cone is filled to the 1000-mL mark. Allow the sample to evaporate, using a
warm water bath maintained at about 40 to reduce evaporating time. When all of the
liquid has evaporated, rinse the sedimentation cone with two 50-mL portions of pentane,
and combine the rinsings in a tared 150-mL evaporating dish. Transfer 100 mL of the
pentane solvent to a second tared 150-mL evaporating dish, place both evaporating
dishes on a water bath, evaporate to dryness, and heat the dishes in an oven at 100 for
60 min. Cool the dishes in a desiccator, and weigh. Repeat the heating for 15-min periods
until successive weighings are within 0.1 mg, and calculate the weight of the residue
obtained from the Sample as the difference between the weights of the residues in the
two evaporating dishes.
Acceptance criteria: NMT 5 µg/mL
• Acidity of Residue
Sample solution: Add 10 mL of water to the residue obtained in the test for High-Boiling
Residues.
Analysis: Mix the Sample solution by swirling for 30 s, add 2 drops of methyl orange TS,
insert the stopper in the tube, and shake vigorously.
Acceptance criteria: No pink or red color appears in the aqueous layer.
• Limit of Sulfur Compounds
Analysis: Carefully open the container valve to produce a moderate flow of gas. Do not
direct the gas stream toward the face, but deflect a portion of the stream toward the
nose.
Acceptance criteria: The odor is free from the characteristic odor of sulfur compounds.
• Water Determination 921
Sample: 100 g of the Sample from Identification test B
Analysis: Proceed as directed in the chapter with the following modifications. (a) Provide
the closed-system titrating vessel with an opening through which passes a coarseporosity gas dispersion tube connected to a sampling cylinder. (b) Dilute the Reagent with
anhydrous methanol to give a water equivalence factor of 0.2–1.0 mg/mL; age this diluted
solution for NLT 16 h before standardization. (c) Introduce the Sample into the titration
vessel through the gas dispersion tube at a rate of about 100 mL/min; if necessary, heat
the sample cylinder gently to maintain this flow rate.
Acceptance criteria: NMT 0.001%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight cylinders, and prevent exposure to excessive
heat.
BRIEFING
Butyl Alcohol. NF 30 page 1717. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Update the monograph Definition. Add the chemical structure, chemical names, and CAS
number.
2.
Add two Identification tests. One is based on IR identification using USP 1-Butanol RS,
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and the second is based on GC peak agreement with USP 1-Butanol RS under a
newly proposed Assay.
3.
The GC procedure in the Assay and the test for Limit of Butyraldehyde, 2-Butanol,
Isobutyl Alcohol (2-Methyl-1-Propanol), and Butyl Ether is based on analyses
performed using the Agilent/J&W Scientific DB-624 brand of G43 column. The typical
retention times for butyraldehyde, 2-butanol, isobutyl alcohol (2-methyl-1-propanol),
1-butanol, and butyl ether are 7.0, 8.2, 10.5, 15.3, and 27.1 min, respectively.
4.
Replace the test for Butyl Ether using a packed GC column with a test for Limit of
Butyraldehyde, 2-Butanol, Isobutyl Alcohol (2-Methyl-1-Propanol), and Butyl Ether
based on a GC procedure using a wide-bore column.
5.
Delete the test for Aldehydes.
6.
Delete the test for Specific Gravity.
7.
Delete the test for Distilling Range.
(EXC: H. Wang.)
Correspondence Number—C108941

Comment deadline: July 31, 2012
Butyl Alcohol
Add the following:

CH3 CH2 CH2 CH2 OH
1-Butanol;
1-Butyl alcohol;
n-Butanol;
n-Butyl alcohol

74.12

[71-36-3].

1S (NF31)

DEFINITION
Change to read:
Butyl Alcohol is n-butyl alcohol.
It contains NLT 99.5% of n-butyl alcohol (C4 H10 O).

1S (NF31)

IDENTIFICATION
Add the following:
• A. Infrared Absorption 197F

1S (NF31)

Add the following:
• B. The retention time of the major peak from the Sample solution corresponds to the 1butanol peak from the System suitability solution, as obtained in the Assay. 1S (NF31)
ASSAY
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Add the following:
• Procedure
System suitability solution: USP 1-Butanol RS and USP 2-Methyl-1-Propanol RS (1:1)
Sample solution: Butyl Alcohol (neat)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m wide-bore; coated with a 3.0-µm thickness of phase G43
Temperatures
Detector: 250
Injection port: 140
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
40
—
40
20
40
10
240
20
Carrier gas: Helium
Flow rate: 4.8–4.9 mL/min
Injection volume: 1 µL
Injection type: Split injection, split ratio is 30:1
[Note—A needle wash is recommended to minimize the carry-over. ]
System suitability
Sample: System suitability solution
[Note—The 2-methyl-1-propanol peak typically shows at about 11 min, and the 1-butanol
peak at about 15 min. See Table 2. ]
Table 2
Relative
Retention Time
Component
(RRT)
2-Methyl-1-propanol
0.7
1-Butanol
1.0
System suitability requirements
Resolution: NLT 2.0 between 2-methyl-1-propanol and 1-butanol
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
Calculate the percentage of butyl alcohol in the portion of sample taken:
Result = (rU/rT) × 100
r=
U peak response of butyl alcohol
r=
T sum of all the peaks except the peaks due to artifact and peaks below the Disregard
limit (see Table 4)
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1S (NF31)

IMPURITIES
Delete the following:
• Butyl Ether
Sample: Butyl Alcohol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Thermal-conductivity detector
Column: 6-mm × 2-m stainless steel column packed with 25% liquid phase G29 3,3¢thiodipropionitrile on 30- to 40-mesh support S1C
Column temperature: 85
Carrier gas: Helium
Flow rate: 75 mL/min
Injection size: 10 µL
Analysis
Sample: Sample
[Note—The retention times for butyl ether, 2-butanol, water, isobutyl alcohol, and butyl
alcohol are approximately 6.0, 12.0, 17.0, 18.0, and 25.0 min, respectively. ]
Acceptance criteria: The response due to butyl ether is NMT 0.2% of the sum of all of the
responses. 1S (NF31)
Add the following:
• Limit of Butyraldehyde, 2-Butanol, Isobutyl Alcohol (2-Methyl-1-Propanol), and
Butyl Ether
Reference solution: 0.1% of Butyl Alcohol in water
Standard solution: 0.2% of USP Butyraldehyde RS, 0.2% of butyl ether, 0.1% of USP 2Methyl-1-Propanol RS, and 0.1% of USP 2-Butanol RS in Butyl Alcohol
Sample solution and Chromatographic system: Proceed as directed in the Assay.
System suitability
Sample: Standard solution
[Note—See Table 3. ]
Table 3
Relative
Retention Time
Component
(RRT)
Butyraldehyde
0.45
2-Butanol
0.5
2-Methyl-1-propanol
0.7
1-Butanol
1.0
Butyl ether
1.8
System suitability requirements
Resolution: NLT 1.5 between all adjacent peaks
Analysis
Samples: Reference solution, Standard solution, and Sample solution
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If any peaks are present in the chromatogram from the Sample solution that have the
same retention times as the peaks due to butyraldehyde, 2-butanol, isobutyl alcohol (2methyl-1-propanol), and butyl ether, subtract the areas of any such peaks from the
peak areas at these retention times in the chromatogram from the Standard solution.
Result (Dr) = rS

rU

r=
S peak response of each individual impurity (butyraldehyde, 2-butanol, isobutyl alcohol,
or butyl ether) in the Standard solution
r=
U peak response of each individual impurity (butyraldehyde, 2-butanol, isobutyl alcohol,
or butyl ether), if present, in the Sample solution
Acceptance criteria: See Table 4.
Table 4
Percentage
Impurity
(%)
In the chromatogram from the Sample solution, the area of any peak
corresponding to butyraldehyde, rU, is NMT half of the difference (Dr)
between the area of the peak due to butyraldehyde in the chromatogram
from the Standard solution and the area of the peak due to butyraldehyde in
Butyraldehyde the chromatogram from the Sample solution, corresponding to NMT 0.1%.
In the chromatogram from the Sample solution, the area of any peak
corresponding to 2-butanol, rU, is NMT the difference (Dr) between the area
of the peak due to 2-butanol in the chromatogram from the Standard
solution and the area of the peak due to 2-butanol in the chromatogram
2-Butanol
from the Sample solution, corresponding to NMT 0.1%.
In the chromatogram from the Sample solution, the area of any peak
corresponding to 2-methyl-1-propanol, rU, is NMT the difference (Dr)
Isobutyl
between the area of the peak due to 2-methyl-1-propanol in the
alcohol (2- chromatogram from the Standard solution and the area of the peak due to
Methyl-1- 2-methyl-1-propanol in the chromatogram from the Sample solution,
propanol)
corresponding to NMT 0.1%.
In the chromatogram from the Sample solution, the area of any peak
corresponding to butyl ether, rU, is NMT the difference (Dr) between the
area of the peak due to butyl ether in the chromatogram from the Standard
solution and the area of the peak due to butyl ether in the chromatogram
Butyl ether
from the Sample solution, corresponding to NMT 0.2%.
0.1 times the area of the major peak in the chromatogram from the Reference
Disregard limit solution, corresponding to 0.01%
1S (NF31)

SPECIFIC TESTS
Delete the following:
• Specific Gravity

841 : 0.807–0.809

1S (NF31)

Delete the following:
• Distilling Range, Method II 721 : Butyl Alcohol distills within a range of 1.5 , including
117.7 . 1S (NF31)
• Acidity
Sample: 74 mL (60 g)
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Analysis: Titrate the Sample with 0.020 N alcoholic potassium hydroxide, using
phenolphthalein TS as the indicator, until a pink color persists for NLT 15 s.
Acceptance criteria: NMT 2.5 mL is consumed.
• Water Determination, Method I
• Limit of Nonvolatile Residue
Sample: 100 mL

921 : NMT 0.1%

Analysis: Evaporate the Sample in a tared porcelain dish on a steam bath, and dry at 105
for 30 min.
Acceptance criteria: The weight of the residue does not exceed 4 mg (0.004%).
Delete the following:
• Aldehydes
Sample: 10 mL
Analysis: To 10 mL of silver-ammonia-nitrate TS in a test tube add the Sample, and mix.
Allow the mixture to stand in a dark place for 30 min
Acceptance criteria: No color is produced, although a slight precipitate may form at the
interface of the two layers. 1S (NF31)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and prevent exposure to excessive
heat.
Add the following:
• USP Reference Standards
USP Butyraldehyde RS
USP 1-Butanol RS
USP 2-Butanol RS
USP 2-Methyl-1-Propanol RS

11

1S (NF31)

BRIEFING
Butyl Palmitostearate, The previous proposal on page 1502 of PF 35(6) is cancelled.
Correspondingly, two new monographs, Butyl Palmitostearate and Butyl Stearate, are
developed.
It is proposed to add the new excipient monograph, Butyl Palmitostearate, based on the
validated methods and analyses. The test for Content of Butyl Palmitate and Butyl Stearate
is based on gas chromatography (GC) analyses performed with the Agilent HP-5 brand of
G27 column with flame-ionization detection. The typical retention times for the components
in the Butyl Palmitostearate are about 41.5 min for butyl palmitate and 45.6 min for butyl
stearate.
(EXC: H. Wang.)
Correspondence Number—C108578

Comment deadline: July 31, 2012
Add the following:
Butyl Palmitostearate
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DEFINITION
Butyl Palmitostearate is a mixture of the butyl ester of stearic acid (C18 H36 O2 ) and the butyl
ester of palmitic acid (C16 H32 O2 ). It contains 40.0%–80.0% of butyl stearate (C22 H44 O2 ). The
total percentage of butyl stearate (C22 H44 O2 ) and butyl palmitate (C20 H40 O2 ) is NLT 90.0%.
IDENTIFICATION
• A. It meets the requirements of the test for Content of Butyl Palmitate and Butyl Stearate.
ASSAY
• Content of Butyl Palmitate and Butyl Stearate
Standard solution A: 2.0 mg/mL of USP Butyl Stearate RS in chloroform
Standard solution B: 1.0 mg/mL of USP Butyl Palmitate RS in chloroform
System suitability solution: 1.4 µg/mL of USP Butyl Stearate RS and 1.0 µg/mL of USP
Butyl Palmitate RS in chloroform, prepared from Standard solution A, Standard solution B,
and chloroform
Sample solution: 2.0 mg/mL of Butyl Palmitostearate in chloroform
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m capillary; bonded with a 0.25-µm layer of thickness of phase
G27
Temperatures
Detector: 280
Injection port: 280
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
—
60
2
60
4
250
20.5
Carrier gas: Helium
Flow rate: 1.4 mL/min
Injection volume: 1 µL
Injection type: Split injection, split ratio is 5:1
System suitability
Samples: Standard solution A and System suitability solution
[Note—The relative retention times for butyl palmitate and butyl stearate are 0.91 and
1.00, respectively. ]
System suitability requirements
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Resolution: NLT 20 between butyl palmitate and butyl stearate, System suitability
solution
Tailing factor: NMT 2.0 for the butyl stearate peak, System suitability solution
Relative standard deviation: NMT 3.0% for the butyl stearate peak, Standard solution
A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the butyl palmitate and butyl stearate peaks in the Sample solution based on
those in Standard solution A and Standard solution B.
Calculate the percentage of butyl palmitate or butyl stearate in the portion of Butyl
Palmitostearate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of butyl palmitate or butyl stearate from the Sample solution
rS= peak response of butyl palmitate from Standard solution B or peak response of butyl
stearate from Standard solution A
C=
S concentration of USP Butyl Palmitate RS in Standard solution B or concentration of USP
Butyl Stearate RS in Standard solution A
C=
U concentration of Butyl Palmitostearate in the Sample solution
Acceptance criteria
Content of butyl stearate: 40.0%–80.0%
Sum of butyl stearate and butyl palmitate: NLT 90.0%
SPECIFIC TESTS
• Melting Range or Temperature, Class II
• Fats and Fixed Oils, Acid Value
• Fats and Fixed Oils, Iodine Value

401 : NMT 0.5
401 : NMT 1.0

• Fats and Fixed Oils, Saponification Value
• Water Determination, Method Ia

741 : 17 –24

401 : 165–180

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
Keep away from heat and sources of ignition.
• USP Reference Standards
USP Butyl Palmitate RS
USP Butyl Stearate RS

11

1S (NF31)

BRIEFING
Butyl Stearate. The previous proposal on page 1502 of PF 35(6) is cancelled.
Correspondingly, two new monographs, Butyl Palmitostearate and Butyl Stearate, are
developed.
It is proposed to add the new excipient monograph, Butyl Stearate, based on the validated
methods and analyses. The test for Content of Butyl Palmitate and Butyl Stearate is based
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on gas chromatography (GC) analyses performed with the Agilent HP-5 brand of G27 column
with flame-ionization detection. The typical retention times for the components in the Butyl
Stearate are about 41.5 min for butyl palmitate and 45.6 min for butyl stearate.
(EXC: H. Wang.)
Correspondence Number—C108249

Comment deadline: July 31, 2012
Add the following:
Butyl Stearate
C22 H44 O2

340.59

Octadecanoic acid, butyl ester;
Butyl octadecanoate
[123-95-5].
DEFINITION
Butyl Stearate consists of the esters of butyl alcohol and fatty acids composed chiefly of
stearic acid (C18 H36 O2 ) and minor amount of palmitic acid (C16 H32 O2 ). It contains NLT 90.0%
of butyl stearate [C22 H44 O2 (MW 340.59)], and the total of butyl stearate [C22 H44 O2 ] and
butyl palmitate [C20 H40 O2 (MW 312.53)] is NLT 96.0%.
IDENTIFICATION
• A. It meets the requirements of the test for Content of Butyl Palmitate and Butyl Stearate.
ASSAY
• Content of Butyl Palmitate and Butyl Stearate
Standard solution A: 2.0 mg/mL of USP Butyl Stearate RS in chloroform
Standard solution B: 0.2 mg/mL of USP Butyl Palmitate RS in chloroform
System suitability solution: 1.4 µg/mL of USP Butyl Stearate RS and 1.0 µg/mL of USP
Butyl Palmitate RS in chloroform, prepared from Standard solution A, Standard solution B,
and chloroform
Sample solution: 2.0 mg/mL of Butyl Stearate in chloroform
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m capillary; bonded with a 0.25-µm layer of thickness of phase
G27
Temperatures
Detector: 280
Injection port: 280
Column: See Table 1
Table 1
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Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
—
60
2
60
4
250
20.5
Carrier gas: Helium
Flow rate: 1.4 mL/min
Injection volume: 1 µL
Injection type: Split injection, split ratio is 5:1
System suitability
Samples: System suitability solution and Standard solution A
[Note—The relative retention times for butyl palmitate and butyl stearate are 0.91 and
1.00, respectively. ]
System suitability requirements
Resolution: NLT 20 between butyl palmitate and butyl stearate, System suitability
solution
Tailing factor: NMT 2.0 for the butyl stearate peak, System suitability solution
Relative standard deviation: NMT 3.0% for the butyl stearate peak, Standard solution
A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the butyl palmitate and butyl stearate peaks in the Sample solution based on
those in Standard solution A and Standard solution B.
Calculate the percentage of butyl palmitate or butyl stearate in the portion of Butyl
Stearate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of butyl palmitate or butyl stearate from the Sample solution
rS= peak response of butyl palmitate from Standard solution B or peak response of butyl
stearate from Standard solution A
C=
S concentration of USP Butyl Palmitate RS in Standard solution B or concentration of USP
Butyl Stearate RS in Standard solution A
C=
U concentration of Butyl Stearate in the Sample solution
Acceptance criteria: NLT 90.0% of butyl stearate and NLT 96.0% for the sum of butyl
stearate and butyl palmitate
SPECIFIC TESTS
• Melting Range or Temperature, Class II
• Fats and Fixed Oils, Acid Value
• Fats and Fixed Oils, Iodine Value

401 : NMT 0.5
401 : NMT 1.0

• Fats and Fixed Oils, Saponification Value
• Water Determination, Method Ia
ADDITIONAL REQUIREMENTS

741 : 19 –24

401 : 165–180

921 : NMT 0.5%
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• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
Keep away from heat and sources of ignition.
• USP Reference Standards
USP Butyl Palmitate RS
USP Butyl Stearate RS

11

1S (NF31)

BRIEFING
Cyclomethicone, NF 30 page 1778. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Update the chemical name.
2.
The Assay is revised to replace the packed-column gas chromatography procedure with
a capillary-column procedure. The proposed procedure is based on analyses
performed with the Alltech AT-1 brand of G1 column. The typical retention times for
cyclomethicone 4, cyclomethicone 5, and cyclomethicone 6 are 19.1, 22.2, and 26.5
min, respectively.
3.
Clarify the Packaging and Storage section.
(EXC: H. Wang.)
Correspondence Number—C95847

Comment deadline: July 31, 2012
Cyclomethicone
Change to read:

(C2 H6 OSi)n
Cyclopolydimethylsiloxane;
Cyclomethicone
Cyclic polydimethylsiloxanes;
Cyclodimethicone 1S (NF31)
[69430-24-6].
DEFINITION
Cyclomethicone is a fully methylated cyclic siloxane containing repeating units of [ (CH3 )2 SiO
]n, in which n is 4, 5, 6, or a mixture of them. It contains NLT 98.0% of (C2 H6 OSi)n, calculated
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as the sum of cyclomethicone 4, cyclomethicone 5, and cyclomethicone 6, and NLT 95.0% and
NMT 105.0% of the labeled amount of any one or more of the individual cyclomethicone
components.
IDENTIFICATION
• A. Infrared Absorption 197S
Sample: Use neat liquids.
Acceptance criteria: The IR absorption spectrum exhibits maxima only at the same
wavelengths as that of a similar preparation of USP Cyclomethicone 4 RS, USP
Cyclomethicone 5 RS, or USP Cyclomethicone 6 RS.
ASSAY
Change to read:
• Procedure
Standard solution A: USP Cyclomethicone 4 RS
Standard solution B: USP Cyclomethicone 5 RS
Standard solution C: USP Cyclomethicone 6 RS
Sample solution: Cyclomethicone
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Thermal conductivity
Column: 3.66-m × 3-mm; packed with 20% liquid phase G1 on 60- to 80-mesh packing
S1A
Temperatures
Injection port: 300
Detector: 350
Column: See Table 1.
Table 1
Initial
TemperatureFinal
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
(min)
( )
( /min)
( )
125
8
320
—
Carrier gas: Helium
Flow rate: 20 mL/min
Injection volume: 1 µL
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Calculate the percentage of cyclomethicone 4, cyclomethicone 5, and cyclomethicone 6
by dividing 100 times the response of each peak at the retention time of the
corresponding reference standard by the sum of all of the responses in the
chromatogram. The percentages obtained from duplicate injections agree to within
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1.0%.
Calculate the percentage purity by adding the percentages of cyclomethicone 4,
cyclomethicone 5, and cyclomethicone 6.
Acceptance criteria
Sum of cyclomethicone 4, cyclomethicone 5, and cyclomethicone 6: NLT 98.0%
of (C2 H6 OSi)n
Labeled amount: 95.0%–105.0% of the labeled amount of any one or more of the
individual cyclomethicone components
Standard solution A: USP Cyclomethicone 4 RS (neat)
Standard solution B: USP Cyclomethicone 5 RS (neat)
Standard solution C: USP Cyclomethicone 6 RS (neat)
Sample solution: Cyclomethicone (neat)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 60-m fused silica; coated with a 1.0-µm film of phase G1
Temperatures
Injection port: 250
Detector: 300
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
—
60
5
60
10
200
15
200
5
225
5
Carrier gas: Helium
Flow rate: 1 mL/min
Injection volume: 1 µL
Injection type: Split ratio 1:20
System suitability
Samples: Standard solution A, Standard solution B, and Standard solution C
[Note—See Table 2. ]
Table 2
Relative
Name
Retention Time
Cyclomethicone 4
0.9
Cyclomethicone 5
1.0
Cyclomethicone 6
1.2
Suitability requirements
Relative standard deviation: NMT 2.0% for cyclomethicone 4, cyclomethicone 5,
and cyclomethicone 6, Standard solution A, Standard solution B, and Standard
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solution C
Calculate the percentage of cyclomethicone 4, cyclomethicone 5, and cyclomethicone
6 by dividing 100 times the response of each peak at the retention time of the
corresponding reference standard by the sum of all of the responses in the
chromatogram. The percentages obtained from duplicate injections agree to within
1.0%.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Calculate the percentage of cyclomethicone 4 (cyclomethicone 5 or cyclomethicone
6) in the portion of Cyclomethicone taken:
Result = (rU/rT) × 100
r=
U peak response of cyclomethicone 4 (cyclomethicone 5 or cyclomethicone 6)
r=
T sum of all the peak responses
Calculate the percentage purity by adding the percentages of cyclomethicone 4,
cyclomethicone 5, and cyclomethicone 6.
Acceptance criteria
Sum of cyclomethicone 4, cyclomethicone 5, and cyclomethicone 6: NLT 98.0%
of (C2 H6 OSi)n
Labeled amount: 95.0%–105.0% of the labeled amount of any one or more of the
individual cyclomethicone components
1S (NF31)

IMPURITIES
• Limit of Nonvolatile Residue
Sample: 2.0 g
Analysis: Transfer the Sample into an open, tared aluminum dish, and evaporate in a
circulating air oven at 150 for 2 h. Allow to cool in a desiccator, and weigh.
Acceptance criteria: NMT 3.0 mg, corresponding to NMT 0.15% (w/w)
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Avoid exposure to excessive heat. 1S (NF31)
• Labeling: Label it to state, as part of the official title, the n-value of the Cyclomethicone.
Where it is a mixture of two or three such cyclic siloxanes, the label states the n-value
and percentage of each in the mixture.
• USP Reference Standards
USP Cyclomethicone 4 RS
USP Cyclomethicone 5 RS
USP Cyclomethicone 6 RS

11
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BRIEFING
Isobutane, NF 30 page 1829. It is proposed to update the support used in the Assay.
(HDQ: M. Marques.)
Correspondence Number—C112691

Comment deadline: July 31, 2012
Isobutane

C4 H10

58.12

DEFINITION
Isobutane contains NLT 95.0% of isobutane (C4 H10 ).
[Caution—Isobutane is highly flammable and explosive. ]
IDENTIFICATION
• A. IR Absorption: Exhibits maxima, among others, at about the following wavelengths (µm):
3.4 (vs), 6.8 (s), 7.2 (m), 8.5 (m), and 10.9 (m)
• B. The vapor pressure of a test specimen obtained as directed for Propellants (in Aerosols,
Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers

601 , General Sampling

Procedures), and determined at 21 by means of a suitable pressure gauge, is between
303 and 331 kPa absolute (44 and 48 psia).
ASSAY
Change to read:
• Procedure
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: 3-mm × 6-m aluminum; packed with 10 weight percent of liquid phase G30 on
non-acid-washed support S1C
support S1D 1S (NF31)
Column temperature: 33
Carrier gas: Helium
Flow rate: 50 mL/min
Injection volume: 2 µL
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System suitability
Sample: Isobutane
Suitability requirements
Sample response comparison: Peak responses for isobutane from duplicate injections
agree within 1%.
Analysis
Sample: Isobutane
Connect one Isobutane cylinder to the chromatograph through a suitable sampling valve
and a flow control valve downstream from the sampling valve. Flush the liquid specimen
through the sampling valve, taking care to avoid entrapment of gas or air in the sampling
valve.
Calculate the percentage purity of Isobutane:
Result = (rU/rT) × 100
r=
U peak response of isobutane
r=
T sum of all the peak responses
Acceptance criteria: NLT 95.0%
SPECIFIC TESTS
• Water: NMT 0.001%, determined as directed in Aerosols, Nasal Sprays, Metered-Dose
Inhalers, and Dry Powder Inhalers 601 , Water Content
• High-Boiling Residues: NMT 5 µg/mL, determined as directed in Aerosols, Nasal Sprays,
Metered-Dose Inhalers, and Dry Powder Inhalers 601 , High-Boiling Residues, Method II
• Acidity of Residue
Sample: Residue from the test for High-Boiling Residues
Analysis: Add 10 mL of water to the Sample, mix by swirling for about 30 s, add 2 drops of
methyl orange TS, insert the stopper in the tube, and shake vigorously.
Acceptance criteria: No pink or red color appears in the aqueous layer.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight cylinders, and prevent exposure to excessive
heat.
BRIEFING
Maltose. NF 30 page 1857. As part of the USP monograph modernization effort, it is proposed
to make the following changes:
1.
Keep Identification test A based on a wet chemical method to Anhydrous Maltose only.
Currently, USP is unable to find appropriate material for anhydrous Maltose to
develop USP Anhydrous Maltose RS.
2.
Add an Identification test C with an IR identification test for Maltose Monohydrate
based on validation. Identification test C is only applied to Maltose monohydrate.
(EXC: H. Wang.)
Correspondence Number—C73549

Comment deadline: July 31, 2012
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Maltose

C12 H22 O11 ·H2 O
360.31
C12 H22 O11
342.30
4-O- -d-Glucopyranosyl- -d-glucopyranose

[69-79-4].

4-O- -d-Glucopyranosyl- -d-glucopyranose monohydrate

[6363-53-7].

DEFINITION
Maltose is a sugar. It contains one molecule of water of hydration or is anhydrous. It contains
NLT 92.0% of maltose, calculated on the anhydrous basis. The amounts of other sugars, if
detected, are not included in the requirements or the calculated amount in General Notices and
Requirements, 5.60.10 Other Impurities in USP and NF Articles.
IDENTIFICATION
Change to read:
• A.
Perform this test for Anhydrous Maltose only.

1S (NF31)

Sample solution: 50 mg/mL
Analysis: Add 2–3 drops of the Sample solution to 5 mL of hot alkaline cupric tartrate TS.
Acceptance criteria: A red precipitate is formed.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
Add the following:
• C. Infrared Absorption 197K : Perform the test for Maltose Monohydrate only. Use the
undried sample and USP Maltose Monohydate RS. 1S (NF31)
ASSAY
• Procedure
Mobile phase: Water
System suitability solution: 10 mg/g each of maltotriose, maltose, and glucose
Standard solution: Dissolve USP Maltose Monohydrate RS in water to obtain a solution
having a concentration of about 10 mg/g. Calculate the exact concentration on the
anhydrous basis.
Sample solution: Dissolve 0.10 g of Maltose in water, and dilute with water to 10 g.
Record the final solution weight, and mix thoroughly.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: Refractive index
Column: 7.8-mm × 30-cm; packing L58
Temperatures
Column: 80 ± 2
Detector: 40
Flow rate: 0.35 mL/min; adjust so that the resolution between maltotriose and maltose is
NLT 1.6.
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for maltotriose, maltose, and glucose are about 0.9,
1.0, and 1.2, respectively. ]
Suitability requirements
Resolution: NLT 1.6 between maltotriose and maltose, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate, on the anhydrous basis, the percentage of Maltose taken:
Result = [(rU/rS) × (CS/CU)]/[(100

W)/100] × 100

rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Maltose Monohydrate RS in the Standard solution, on the
anhydrous basis (mg/g)
C=
U concentration of Maltose in the Sample solution (mg/g)
W= percentage of water from the test for Water Determination
Acceptance criteria: NLT 92.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281
Sample: 2 g
Acceptance criteria: NMT 0.05%
• Heavy Metals, Method I

231 : NMT 5 µg/g

SPECIFIC TESTS
• Dextrin, Starch, and Sulfite
Sample solution: 1.0 g of Maltose in 10 mL of water
Analysis: Add 1 drop of iodine TS to the Sample solution.
Acceptance criteria: A yellow color develops. Then add 1 drop of starch TS; a blue color
develops.
• pH 791
Sample solution: 100 mg/mL in carbon dioxide-free water
Acceptance criteria
Anhydrous form: 3.7–4.7
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Monohydrate form: 4.0–5.5
• Water Determination, Method I
Anhydrous: NMT 1.5%
Monohydrate: 4.5%–6.5%

921

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. No storage requirements
specified.
• USP Reference Standards 11
USP Maltose Monohydrate RS
BRIEFING
Potassium Benzoate, NF 30 page 1927. As part of the USP monograph modernization effort, it
is proposed to make the following changes:
1.
In the Assay, replace the current titrimetric procedure with a stability-indicating HPLC
procedure. The proposed procedure is based on analysis performed with the
Phenomenex Luna C18(2) brand of L1 column. Benzoic acid elutes at approximately
5.7 min.
2.
In the Definition, revise the acceptance criteria from “NLT 99.0% and NMT 100.5%” to
“NLT 99.0% and NMT 101.0%”. The upper limit of the Assay acceptance criteria
range is widened by 0.5% to account for the performance of the HPLC method.
3.
In the Identification replace the wet chemistry test for Benzoate
method used in the Assay.

191

with the HPLC

4.
In the Identification add an Infrared Absorption 197K test.
5.
Add a USP Reference Standards section containing USP Potassium Benzoate RS, USP
Benzoic Acid RS, and USP Salicylic Acid RS.
(EXC: G. Holloway.)
Correspondence Number—C113838

Comment deadline: July 31, 2012
Potassium Benzoate

C7 H5 KO2

160.21

Benzoic acid, potassium salt;
Potassium benzoate
[582-25-2].
DEFINITION
Change to read:
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Potassium Benzoate contains NLT 99.0% and NMT 100.5%
101.0% 1S (NF31)
of potassium benzoate (C7 H5 KO2 ), calculated on the anhydrous basis.
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K
Sample: Undried sample
Acceptance criteria: Meets the requirements

1S (NF31)

Change to read:
• A. Identification Tests—General, Potassium
B. Identification Tests—General, Potassium

191 and Benzoate
191 :

191

1S (NF31)

Meets the requirements of the flame test for Potassium; meets the requirements for
Benzoate
1S (NF31)

Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (NF31)
ASSAY
Change to read:
• Procedure
Sample: 600 mg of Potassium Benzoate
Blank: 100 mL of glacial acetic acid
Titrimetric system
(See Titrimetry

541 .)

Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL beaker. Add 100 mL of glacial acetic acid, stir
until the Sample is completely dissolved, and add 2 drops of crystal violet TS. Titrate
with Titrant. Perform a blank determination.
Calculate the percentage of potassium benzoate (C7 H5 KO2 ) in the portion of the Sample
taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S volume of Titrant consumed by the Sample (mL)
V=
B volume of Titrant consumed by the Blank (mL)

PF 38(3): May-Jun. 2012

216

N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 160.2 mg/mEq
W= weight of the Sample (mg)
Solution A: Adjust a 20 mM solution of monobasic potassium phosphate with phosphoric
acid to a pH of 2.5.
Mobile phase: Solution A and acetonitrile (70:30)
Diluent: Water and acetonitrile (50:50)
System suitability solution: 0.1 mg/mL of USP Salicylic Acid RS and 0.1 mg/mL of USP
Benzoic Acid RS in Diluent
Standard solution: 0.1 mg/mL of USP Benzoic Acid RS in Diluent
Sample solution: 0.1 mg/mL of Potassium Benzoate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benzoic acid and salicylic acid are approximately
1 and 1.2, respectively. ]
Suitability requirements
Resolution: NLT 3.0 between benzoic acid and salicylic acid, System suitability
solution
Relative standard deviation: NMT 0.5% for benzoic acid, Standard solution
Tailing factor: NMT 2.0 for benzoic acid, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of potassium benzoate (C7 H5 KO2 ) in the portion of Potassium
Benzoate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of benzoic acid from the Sample solution
rS= peak area of benzoic acid from the Standard solution
CS= concentration of benzoic acid in the Standard solution, corrected for purity (mg/mL)
CU= concentration of Potassium Benzoate in the Sample solution (mg/mL)
Mr1
= molecular weight of potassium benzoate, 160.21
Mr2
= molecular weight of benzoic acid, 122.12
1S (NF31)

Acceptance criteria: 99.0%–100.5%
101.0% 1S (NF31)
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on the anhydrous basis
IMPURITIES
• Heavy Metals 231
Test preparation: Dilute 4.0 g in 40 mL of water. Add, dropwise with vigorous stirring, 10
mL of 3 N hydrochloric acid, and filter. Use 25 mL of the filtrate.
Acceptance criteria: NMT 10 µg/g
SPECIFIC TESTS
• Alkalinity
Sample: 2 g
Analysis: Dissolve the Sample in 20 mL of hot water, and add 2 drops of phenolphthalein
TS.
Acceptance criteria: If a pink color is produced, it is discharged by the addition of 0.20 mL
of 0.10 N sulfuric acid.
• Water Determination, Method I

921 : NMT 1.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Add the following:
• USP Reference Standards
USP Benzoic Acid RS
USP Potassium Benzoate RS
USP Salicylic Acid RS

11

1S (NF31)

BRIEFING
Propane, NF 30 page 1930. It is proposed to update the support used in the Assay test.
(HDQ: M. Marques.)
Correspondence Number—C112692

Comment deadline: July 31, 2012
Propane
C3 H8
44.10
[74-98-6].
DEFINITION
Propane contains NLT 98.0% of propane (C3 H8 ).
[Caution—Propane is highly flammable and explosive. ]
IDENTIFICATION
• A. Infrared Absorption: Exhibits maxima, among others, at the following wavelengths, in
µm: 3.4 (vs), 6.8 (s), and 7.2 (m).
• B.
Sample: Use an empty stainless steel cylinder equipped with a stainless steel valve, having
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a capacity of NLT 200 mL, and a pressure rating of 240 psi or more. Dry the cylinder with
the valve open at 110 for 2 h, and evacuate the hot cylinder to less than 1 mm of
mercury. Close the valve, cool, and weigh. Connect one end of a charging line tightly to
the propane container and the other end loosely to the empty cylinder. Carefully open the
propane container, and allow the propane to flush out the charging line through the loose
connection. Avoid excessive flushing, which causes moisture to freeze in the charging line
and connections. Tighten the fitting on the empty cylinder, and open the empty cylinder
valve, allowing the propane to flow into the evacuated cylinder. Continue sampling until
the desired amount of propane is obtained, then close the propane container valve, and
finally close the sample cylinder valve. [Caution—Do not overload the sample cylinder;
hydraulic expansion due to temperature change can cause overloaded cylinders to
explode. ] Weigh the charged sample cylinder, and determine the the weight.
Analysis: Determine the vapor pressure of the Sample at 21 by means of a suitable
pressure gauge.
Acceptance criteria: 820–875 kPa absolute (119–127 psia)
ASSAY
Change to read:
• Procedure
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Thermal conductivity
Column: 6-m × 3-mm aluminum; packed with 10 weight percent of liquid phase G30 on
nonacid-washed support S1C
support S1D 1S (NF31)
Column temperature: 33
Carrier gas: Helium
Flow rate: 50 mL/min
Injection volume: 2 µL
System suitability
Sample: Propane
Suitability requirements: The peak responses for Propane from duplicate determinations
agree within 1%.
Analysis: Connect one Propane cylinder to the chromatograph through a suitable sampling
valve and a flow control valve downstream from the sampling valve. Flush the liquid
specimen through the sampling valve, taking care to avoid entrapment of gas or air in the
sampling valve. Calculate the percentage purity by dividing 100 times the propane
response by the sum of all of the responses.
Acceptance criteria: NLT 98.0%
SPECIFIC TESTS
• High-Boiling Residues
Sample: Use the Sample from Identification test B.
Analysis: Prepare a cooling coil from copper tubing (about 6-mm outside diameter × about
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6.1-m long) to fit into a vacuum-jacketed flask. Immerse the cooling coil in a mixture of
dry ice and acetone in a vacuum-jacketed flask, and connect one end of the tubing to
the Sample. Carefully open the sample cylinder valve, flush the cooling coil with about 50
mL of the Sample, and discard this portion of liquefied sample. Continue delivering liquefied
sample from the cooling coil, and collect it in a previously chilled 1000-mL sedimentation
cone until the cone is filled to the 1000-mL mark. Allow the sample to evaporate, using a
warm water bath maintained at about 40 to reduce evaporating time. When all of the
liquid has evaporated, rinse the sedimentation cone with two 50-mL portions of pentane,
and combine the rinsings in a tared 150-mL evaporating dish. Transfer 100 mL of the
pentane solvent to a second tared 150-mL evaporating dish, place both evaporating
dishes on a water bath, evaporate to dryness, and heat the dishes in an oven at 100 for
60 min. Cool the dishes in a desiccator, and weigh. Repeat the heating for 15-min periods
until successive weighings are within 0.1 mg, and calculate the weight of the residue
obtained from the Sample as the difference between the weights of the residues in the
two evaporating dishes.
Acceptance criteria: NMT 5 µg/mL
• Acidity of Residue
Sample solution: Add 10 mL of water to the residue obtained in the test for High-Boiling
Residues, mix by swirling for 30 s, add 2 drops of methyl orange TS, insert the stopper in
the tube, and shake vigorously.
Acceptance criteria: No pink or red color appears in the aqueous layer.
• Limit of Sulfur Compounds
Analysis: Carefully open the container valve to produce a moderate flow of gas. Do not
direct the gas stream toward the face, but deflect a portion of the stream toward the
nose.
Acceptance crteria: The odor is free from the characteristic odor of sulfur compounds.
• Water Determination 921
Sample: 100 g of the Sample from Identification test B
Analysis: Proceed as directed in the chapter with the following modifications. (a) Provide
the closed-system titrating vessel with an opening through which passes a coarseporosity gas dispersion tube connected to a sampling cylinder. (b) Dilute the Reagent with
anhydrous methanol to give a water equivalence factor of 0.2–1.0 mg/mL; age this diluted
solution for NLT 16 h before standardization. (c) Introduce the Sample into the titration
vessel through the gas dispersion tube at a rate of about 100 mL/min; if necessary, heat
the sample cylinder gently to maintain this flow rate.
Acceptance criteria: NMT 0.001%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight cylinders, and prevent exposure to excessive
heat.
BRIEFING
Sodium Benzoate, NF 30 page 1950. As part of the USP monograph modernization effort, it is
proposed to make the following changes.
1.
In the Assay, replace the current titrimetric procedure with a stability-indicating HPLC
procedure. The proposed procedure is based on analysis performed with the
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Phenomenex Luna C18(2) brand of L1 column. Benzoic acid elutes at approximately
5.7 min.
2.
In the Definition, revise the acceptance criteria from “NLT 99.0% and NMT 100.5%” to
“NLT 99.0% and NMT 101.0%”. The upper limit of the Assay acceptance criteria
range is widened by 0.5% to account for the performance of the HPLC method.
3.
In the Identification test replace the Infrared Absorption
with the Infrared Absorption

197M

in mineral oil test

197K in KBr test.

4.
In the Identification test replace the wet chemistry test for Benzoate 191 with the
HPLC method used in the Assay.
5.
Add USP Benzoic Acid RS and USP Salicylic Acid RS to the USP Reference Standards
section.
(EXC: G. Holloway.)
Correspondence Number—C114027

Comment deadline: July 31, 2012
Sodium Benzoate

C7 H5 NaO2

144.10

Benzoic acid, sodium salt;
Sodium benzoate
[532-32-1].
DEFINITION
Change to read:
Sodium Benzoate contains NLT 99.0% and NMT 100.5%
101.0% 1S (NF31)
of sodium benzoate (C7 H5 NaO2 ), calculated on the anhydrous basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197M
Infrared Absorption 197K :
Sample: Undried sample
Acceptance criteria: Meets the requirements
• B. Identification Tests—General, Sodium

1S (NF31)

191 : Meets the requirements
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Change to read:
• C. Identification Tests—General, Benzoate 191 : Meets the requirements
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (NF31)

ASSAY
Change to read:
• Procedure
Sample: 600 mg
Titrimetric system
(See Titrimetry

541 .)

Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Blank: 100 mL of glacial acetic acid
Endpoint detection: Visual
Analysis: To the Sample add 100 mL of glacial acetic acid, and stir until completely
dissolved. Add 2 drops of crystal violet TS, and titrate with 0.1 N perchloric acid VS to a
green endpoint. Perform a blank determination.
Calculate the percentage of sodium benzoate (C7 H5 NaO2 ) in the Sample taken:
Result = [(VS

VB) × N × F]/W × 100

V=
S volume of Titrant consumed by the Sample (mL)
V=
B volume of Titrant consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 144.1 mg/mEq
W= weight of the Sample (mg)
Acceptance criteria: 99.0%–100.5% on the anhydrous basis
Solution A: Adjust a 20-mM solution of monobasic potassium phosphate with phosphoric
acid to a pH of 2.5.
Mobile phase: Solution A and acetonitrile (70:30)
Diluent: Water and acetonitrile (50:50)
System suitability solution: 0.1 mg/mL of USP Salicylic Acid RS and 0.1 mg/mL of USP
Benzoic Acid RS in Diluent
Standard solution: 0.1 mg/mL of USP Benzoic Acid RS in Diluent
Sample solution: 0.1 mg/mL of Sodium Benzoate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25
Flow rate: 1.0 mL/min
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Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for benzoic acid and salicylic acid are approximately
1.0 and 1.2, respectively. ]
Suitability requirements
Resolution: NLT 3.0 between benzoic acid and salicylic acid, System suitability
solution
Relative standard deviation: NMT 0.5% for benzoic acid, Standard solution
Tailing factor: NMT 2.0 for benzoic acid, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sodium benzoate (C7 H5 NaO2 ) in the portion of Sodium
Benzoate taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of benzoic acid from the Sample solution
rS= peak area of benzoic acid from the Standard solution
CS= concentration of benzoic acid in the Standard solution, corrected for purity (mg/mL)
CU= concentration of Sodium Benzoate in the Sample solution (mg/mL)
Mr1
= molecular weight of sodium benzoate, 144.10
Mr2
= molecular weight of benzoic acid, 122.12
Acceptance criteria: 99.0%–101.0% on the anhydrous basis 1S (NF31)

IMPURITIES
• Heavy Metals 231
Test preparation: 4.0 g in 40 mL of water
Analysis: To the Test preparation add, dropwise with vigorous stirring, 10 mL of 3 N
hydrochloric acid, and filter. Use 25 mL of the filtrate.
Acceptance criteria: NMT 10 µg/g
SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 1.5%
• Alkalinity
Sample solution: 2 g in 20 mL of hot water
Analysis: To the Sample solution add 2 drops of phenolphthalein TS.
Acceptance criteria: The pink color produced, if any, is discharged by the addition of 0.20
mL of 0.10 N sulfuric acid.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards

11
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1S (NF31)

USP Sodium Benzoate RS
BRIEFING
Acetaminophen, USP 35 page 2029. As part of USP's monograph modernization initiative and
based on a November 16, 2010 correspondence from the FDA to USP on the importance of
monograph modernization, the following revisions are proposed:
1.
Revise the Definition to be consistent with the customary range afforded to HPLC
assays of bulk active ingredients, and change the assay to a dry basis.
2.
Replace the Thin-Layer Chromatographic Identification Test with a chromatographic
retention time comparison identification test based on HPLC.
3.
Delete the Ultraviolet Absorption test under Identification because it is nonspecific, and
the monograph currently has two orthogonal identification tests.
4.
Delete the test for Melting Range or Temperature because the two proposed impurity
tests adequately establish the identity, purity, and quality of the drug substance.
5.
Delete the tests for Chloride, Sulfate, and Sulfide because they do not add any
additional value to ensure the quality of the drug substance.
6.
Replace the UV spectrometric procedure for Limit of Free p-Aminophenol with a more
specific chromatographic limit test. The proposed liquid chromatographic procedure is
based on analysis performed with the Zorbax SB C8 brand of L7 column. The typical
retention time for p-aminophenol is about 4 min. This procedure was developed in the
USP laboratories and has been evaluated and endorsed by six independent
laboratories as part of an external 12 member Acetaminophen Expert Panel formed to
oversee the modernization of the Acetaminophen drug substance and drug products
monographs.
7.
Replace the TLC test for Limit of p-Chloroacetanilide with a procedure for Organic
Impurities. The proposed liquid chromatographic procedure is based on analysis
performed with the Zorbax SB C8 brand of L7 column. The typical retention time for
acetaminophen is about 8 min. This test monitors p-chloroacetanilide as well as all
other specified and unspecified impurities.
8.
Delete the test for Readily Carbonizable Substances because it is nonspecific and adds
no value to ensuring the quality of the drug substance.
9.
Replace the UV spectrophotometric procedure in the Assay with a validated HPLC
procedure which has also been endorsed by the external 12 member Acetaminophen
Expert Panel. The proposed liquid chromatographic procedure is based on analysis
performed with the Zorbax SB C8 brand of L7 column. The typical retention time for
acetaminophen is about 6.5 min.
10.
The following four new Reference Standards, introduced by the proposed HPLC
procedure for Organic Impurities, are added to the Reference Standards section:
USP Acetaminophen Related Compound B RS (N-(4-hydroxyphenyl)propanamide), USP
Acetaminophen Related Compound C RS (N-(2-hydroxyphenyl)acetamide), USP
Acetaminophen Related Compound D RS (N-phenylacetamide), and USP
Acetaminophen Related Compound J RS (N-(4-chlorophenyl)acetamide (pchloroacetanilide)).
11.
Replace the Water Determination test with a test for Loss on Drying to harmonize with
the European Pharmacopoeia.
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(SM2: C. Anthony.)
Correspondence Number—C98791

Comment deadline: July 31, 2012
Acetaminophen

C8 H9 NO2

151.16

Acetamide, N-(4-hydroxyphenyl)-;
4¢-Hydroxyacetanilide
[103-90-2].
DEFINITION
Change to read:
Acetaminophen contains NLT 98.0% and NMT 101.0%
102.0% 1S (USP36)
of acetaminophen (C8 H9 NO2 ), calculated on the anhydrous basis
dried basis. 1S (USP36)

IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U :
Sample solution: 5 µg/mL in a mixture of 0.1 N hydrochloric acid and methanol (1 in 100)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
Delete the following:
• C. Thin-Layer Chromatographic Identification Test 201
Sample solution: 1 mg/mL in methanol
Developing solvent system: Methylene chloride and methanol (4:1)
Acceptance criteria: Meets the requirements of the test 1S (USP36)
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 120 mg of Acetaminophen in 10 mL of methanol in a 500-mL
volumetric flask, and dilute with water to volume. Dilute 5.0 mL of the resulting solution
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with water to 100 mL.
Standard solution: 12 µg/mL of USP Acetaminophen RS in the same medium as the
Sample solution
Spectrometric conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV
Analytical wavelength: Maxima about 244 nm
Cell: 1 cm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C8 H9 NO2 in the portion of Acetaminophen taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Acetaminophen RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
Acceptance criteria: 98.0%–101.0% on the anhydrous basis
Use low-actinic glassware for preparation of the Sample solution.
Solution A: 1.7 g/L of monobasic potassium phosphate and 1.8 g/L of dibasic sodium
phosphate, anhydrous
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
99
1
3.0
99
1
7.0
19
81
7.1
99
1
10.0
99
1
Standard solution: 0.1 mg/mL of USP Acetaminophen RS in methanol
Sample solution: 0.1 mg/mL of Acetaminophen in methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 230
Column: 4.6-mm × 10-cm; 3.5-µm packing L7
Column temperature: 35
Flow rate: 1.0 mL/min
Injection volume: 5 µL
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of acetaminophen (C8 H9 NO2 ) in the portion of Acetaminophen
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Acetaminophen RS in the Standard solution (mg/mL)
C=
U concentration of Acetaminophen in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis 1S (USP36)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Delete the following:
• Chloride and Sulfate, Chloride 221
Sample solution: Shake 1.0 g of Acetaminophen with 25 mL of water, filter, and add 1 mL
of 2 N nitric acid and 1 mL of silver nitrate TS.
Acceptance criteria: The filtrate shows no more chloride than corresponds to 0.20 mL of
0.020 N hydrochloric acid (0.014%). 1S (USP36)
Delete the following:
• Chloride and Sulfate, Sulfate 221
Sample solution: Shake 1.0 g of Acetaminophen with 25 mL of water, filter, and add 2 mL
of 1 N acetic acid, then add 2 mL of barium chloride TS.
Acceptance criteria: The mixture shows no more sulfate than corresponds to 0.20 mL of
0.020 N sulfuric acid (0.02%). 1S (USP36)
Delete the following:
• Sulfide
Sample: 2.5 g
Analysis: Place the Sample in a 50-mL beaker. Add 5 mL of alcohol and 1 mL of 3 N
hydrochloric acid. Moisten a piece of lead acetate test paper with water, and fix to the
underside of a watch glass. Cover the beaker with the watch glass so that part of the
lead acetate paper hangs down near the pouring spout of the beaker. Heat the contents
of the beaker on a hot plate just to boiling.
Acceptance criteria: No coloration or spotting of the test paper occurs. 1S (USP36)
• Heavy Metals, Method II
Change to read:

231 : NMT 10 ppm
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• Limit of Free p-Aminophenol
Alkaline nitroferricyanide solution: Dissolve 1 g of sodium nitroferricyanide and 1 g of
anhydrous sodium carbonate in 100 mL of water.
Sample solution: Transfer 5.0 g of Acetaminophen to a 100-mL volumetric flask, and
dissolve in 75 mL of a mixture of equal volumes of methanol and water. Add 5.0 mL of
Alkaline nitroferricyanide solution, dilute with a mixture of equal volumes of methanol and
water to volume, and allow to stand for 30 min.
Standard solution: 2.5 µg/mL of p-aminophenol, similarly prepared as Sample solution,
using the same quantities of the same reagents
Blank: 5.0 mL of Alkaline nitroferricyanide solution, diluted in a mixture of equal volumes of
methanol and water to 100 mL
Spectrometric conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV-Vis
Analytical wavelength: Maxima about 710 nm
Cell: 1 cm
Analysis
Samples: Sample solution, Standard solution, and Blank
Acceptance criteria: The absorbance of the Sample solution does not exceed that of the
Standard solution, corresponding to NMT 50 ppm of p-aminophenol.
Solution A, Solution B, Mobile phase, and Chromatographic system: Proceed as
directed in the Assay.
Standard solution: 1.25 µg/mL of USP 4-Aminophenol RS in methanol
Sample solution: 25 mg/mL of Acetaminophen in methanol
System suitability
Sample: Standard solution
[Note—The relative retention times for p-aminophenol and acetaminophen are 0.6 and
1.0, respectively. ]
Suitability requirements
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 4-aminophenol (C6 H7 NO) in the portion of Acetaminophen
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 4-aminophenol from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP 4-Aminophenol RS in the Standard solution (µg/mL)
C=
U concentration of Acetaminophen in the Sample solution (µg/mL)
Acceptance criteria: NMT 0.005% 1S (USP36)
Change to read:
• Organic Impurities
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Standard solution: 10 µg/mL of p-chloroacetanilide in ether
Sample solution: Transfer 1.0 g of Acetaminophen to a glass-stoppered, 15-mL
centrifuge tube. Add 5.0 mL of ether, shake by mechanical means for 30 min, and
centrifuge at 1000 rpm for 15 min or until a clean separation is obtained. The
supernatant is used as the Sample solution.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 40 µL for the Standard solution; 200 µL of the Sample solution, in
40-µL portions. [Note—Spots are NMT 10 mm in diameter. ]
Developing solvent system: Solvent hexane and acetone (3:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in an unsaturated chamber with the Developing solvent system
until the solvent front has moved three-fourths of the length of the plate. Examine the
plate under short-wavelength UV light.
Acceptance criteria: Any spot in the chromatogram of the Sample solution, at an RF
value corresponding to the principal spot from the Standard solution, is not greater in
size or intensity than the principal spot of the Standard solution (NMT 10 ppm).
Solution A: Methanol, water, acetic acid (50:950:1)
Solution B: Methanol, water, acetic acid (500:500:1)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
82
18
8
82
18
53
0
100
58
0
100
59
82
18
73
82
18
Diluent: Methanol
Standard solution: 1.25 µg/mL of USP Acetaminophen Related Compound D RS and 0.25
µg/mL of USP Acetaminophen Related Compound J RS in Diluent
System suitability solution: 20 µg/mL of USP Acetaminophen RS, and 80 µg/mL each
of USP Acetaminophen Related Compound B RS and USP Acetaminophen Related
Compound C RS in Diluent
Sample solution: 25 mg/mL of Acetaminophen in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
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Flow rate: 0.9 mL/min
Column temperature: 40
Injection volume: 5 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—See Table 3 for relative retention time values. ]
Suitability requirements
Tailing factor: NMT 2.0 for acetaminophen related compound D, Standard solution
Resolution: NLT 2.0 between acetaminophen and acetaminophen related compound
B, and NLT 1.5 between acetaminophen related compound B and acetaminophen
related compound C, System suitability solution
Relative standard deviation: NMT 2.0% for acetaminophen related compound D,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of acetaminophen related compound J in the portion of
Acetaminophen taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of acetaminophen related compound J from the Sample solution
rS= peak response of acetaminophen related compound J from the Standard solution
C=
S concentration of USP Acetaminophen Related Compound J RS in the Standard
solution (µg/mL)
C=
U concentration of Acetaminophen in the Sample solution (µg/mL)
Calculate the percentage of acetaminophen related compounds B, C, and D and any
unspecified impurity in the portion of Acetaminophen taken:
Result = (rU/rS) × (CS/CU) × 1/F × 100
rU= peak response of each specified or unspecified impurity from the Sample solution
rS= peak response of acetaminophen related compound D from the Standard solution
C=
S concentration of USP Acetaminophen Related Compound D RS in the Standard
solution (µg/mL)
C=
U concentration of Acetaminophen in the Sample solution (µg/mL)
F= relative response factor for each impurity shown in Table 3
Acceptance criteria: See Table 3.

Name
Acetaminophen
Acetaminophen related
Acetaminophen related
Acetaminophen related
Acetaminophen related

Table 3
Relative
Retention
Time*
0.43
a
compound B
0.67
compound Cb
0.71
compoundDc
1.0
d
compound J
1.73

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
—
1.0
0.05
1.0
0.05
1.0
0.05
—
0.001
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Individual unspecified impurity
—
—
Total impurities
—
—
a N-(4-Hydroxyphenyl)propanamide.
b N-(2-Hydroxyphenyl)acetamide.
c N-Phenylacetamide.
d N-(4-Chlorophenyl)acetamide (p-chloroacetanilide).
* Calculated relative to acetaminophen related compound D.

0.05
0.1

1S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 168 –172

1S (USP36)

Delete the following:
• Water Determination, Method I 921 : NMT 0.5%

1S (USP36)

Add the following:
• Loss on Drying 731
Analysis: Dry a sample at 105 .
Acceptance criteria: NMT 0.5%

1S (USP36)

Delete the following:
• Readily Carbonizable Substances Test 271 : Dissolve 0.50 g in 5 mL of sulfuric acid:
the solution has no more color than Matching Fluid A. 1S (USP36)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature. Protect from moisture and heat.
Change to read:
• USP Reference Standards
USP Acetaminophen RS

11

USP Acetaminophen Related Compound
N-(4-Hydroxyphenyl)propanamide.
C9 H11 NO2
165.19
USP Acetaminophen Related Compound
N-(2-Hydroxyphenyl)acetamide.
C8 H9 NO2
151.16
USP Acetaminophen Related Compound
N-Phenylacetamide.
C8 H9 NO
135.17
USP Acetaminophen Related Compound

B RS

C RS

D RS

J RS

PF 38(3): May-Jun. 2012

231

N-(4-Chlorophenyl)acetamide (p-chloroacetanilide).
C8 H8 ClNO
169.61
USP 4-Aminophenol RS
C6 H7 NO
109.13
1S (USP36)

BRIEFING
Amiloride Hydrochloride Tablets, USP 35 page 2161. As a part of USP's monograph
modernization effort, it is proposed to add a stability-indicating, HPLC-based Organic
Impurities test procedure. The proposed LC procedure is validated using a Phenomenex
Synergy, 4-µm, Hydro-RP column containing L1 packing. The typical retention time for
amiloride under the specified conditions is about 20 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C88335

Comment deadline: July 31, 2012
Amiloride Hydrochloride Tablets
DEFINITION
Amiloride Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
amiloride hydrochloride (C6 H8 ClN7 O·HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B.
Standard solution: 0.2 mg/mL of USP Amiloride Hydrochloride RS in methanol
Sample solution: Prepare from finely ground Tablets, equivalent to 0.2 mg/mL of amiloride
hydrochloride in methanol. Filter the solution.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Developing solvent system: Tetrahydrofuran and 3 N ammonium hydroxide (88:12)
Application volume: 10 µL
Analysis
Samples: Standard solution and Sample solution
Develop the plate until the solvent is about three-fourths of the length of the plate from
the origin. Remove the plate from the developing chamber, air-dry, and examine under
short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
ASSAY
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• Procedure
Buffer: Dissolve 136 g of monobasic potassium phosphate in 800 mL of water. Adjust with
phosphoric acid to a pH of 3.0. Dilute with water to 1000 mL.
Mobile phase: Methanol, water, and Buffer (25:71:4)
Standard stock solution: 1.0 mg/mL of USP Amiloride Hydrochloride RS in methanol
Standard solution: 0.1 mg/mL of USP Amiloride Hydrochloride RS from Standard stock
solution, prepared as follows. Transfer 5.0 mL of the Standard stock solution to a 50-mL
volumetric flask. Add 10.0 mL of methanol, 2.0 mL of 0.1 N hydrochloric acid, and dilute
with water to volume.
Sample solution: Transfer an amount equivalent to 5 mg of amiloride hydrochloride, from
NLT 20 finely powdered Tablets, to a 50-mL volumetric flask containing 15.0 mL of
methanol and 2.0 mL of 0.1 N hydrochloric acid. Sonicate for 10 min, dilute with water to
volume, sonicate for an additional 10 min, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amiloride hydrochloride (C6 H8 ClN7 O·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of amiloride from the Sample solution
rS= peak response of amiloride from the Standard solution
C=
S concentration of USP Amiloride Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of amiloride hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Instrumental conditions
Mode: UV
Analytical wavelength: 363 nm
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Standard solution: USP Amiloride Hydrochloride RS of known concentration in Medium.
[Note—An amount of methanol not to exceed 2% of the total volume of the Standard
solution may be used to dissolve the amiloride hydrochloride. ]
Sample solution: Sample per Dissolution 711 . Dilute with Medium as necessary.
Analysis
Samples: Standard solution and Sample solution
Tolerances: NLT 80% (Q) of the labeled amount of amiloride hydrochloride (C6 H8 ClN7 O·HCl)
is dissolved.
• Uniformity of Dosage Units 905
Procedure for content uniformity
Standard solution: 10 µg/mL of USP Amiloride Hydrochloride RS in 0.1 N hydrochloric acid
Sample solution: 10 µg/mL of amiloride hydrochloride prepared as follows. Transfer one
finely powdered Tablet to a 100-mL volumetric flask, add 60 mL of 0.1 N hydrochloric
acid, and shake by mechanical means for 30 min. Dilute with 0.1 N hydrochloric acid to
volume, and centrifuge a portion of the mixture. Dilute a portion of the clear supernatant
to obtain the required concentration.
Instrumental conditions
Mode: UV
Analytical wavelength: 363 nm
Blank: 0.1 N hydrochloric acid
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of amiloride hydrochloride (C6 H8 ClN7 O·HCl)
in the Tablet taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of amiloride hydrochloride in the Sample solution
AS= absorbance of amiloride hydrochloride in the Standard solution
C=
S concentration of USP Amiloride Hydrochloride RS in the Standard solution (µg/mL)
C=
U nominal concentration of amiloride hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: Meet the requirements
IMPURITIES
Add the following:
• Organic Impurities
Diluent: Methanol, 1 N hydrochloric acid, and water (40:4:56)
Buffer: 0.9 g/L of sodium1-hexanesulfonate in water. Initially add water to about 90% of
the volume of the flask, adjust with diluted phosphoric acid to a pH of 3.0 ± 0.1, and
dilute with water to volume.
Mobile phase: Acetonitrile and Buffer (10:90)
Standard solution: 0.01 mg/mL of USP Amiloride Hydrochloride RS in Diluent
Sample solution: Nominally equivalent to 2 mg/mL of amiloride hydrochloride in Diluent from
NLT 20 powdered Tablets. Initially add methanol to fill about 40% of the volume of the
flask and 1 N hydrochloric acid to about 4% of the volume of the flask. Sonicate for 10
min, dilute with water to volume, and sonicate for another 10 min. Pass through a suitable
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filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 350 nm
Column: 4.6-mm × 15-cm; 4-µm packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Tablets taken:
Result = (rU/rS) ×(CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of amiloride from the Standard solution
C=
S concentration of USP Amiloride Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of amiloride hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Name
Chloropyrazine acida,e
Chloropyrazine methyl carboxylateb,e
Chloropyrazine carboxamidec,e
Amiloride
Any other unknown impurity
Total impuritiesd

0.15
0.48
0.56
1.00
—
—

a
b
c
d

Acceptance
Criteria,
NMT (%)
—
—
—
—
0.5
2.0

3,5,-Diamin-6-chloropyrazine carboxylic acid.
3,5,-Diamin-6-chloropyrazine -2-carboxylate.
N-Ammidine-3-amino-5-hydroxy-6-chloropyrazine-2- carboxamide hydrochloride.
Total impurities is the sum of all the impurities including process-related. Disregard peaks
less than 0.05%.
e Process-related impurity, controlled in the drug substance.
1S (USP36)

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

11
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USP Amiloride Hydrochloride RS
BRIEFING
Ampicillin, USP 35 page 2207. It is proposed to revise the monograph as follows:
The Assay is revised to provide clarity about the tailing factor limit in System suitability
and to correct the units in the Acceptance criteria to be consistent with the
Definition.
Organic Impurities, Procedures 3 and 4 are added to address impurity profiles for FDAapproved manufacturers. The flexible monograph approach is used to indicate that
manufacturers may perform either Organic Impurities, Procedure 1, Procedure 3, or
Procedure 4, based on labeling instructions and the impurity profile. The Labeling
section is revised to reflect this revision.
Organic Impurities, Procedure 1 is revised to provide clarity about the tailing factor limit
in System suitability. The name of 6-aminopenicillanic acid in Table 2 is updated to
reflect the name of the Reference Standard that is available for this compound
(amoxicillin related compound A).
Organic Impurities, Procedure 2 is revised to indicate that this procedure is to be
performed when dimethylaniline is used during the production of Ampicillin.
Organic Impurities, Procedure 3 was validated using the Hypersil BDS C8 brand of L7
column. The typical retention time for ampicillin is 11 min.
Organic Impurities, Procedure 4 was validated using the Hypersil-ODS brand of L1
column. The typical retention time for ampicillin is 6 min.
The USP Reference Standards section is revised to include Reference Standards that
are required for Organic Impurities, Procedures 3 and 4.
(SM1: A. Wise.)
Correspondence Number—C77280; C105003

Comment deadline: July 31, 2012
Ampicillin

C16 H19 N3 O4 S (anhydrous)

349.41

4-Thia-1-azabicyclo[3.2.0]heptane-2 carboxylic acid, [6-(aminophenylacetyl)amino]-3,3dimethyl-7-oxo-, [2S-[2 ,5 ,6 (S*)]]-;
(2S,5R,6R)-6-[(R)-2-Amino-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid
[69-53-4].
Trihydrate
403.46
[7177-48-2].
DEFINITION
Ampicillin is anhydrous or contains three molecules of water of hydration. It contains NLT 900
µg/mg and NMT 1050 µg/mg of ampicillin (C16 H19 N3 O4 S), calculated on the anhydrous basis.

PF 38(3): May-Jun. 2012

236

IDENTIFICATION
• Infrared Absorption 197K : Except that where the specimen under test is the trihydrate,
both it and the USP Ampicillin Trihydrate RS are undried.
ASSAY
Change to read:
• Procedure
Solution A: 6.54 g/L of monobasic potassium phosphate and 0.34 g/L of dibasic potassium
phosphate, adjusted with 1 N sodium hydroxide or 1 N phosphoric acid to a pH of 5.5
before final dilution
Solution B: Acetonitrile and Solution A (2:23)
Solution C: Acetonitrile and Solution A (3:7)
Mobile phase: See Table 1.
Table 1
Time
Solution B Solution C
(min)
(%)
(%)
0
100
0
6
100
0
15
0
100
16
0
100
18
100
0
20
100
0
Solution D: 46.3 g/L of monobasic potassium phosphate and 27.8 g/L of dibasic potassium
phosphate, adjusted with 1 N sodium hydroxide or 1 N phosphoric acid to a pH of 6.5
before final dilution
System suitability solution: 0.5 mg/mL of USP Ampicillin RS and 0.1 mg/mL of USP
Amoxicillin RS in acetonitrile, water, and Solution D (4:91:5) prepared as follows. Dissolve
first in a mixture of acetonitrile, water, and Solution D (4:30:5), sonicating if necessary,
and dilute with water to volume.
Standard solution: 0.5 mg/mL of USP Ampicillin RS in acetonitrile, water, and Solution D
(4:91:5) prepared as follows. Dissolve first in a mixture of acetonitrile, water, and Solution
D (4:30:5), sonicating if necessary, and dilute with water to volume. Analyze immediately
after preparation.
Sample solution: 0.5 mg/mL of Ampicillin in acetonitrile, water, and Solution D (4:91:5)
prepared as follows. Dissolve first in a mixture of acetonitrile, water, and Solution D
(4:30:5), sonicating if necessary, and dilute with water to volume. Analyze immediately
after preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
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Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 10 between ampicillin and amoxicillin, System suitability solution
Tailing factor: NMT 1.4
for ampicillin 1S (USP36)
, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg, of ampicillin (C16 H19 N3 O4 S) in each mg of Ampicillin taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ampicillin RS in the Standard solution (mg/mL)
C=
U concentration of Ampicillin in the Sample solution (mg/mL)
P= potency of USP Ampicillin RS (µg/mg)
Acceptance criteria: 900 µg –1050 µg
900–1050 µg/mg 1S (USP36)
on the anhydrous basis
IMPURITIES
Change to read:
• Organic Impurities, Procedure 1
Organic Impurities, Procedure 1 is recommended when the impurity profile includes ampicillin
thiazepine.
1S (USP36)

Solution A, Solution B, Solution C, Mobile phase, Solution D, System suitability solution,
Sample solution, and Chromatographic system: Prepare as directed in the Assay.
Standard stock solution: Prepare as directed for the Standard solution in the Assay.
Standard solution: 0.005 mg/mL of ampicillin in Solution D and water (1:19) from Standard
stock solution. Transfer an aliquot of the Standard stock solution to a suitable volumetric
flask, add Solution D, using about 5% of the final volume, and dilute with water to volume.
Analyze immediately after preparation.
Sensitivity solution: 0.5 µg/mL of ampicillin in Solution D and water (1:19) from the Standard
solution. Transfer an aliquot of the Standard solution to a suitable volumetric flask, add
Solution D, using about 5% of the final volume, and dilute with water to volume.
System suitability
Samples: Sensitivity solution, System suitability solution, and Standard solution
Suitability requirements
Signal-to-noise ratio: NLT 3, Sensitivity solution
Resolution: NLT 10 between ampicillin and amoxicillin, System suitability solution
Tailing factor: NMT 1.4
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1S (USP36)

, System suitability solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ampicillin taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of ampicillin from the Standard solution
C=
S concentration of USP Ampicillin RS in the Standard solution (mg/mL)
C=
U concentration of Ampicillin in the Sample solution (mg/mL)
P= potency of USP Ampicillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2.
Table 2

Name
d-Phenylglycinea

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

0.27

0.5

0.31
0.45
0.65
1.0
1.8
2.0
2.2
2.5
2.6
2.9
—
—

0.5
1.0
0.3
—
0.4
0.3
0.6
0.8
1.0
0.4
0.25
3.0

6-Aminopenicillanic acid
Amoxicillin related compound A
(6-aminopenicillanic acid) 1S (USP36)
b

acidc

Ampicilloic
Ampicillin thiazepine analogd
Ampicillin
Ampicillin rearrangement product (isomer 1)e
Ampicillin rearrangement product (isomer 2)e
Ampicillin oligomer 2f
d-Phenylglycylampicilling
Ampicillin oligomer 1 (dimer)h
Ampicillin oligomer 1 (trimer)i
Any individual unspecified impurity
Total impurities
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a (R)-2-Amino-2-phenylacetic acid.
b (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid.
c (4S)-2-{[(R)-2-Amino-2-phenylacetamido](carboxy)methyl}-5,5-dimethylthiazolidine-4carboxylic acid.
d (S)-6-[(R)-2-Amino-2-phenylacetamido]-2,2-dimethyl-7-oxo-2,3,4,7-tetrahydro-1,4thiazepine-3-carboxylic acid.
e (4S)-2-(3,6-Dioxo-5-phenylpiperazin-2-yl)-5,5-dimethylthiazolidine-4-carboxylic acid.
f (4S)-2-{1-[(R)-2-Amino-2-phenylacetamido]-2-[(1R)-2-{carboxy[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]methylamino}-2-oxo-1-phenylethylamino]-2-oxoethyl}-5,5dimethylthiazolidine-4-carboxylic acid.
g (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-phenylacetamido]-2-phenylacetamido}-3,3-dimethyl-7oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
h (2S,5R,6R)-6-[(2R)-2-{2-[(R)-2-Amino-2-phenylacetamido]-2-[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]acetamido}-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
i (4S,4'S)-2,2'-{(1R,7R,13R)-1-Amino-14-[(2S,5R,6R)-2-carboxy-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptan-6-ylamino]-2,5,8,11,14-pentaoxo-1,7,13-triphenyl-3,6,9,12tetraazatetradecane-4,10-diyl}bis(5,5-dimethylthiazolidine-4-carboxylic acid).
Change to read:
• Organic Impurities, Procedure 2, Dimethylaniline 223 : Meets the requirements
Organic Impurities, Procedure 2 is recommended when dimethylaniline is used during the
production of Ampicillin.
1S (USP36)

Add the following:
• Organic Impurities, Procedure 3
Organic Impurities, Procedure 3 is recommended when the impurity profile includes
phenylpyrazinol, pivaloyl phenylglycine, pivaloyl aminopenicillanic acid,
diphenyldiketopiperazine, and open ring dimer.
Solution A: 4 g/L of monobasic sodium phosphate dihydrate adjusted with 1 N sodium
hydroxide to a pH of 5.0
Solution B: Acetonitrile
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
98
2
20
90
10
40
85
15
50
80
20
55
75
25
60
75
25
62
98
2
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70
98
2
Diluent: Acetonitrile and Solution A (2:98)
System suitability solution: 1.5 mg/mL of USP Ampicillin System Suitability Mixture RS in
Diluent
Standard solution: 15 µg/mL of USP Ampicillin RS in Diluent
Sample solution: 1.5 mg/mL of Ampicillin in Diluent. Store the sample in the refrigerator,
and discard after 60 min.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Autosampler temperature: 4
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between the pivaloyl phenylglycine and diphenyldiketopiperazine
peaks, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ampicillin taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of ampicillin from the Standard solution
C=
S concentration of USP Ampicillin RS in the Standard solution (mg/mL)
C=
U concentration of Ampicillin in the Sample solution (mg/mL)
P= potency of ampicillin in USP Ampicillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 4 and Table 5. The limits in Table 5 are to be used where
Ampicillin is intended for use in preparing veterinary products.
Table 4

Name
d-Phenylglycinea
Amoxicillin related compound A
(6-aminopenicillanic acid)b

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

0.15

1.0

0.21
0.40

1.0
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Ampicilloic acidc,d
l-Ampicilline
Ampicillin
Ampilloic acidf ,g
Ampicillin rearrangement product h,i
Phenylpyrazinolj
Pivaloyl phenylglycinek
Diphenyldiketopiperazinel
Ampicillin oligomer 2m
d-Phenylglycylampicillinn
Pivaloyl aminopenicillanic acido

Open ring dimerp,q
Ampicillin oligomer 1 (dimer)r
Ampicillinyl-d-phenylglycines
Ampicillin oligomer 1 (trimer)t
Any individual unspecified impurity
Total impurities
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0.58
0.65
1.0
1.16
1.40
1.25
1.48
1.75
1.87
1.94
2.08
2.25
2.54
2.87
2.97
3.03
3.15
3.86
4.19
—
—

1.0
1.0
—
1.0
1.0
1.0
1.0
1.0
1.0
1.0
1.0

1.0
1.0
1.0
1.0
0.10
5.0
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a (R)-2-Amino-2-phenylacetic acid.
b (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid.
c (4S)-2-{[(R)-2-Amino-2-phenylacetamido](carboxy)methyl}-5,5-dimethylthiazolidine-4carboxylic acid.
d The system resolves the two isomers of ampicilloic acid. The sum of the two isomers is
reported.
e (2S,5R,6R)-6-[(S)-2-Amino-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
f (4S)-2-{[(R)-2-Amino-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic
acid.
g The system resolves the two isomers of ampilloic acid. The sum of the two isomers is
reported.
h (4S)-2-(3,6-Dioxo-5-phenylpiperazin-2-yl)-5,5-dimethylthiazolidine-4-carboxylic acid.
i The system resolves the two isomers of ampicillin rearrangement product. The sum of the
two isomers is reported.
j 3-Phenylpyrazin-2-ol.
k (R)-2-Phenyl-2-pivalamidoacetic acid.
l 3,6-Diphenylpiperazine-2,5-dione.
m (4S)-2-{1-[(R)-2-Amino-2-phenylacetamido]-2-[(1R)-2-{carboxy[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]methylamino}-2-oxo-1-phenylethylamino]-2-oxoethyl}-5,5dimethylthiazolidine-4-carboxylic acid.
n (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-phenylacetamido]-2-phenylacetamido}-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
o (2S,5R,6R)-3,3-Dimethyl-7-oxo-6-pivalamido-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
p (4S)-2-{1-[(R)-2-amino-2-phenylacetamido]-2-[(1R)-2-{[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]methylamino}-2-oxo-1-phenylethylamino]-2-oxoethyl}-5,5dimethylthiazolidine-4-carboxylic acid.
q The system may resolve the three isomers of open ring dimer. The sum of the three
isomers is reported.
r (2S,5R,6R)-6-[(2R)-2-{2-[(R)-2-Amino-2-phenylacetamido]-2-[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]acetamido}-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
s (R)-2-((2S,5R,6R)-6-((R)-2-Amino-2-phenylacetamido)-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxamido)-2-phenylacetic acid.
t (4S,4'S)-2,2'-{(1R,7R,13R)-1-Amino-14-[(2S,5R,6R)-2-carboxy-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptan-6-ylamino]-2,5,8,11,14-pentaoxo-1,7,13-triphenyl3,6,9,12-tetraazatetradecane-4,10-diyl}bis(5,5-dimethylthiazolidine-4-carboxylic acid).

Where it is intended for use in preparing veterinary products:
Table 5

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
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d-Phenylglycinea
Amoxicillin related compound A
(6-aminopenicillanic acid)b
N-Formyl ampicilloic acidc
Ampicilloic acidd,e
l-Ampicillinf
Ampicillin
Ampilloic acidg,h
Ampicillin rearrangement product i,j
Phenylpyrazinolk
Pivaloyl phenylglycinel
Diphenyldiketopiperazinem
Ampicillin oligomer 2n
d-Phenylglycylampicillino
Pivaloyl aminopenicillanic acidp

Open ring dimerq,r
Ampicillin oligomer 1 (dimer)s
Ampicillinyl-d-phenylglycinet
Ampicillin oligomer 1 (trimer)u
Any individual unspecified impurity
Total impurities
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0.15

2.0

0.21
0.26
0.40
0.58
0.65
1.0
1.16
1.40
1.25
1.48
1.75
1.87
1.94
2.08
2.25
2.54
2.87
2.97
3.03
3.15
3.86
4.19
—
—

2.0
1.0
2.0
2.0
—
2.0
2.0
2.0
2.0
2.0
2.0
2.0
2.0
0.50
0.50
0.50
4.5
2.0
2.0
0.5
5.0
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a (R)-2-Amino-2-phenylacetic acid.
b (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid.
c (4S)-2-{[(R)-2-Amino-2-phenylacetamido](carboxy)methyl}-3-formyl-5,5dimethylthiazolidine-4-carboxylic acid.
d (4S)-2-{[(R)-2-Amino-2-phenylacetamido](carboxy)methyl}-5,5-dimethylthiazolidine-4carboxylic acid.
e The system resolves the two isomers of ampicilloic acid. The sum of the two isomers is
reported.
f (2S,5R,6R)-6-[(S)-2-Amino-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
g (4S)-2-{[(R)-2-Amino-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic
acid.
h The system resolves the two isomers of ampilloic acid. The sum of the two isomers is
reported.
i (4S)-2-(3,6-Dioxo-5-phenylpiperazin-2-yl)-5,5-dimethylthiazolidine-4-carboxylic acid.
j The system resolves the two isomers of ampicillin rearrangement product. The sum of the
two isomers is reported.
k 3-Phenylpyrazin-2-ol.
l (R)-2-Phenyl-2-pivalamidoacetic acid.
m 3,6-Diphenylpiperazine-2,5-dione.
n (4S)-2-{1-[(R)-2-Amino-2-phenylacetamido]-2-[(1R)-2-{carboxy[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]methylamino}-2-oxo-1-phenylethylamino]-2-oxoethyl}-5,5dimethylthiazolidine-4-carboxylic acid.
o (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-phenylacetamido]-2-phenylacetamido}-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
p (2S,5R,6R)-3,3-Dimethyl-7-oxo-6-pivalamido-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
q (4S)-2-{1-[(R)-2-amino-2-phenylacetamido]-2-[(1R)-2-{[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]methylamino}-2-oxo-1-phenylethylamino]-2-oxoethyl}-5,5dimethylthiazolidine-4-carboxylic acid.
r The system may resolve the three isomers of open ring dimer.
s (2S,5R,6R)-6-[(2R)-2-{2-[(R)-2-Amino-2-phenylacetamido]-2-[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]acetamido}-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
t (R)-2-((2S,5R,6R)-6-((R)-2-Amino-2-phenylacetamido)-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxamido)-2-phenylacetic acid.
u (4S,4'S)-2,2'-{(1R,7R,13R)-1-Amino-14-[(2S,5R,6R)-2-carboxy-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptan-6-ylamino]-2,5,8,11,14-pentaoxo-1,7,13-triphenyl3,6,9,12-tetraazatetradecane-4,10-diyl}bis(5,5-dimethylthiazolidine-4-carboxylic acid).
1S (USP36)

Add the following:
• Organic Impurities, Procedure 4
Organic Impurities, Procedure 4 is recommended when the impurity profile includes
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ampilloyl aminopenicillanic acid and penicillanyl ampicillinamide.
Solution A: 3.4 g/L of dibasic sodium phosphate dodecahydrate and 1.4 g/L of monobasic
potassium phosphate adjusted with phosphoric acid to a pH of 5.5
Solution B: Acetonitrile
Mobile phase: See Table 6.
Table 6
Time
Solution A Solution B
(min)
(%)
(%)
0
99
1
1.5
95
5
6.5
90
10
7.5
89
11
13.5
84
16
16.5
75
25
18
60
40
25
99
1
Standard solution: 30 µg/mL of USP Amoxicillin Related Compound A RS, 30 µg/mL of dphenylglycine, and 25 µg/mL of USP Ampicillin RS in Solution A
Sample solution: 2.5 mg/mL of Ampicillin in Solution A. Store the Sample solution in the
refrigerator, and use within 9 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.0-mm × 15-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 1.3 mL/min
Injection volume: 5 µL
Autosampler temperature: 4
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between d-phenylglycine and amoxicillin related compound A
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ampicillin taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of ampicillin from the Standard solution
C=
S concentration of USP Ampicillin RS in the Standard solution (mg/mL)
C=
U concentration of Ampicillin in the Sample solution (mg/mL)
P= potency of ampicillin in USP Ampicillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
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Acceptance criteria: See Table 7. Disregard any peak with an area less than 0.03 times
the area of the ampicillin peak in the System suitability solution.
Table 7

Name
d-Phenylglycinea
Amoxicillin related compound A
(6-aminopenicillanic acid)b
Ampicilloic acidc
Ampicillin thiazepine analogd,e
l-Ampicillinf
Ampilloyl aminopenicillanic acidg
Ampicillin
Ampilloic acidh
Ampicillin rearrangement product i
Pivaloyl phenylglycinee,j
Phenylpyrazinole,k
Diphenyldiketopiperazinee,l
Pivaloyl aminopenicillanic acide,m
d-Phenylglycylampicillinn
Ampicillin oligomer 1 (dimer)o
Penicillanyl ampicillinamidep
Ampicillinyl-d-phenylglycineq
Any individual unspecified impurity
Total impurities

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

0.21

0.5

0.32
0.46
0.57
0.72
0.84
0.87
1.00
1.15
1.34
1.24
1.47
1.84
1.94
1.95
2.08
2.16
2.27
2.64
—
—

0.5
1.0
1.0
—
0.5
0.5
—
1.0
1.0
1.0
—
—
—
—
1.0
1.0
1.0
1.0
1.0
5.0
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a (R)-2-Amino-2-phenylacetic acid.
b (2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid.
c (4S)-2-{[(R)-2-Amino-2-phenylacetamido](carboxy)methyl}-5,5-dimethylthiazolidine-4carboxylic acid.
d (S)-6-[(R)-2-Amino-2-phenylacetamido]-2,2-dimethyl-7-oxo-2,3,4,7-tetrahydro-1,4thiazepine-3-carboxylic acid.
e These impurities are listed for information only. They are not to be reported. They are
not to be included in total impurities.
f (2S,5R,6R)-6-[(S)-2-Amino-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
g (2S,5R,6R)-6-{2-[(R)-2-Amino-2-phenylacetamido]-2-[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]acetamido}-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
h (4S)-2-{[(R)-2-Amino-2-phenylacetamido]methyl}-5,5-dimethylthiazolidine-4-carboxylic
acid.
i (4S)-2-(3,6-Dioxo-5-phenylpiperazin-2-yl)-5,5-dimethylthiazolidine-4-carboxylic acid.
j (R)-2-Phenyl-2-pivalamidoacetic acid.
k 3-Phenylpyrazin-2-ol.
l 3,6-Diphenylpiperazine-2,5-dione.
m (2S,5R,6R)-3,3-Dimethyl-7-oxo-6-pivalamido-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylic acid.
n (2S,5R,6R)-6-{(R)-2-[(R)-2-Amino-2-phenylacetamido]-2-phenylacetamido}-3,3dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid.
o (2S,5R,6R)-6-[(2R)-2-{2-[(R)-2-Amino-2-phenylacetamido]-2-[(4S)-4-carboxy-5,5dimethylthiazolidin-2-yl]acetamido}-2-phenylacetamido]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
p (2S,5R,6R)-6-{(2S,5R,6R)-6-[(R)-2-Amino-2-phenylacetamido]-3,3-dimethyl-7-oxo-4thia-1-azabicyclo[3.2.0]heptane-2-carboxamido}-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid.
q (R)-2-((2S,5R,6R)-6-((R)-2-Amino-2-phenylacetamido)-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxamido)-2-phenylacetic acid.
1S (USP36)

SPECIFIC TESTS
• Sterility Tests 71
Sample solution: Dissolve 6 g in 800 mL of Fluid D containing sufficient sterile penicillinase
to inactivate the ampicillin, and swirl the vessel until dissolution is complete before
filtering.
Acceptance criteria: Where the label states that Ampicillin is sterile, it meets the
requirements when tested as directed for Test for Sterility of the Product to be Examined,
Membrane Filtration.
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 10 mg/mL
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Acceptance criteria: 3.5–6.0
• Water Determination, Method I 921 : NMT 2.0% where it is labeled as Ampicillin
(anhydrous); between 12.0% and 15.0% where it is labeled as Ampicillin (trihydrate)
• Bacterial Endotoxins Test 85 : Where the label states that Ampicillin is sterile or must
be subjected to further processing during the preparation of injectable dosage forms, it
contains NMT 0.15 USP Endotoxin Unit/mg of ampicillin.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• Labeling: Label to indicate whether it is anhydrous or is the trihydrate. Where the quantity
of ampicillin is indicated in the labeling of any preparation containing Ampicillin, this shall be
understood to be in terms of anhydrous ampicillin (C16 H19 N3 O4 S). Where it is intended for
use in preparing injectable dosage forms, the label states that it is the trihydrate and that
it is sterile or must be subjected to further processing during the preparation of injectable
dosage forms.
If a test for Organic Impurities other than Procedures 1 and 2 are used, then the labeling
states with which Organic Impurities test the article complies. Where it is intended for use
in preparing veterinary products, the label so states.
1S (USP36)

Change to read:
• USP Reference Standards 11
USP Amoxicillin RS
USP Amoxicillin Related Compound A RS
(2S,5R,6R)-6-Amino-3,3-dimethyl-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2-carboxylic
acid.
C16 H14 N2 O2
266.29 1S (USP36)
USP Ampicillin RS
USP Ampicillin System Suitability Mixture RS
This is a mixture which contains ampicillin, pivaloyl phenylglycine [(R)-2-phenyl-2pivalamidoacetic acid; C13 H17 NO3 ; 235.28], diphenyldiketopiperazine (3,6diphenylpiperazine-2,5-dione; C16 H14 N2 O2 ; 266.29), and other related compounds.
1S (USP36)

USP Ampicillin Trihydrate RS
USP Endotoxin RS
BRIEFING
Anastrozole Tablets. Because there is no existing USP monograph for this drug product, a new
monograph, based on validated methods of analysis, is being proposed. The liquid
chromatographic procedures in the Assay, the Dissolution test, and in the test for Organic
Impurities are based on analyses performed with the Inertsil ODS-3V brand of L1 column.
The typical retention times reported for anastrozole are about 7.5 min in the Assay and
Dissolution test, and 18 min in the test for Organic Impurities.
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(SM3: F. Mao.)
Correspondence Number—C93610

Comment deadline: July 31, 2012
Add the following:
Anastrozole Tablets
DEFINITION
Anastrozole Tablets contain NLT 95.0% and NMT 105.0% of the labeled amount of anastrozole
(C17 H19 N5 ).
IDENTIFICATION
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile and water (40:60)
Diluent: Acetonitrile and water (50:50)
Standard solution: 40 µg/mL of USP Anastrozole RS in Diluent. Sonication may be used to
aid dissolution.
Sample solution: 40 µg/mL of anastrozole in Diluent, prepared as follows. Transfer NLT 10
Tablets to a suitable volumetric flask. Add 40% of the flask volume of water, and shake on
a rotary shaker for 10 min to disintegrate the Tablets. Add 40% of the flask volume of
acetonitrile, and sonicate for 15 min with intermittent shaking, maintaining the sonicator
temperature at 25 . Dilute with Diluent to volume. Centrifuge a portion of the solution at
3500 rpm for 10 min, and use the clear solution for analysis.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of anastrozole (C17 H19 N5 ) in the portion
of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Anastrozole RS in the Standard solution (mg/mL)
C=
U nominal concentration of anastrozole in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL, deaerated
Apparatus 2: 50 rpm
Time: 15 min
Diluent: Acetonitrile and water (50:50)
Standard stock solution: 0.2 mg/mL of USP Anastrozole RS in Diluent
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of (L/1000) mg/mL, where L is the label claim in mg/Tablet.
Sample solution: Pass a portion of the solution under test through a suitable filter of 10µm pore size. Centrifuge at 3500 rpm for 10 min.
Mobile phase: Acetonitrile and water (40:60)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Calculate the percentage of anastrozole (C17 H19 N5 ) dissolved:
(rU/rS) × (CS/L) × V × 100
r=
U peak response from the Sample solution
r=
S peak response from the Standard solution
C=S concentration of the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of anastrozole (C17 H19 N5 ) is dissolved.
• Uniformity of Dosage Units
IMPURITIES
• Organic Impurities

905 : Meet the requirements
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Diluent: Acetonitrile and water (50:50)
Solvent A: Water
Solvent B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solvent A Solvent B
(min)
(%)
(%)
0
65
35
20
65
35
30
35
65
50
35
65
55
65
35
60
65
35
System suitability solution: 200 µg/mL of USP Anastrozole RS and 0.3 µg/mL each of USP
Anastrozole Related Compound A RS and USP Anastrozole Related Compound D RS in
Diluent. Sonication may be used to aid dissolution.
Standard solution: 0.4 µg/mL of USP Anastrozole RS in Diluent. Sonication may be used to
aid dissolution.
Sample solution: 0.2 mg/mL of anastrozole in Diluent, prepared as follows. Transfer NLT
10 Tablets to a suitable volumetric flask. Add 80% of the flask volume of Diluent, and
shake on a rotary shaker for 15 min until all the Tablets completely disintegrate. Sonicate
for 30 min with intermittent shaking, maintaining the sonicator temperature at 25 . Dilute
with Diluent to volume. Centrifuge a portion of the solution at 3500 rpm for 10 min, and
use the clear solution for analysis.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: System suitability solution and Standard solution
[Note—The relative retention times for anastrozole related compound A and anastrozole
related compound D are 2.06 and 2.09, respectively. ]
Suitability requirements
Resolution: NLT 1.0 between anastrozole related compound A and anastrozole related
compound D, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Sample: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of each individual impurity from the Sample solution
rS= peak area of anastrozole from the Standard solution
C=
S concentration of USP Anastrozole RS in the Standard solution (mg/mL)
C=
U nominal concentration of anastrozole in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 0.5%
Total impurities: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Anastrozole RS
USP Anastrozole Related Compound A RS
2,2¢-(5-Methyl-1,3-phenylene)bis(2-methylpropanenitrile).
C15 H18 N2
226.32
USP Anastrozole Related Compound D RS
2,2¢-(5-(Bromomethyl)-1,3-phenylene)bis(2-methylpropanenitrile).
C15 H17 BrN2
305.21
1S (USP36)

BRIEFING
Antipyrine, USP 35 page 2229. As part of the USP monograph modernization initiative, it is
proposed to make the following changes:
1.
Replace the Ordinary Impurities test with the stability-indicating HPLC procedure
described in the current monograph for Phenazone in the European Pharmacopoeia.
The procedure uses a Shimadzu Shim-pack CLC ODS brand of L1 column. The typical
retention time for antipyrine is about 13 min.
2.
Delete the test for Completeness and Color of Solution because it contributes no
additonal value in establishing the quality of the drug substance.
3.
Delete the test for Melting Range or Temperature because the proposed Organic
Impurities test and the other existing tests adequately establish the identity, purity,
and quality of the drug substance.
4.
Add a new Reference Standard, introduced by the proposed HPLC procedure for Organic
Impurities, to the Reference Standards section. The new Reference Standard is USP
Antipyrine Related Compound A RS (3-methyl-1-phenyl-1H-pyrazol-5(4H)-one).
(SM2: C. Anthony.)
Correspondence Number—C103052

Comment deadline: July 31, 2012
Antipyrine
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188.23

1,2-Dihydro-1,5-dimethyl-2-phenyl-3H-pyrazol-3-one;
2,3-Dimethyl-1-phenyl-3-pyrazolin-5-one
[60-80-0].
DEFINITION
Antipyrine contains NLT 99.0% and NMT 100.5% of antipyrine (C11 H12 N2 O), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Analytical wavelength: 266 nm
Sample solution: 20 µg/mL in methanol
Acceptance criteria: Absorptivities calculated on the dried basis do not differ by more
than 3.0%.
• C.
Analysis: Add tannic acid TS to a solution of it.
Acceptance criteria: A white precipitate is formed.
ASSAY
• Procedure
Sample: 150 mg
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 0.1 N sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of water in a 250-mL iodine flask. Add 2 g of
sodium acetate, 1 mL of diluted acetic acid, and 20.0 mL of 0.1 N iodine VS to the Sample
and allow to stand in a cool, dark place for 20 min. Add 25 mL of alcohol to dissolve the
precipitate, and titrate the excess iodine with Titrant, using starch TS as the indicator.
Each mL of 0.1 N iodine is equivalent to 9.412 mg of antipyrine (C11 H12 N2 O).
Acceptance criteria: 99.0%–100.5% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.15%
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• Heavy Metals 231
Test preparation: Dissolve 1 g in 2 mL of 1 N acetic acid, and add water to make 25 mL.
Acceptance criteria: NMT 20 ppm
Change to read:
• Organic Impurities
Procedure: Ordinary Impurities 466
Standard solution and Sample solution: Chloroform
Eluant: Chloroform, acetone, butyl alcohol, and formic acid (60:15:15:15)
Visualization: 1
Buffer: Dissolve 6.8 g of monobasic potassium phosphate in 1 L of water, add 2 mL of
triethylamine, and adjust with 5 N sodium hydroxide solution to a pH of 7.0.
Mobile phase: Methanol and Buffer (43:100)
System suitability solution: 5 µg/mL each of USP Antipyrine RS and USP Antipyrine
Related Compound A RS in Mobile phase
Standard solution: 0.5 µg/mL and 0.25 µg/mL of USP Antipyrine RS and USP Antipyrine
Related Compound A RS, respectively, in Mobile phase
Sample solution: 500 µg/mL of Antipyrine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 6.0-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: Three times the retention time of antipyrine
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 3.0 between antipyrine related compound A and antipyrine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of antipyrine related compound A in the portion of Antipyrine
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of antipyrine related compound A from the Sample solution
rS= peak response of antipyrine related compound A from the Standard solution
C=
S concentration of USP Antipyrine Related Compound A RS in the Standard solution
(µg/mL)
C=
U concentration of the Sample solution (µg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of
Antipyrine taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of any individual unspecified impurity from the Sample solution
rS= peak response of antipyrine from the Standard solution
C=
S concentration of USP Antipyrine RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
1S (USP36)

Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Name

Antipyrine related compound Aa
Antipyrine
Individual unspecified impurity
Total impuritiesb

Acceptance
Criteria,
NMT (%)

0.8
1.0
—
—

0.05
—
0.05
0.1

a 3-Methyl-1-phenyl-1H-pyrazol-5(4H)-one.
b Disregard any impurity peak less than 0.03%.
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 110 –112.5

1S (USP36)

• Loss on Drying 731
Analysis: Dry a sample at 60 for 2 h.
Acceptance criteria: NMT 1.0%
Delete the following:
• Completeness and Color of Solution: It is completely soluble in its own weight of cold
water, the solution being colorless or NMT slightly yellow when viewed transversely in a
tube having a diameter of 20 mm. 1S (USP36)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards
USP Antipyrine RS

11

USP Antipyrine Related Compound A RS
3-Methyl-1-phenyl-1H-pyrazol-5(4H)-one.
C10 H10 N2 O
174.20
1S (USP36)

BRIEFING
Atropine Sulfate, USP 35 page 2270. The modernization proposed in PF 35(4) [July– Aug.
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2009] has been canceled. This proposal is similar to the canceled proposal, but it includes
the use of a different HPLC procedure for the test for Organic Impurities, which is now also
proposed for the Assay.
1.
Replace the titration procedure for the Assay with a new, more specific HPLC procedure.
The proposed procedure was validated using a PerfectSil Target ODS-3 HD brand of
L1 column manufactured by MZ Analysentechnik. A Nucleosil C-18 brand of L1 column
manufactured by ES Industries may be suitable. The typical retention time for
atropine is about 9.8 min.
2.
Update the Definition from “NLT 98.5% and NMT 101.0%” to “NLT 98.0% and NMT
102.0%” which is typical for chromatographic procedures.
3.
Add Identification test C, based on the retention time of the major peak in the Assay.
This addition is consistent with current USP practices.
4.
Replace the current test for Other Alkaloids, renamed as Organic Impurities, with the
procedure proposed for the Assay. This proposed HPLC procedure separates an
unidentified peak at relative retention time 0.94 as well as all known process
impurities.
5.
Omit the test for Melting Range or Temperature. The proposed test for Organic
Impurities provides sufficient information for potential impurities.
6.
Replace the test for Angular Rotation with a test for Specific Rotation that is
independent of concentration and consistent with the European Pharmacopeia 7.5.
7.
Omit the test for Acidity. The proposed test for Organic Impurities provides enough
information to determine the purity of the product.
8.
Revise the storage conditions to indicate that atropine sulfate needs to be protected
from light.
9.
Add the use of an existing USP reference standard (USP Hyoscyamine Related
Compound A RS) to support the proposed Assay and test for Organic Impurities.
(SM4: R. Ravichandran, H. Joyce.)
Correspondence Number—C83669

Comment deadline: July 31, 2012
Atropine Sulfate

(C17 H23 NO3 )2 ·H2 SO4 ·H2 O
694.83
(C17 H23 NO3 )2 ·H2 SO4
676.83
Benzeneacetic acid, -(hydroxymethyl)-, 8-methyl-8-azabicyclo[3.2.1]oct-3-yl ester, endo(±)-, sulfate (2:1) (salt), monohydrate;
1 H,5 H-Tropan-3- -ol (±)-tropate (ester), sulfate (2:1) (salt) monohydrate
[5908-99-6].
Anhydrous
[55-48-1].
DEFINITION
Change to read:
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Atropine Sulfate contains NLT 98.5% and NMT 101.0% of
NLT 98.0% and NMT 102.0% of atropine sulfate 1S (USP36)
(C17 H23 NO32 ·H2 SO4 ), calculated on the anhydrous basis.
[Caution—Handle Atropine Sulfate with exceptional care, because it is highly potent. ]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Sulfate 191
Sample solution: 50 mg/mL
Acceptance criteria: Meets the requirements
Add the following:
• C. The retention time of the atropine peak in the Sample solution corresponds to that of
the System suitability solution, as obtained in the Assay. 1S (USP36)
ASSAY
Change to read:
• Procedure
Sample: 1 g of Atropine Sulfate
Blank: glacial acetic acid
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Dissolve sample in 50 mL of glacial acetic acid. Titrate with Titrant. Perform the
Blank determination, and make any necessary correction. Each mL of 0.1 N perchloric
acid is equivalent to 67.68 mg of atropine sulfate (C17 H23 NO3 )2 ·H2 SO4 .
Acceptance criteria: 98.5%–101.0% on the anhydrous basis
Buffer: 1.8 g/L of monobasic potassium phosphate and 2.5 g/L of sodium 1pentanesulfonate monohydrate, adjusted with phosphoric acid to a pH of 2.5
Diluent: Acetonitrile and Buffer (20:80)
Solution A: Acetonitrile and Buffer (5:95)
Solution B: Acetonitrile and Buffer (80:20)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
92
8
11
79
21
15
46
54
15.1
92
8
20
92
8
[Note—The gradient was established on an HPLC system with a dwell volume of
approximately 0.8 mL. The injection time can be adjusted relative to the start of a run
to accommodate changes in dwell volume from one HPLC system to another to achieve

PF 38(3): May-Jun. 2012

258

the separation described. ]
System suitability solution: 1 µg/mL of USP Hyoscyamine Related Compound A RS and
0.5 mg/mL of USP Atropine Sulfate RS in Diluent
Sensitivity solution: 0.25 µg/mL of USP Atropine Sulfate RS in Diluent
Sample solution: 0.5 mg/mL of Atropine Sulfate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
[Note—See Table 2 for the relative retention times. ]
Resolution: NLT 1.4 between hyoscyamine related compound A and atropine, System
suitability solution
Tailing factor: 0.8–1.8 for atropine, System suitability solution
Signal-to-noise ratio: NLT 10 for atropine, Sensitivity solution
Relative standard deviation: NMT 1.0 for atropine, System suitability solution
Analysis
Sample: Sample solution
Calculate the percentage of atropine sulfate (C17 H23 NO32 ·H2 SO4 ) in the portion of
Atropine Sulfate taken:
Result = (rU/rT) × 100
r=
U peak response atropine from the Sample solution
r=
T sum of the responses of all the peaks from the Sample solution
Acceptance criteria: NLT 98.0% and NMT 102.0% on the anhydrous basis

1S (USP36)

IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
Change to read:
• Other Alkaloids
Organic Impurities

1S (USP36)

Sample solution: 15 mg/mL of Atropine Sulfate in water
Analysis:
Analysis A: To 5 mL of the Sample solution, add a few drops of Platinic Chloride TS.
Analysis B: To 5 mL of the Sample solution, add 2 mL of 6 N ammonium hydroxide, and
shake vigorously.
Acceptance criteria: The requirements for Analysis A and Analysis B must both be
met.
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Analysis A: No precipitate is formed
Analysis B: A slight opalescence may develop, but no turbidity is produced.
Buffer, Diluent, Solution A, Solution B, Mobile phase, System suitability solution,
Sensitivity solution, Sample solution, Chromatographic system, System
suitability, and Suitability requirements: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Atropine Sulfate taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses of all the peaks from the Sample solution
F= relative response factor for each impurity (see Table 2)
Acceptance criteria: See Table 2.

Name
acida

Tropic
7-Hydroxyhyoscyamineb
Scopolaminec
6-Hydroxyhyoscyamined
Hyoscyamine related compound Ae
Atropine
Littorinef
Apoatropineg
Any individual unspecified impurity
Total impurities

Table 2
Relative
Retention
Time
0.56
0.66
0.72
0.75
0.97
1.0
1.13
1.60
—
—

Relative
Response
Factor
2.1
1.0
1.0
1.0
1.2
1.0
1.2
2.0
1.0
—

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.2
0.2
0.3
—
0.2
0.2
0.1
0.5

PF 38(3): May-Jun. 2012

260

a 3-Hydroxy-2-phenylpropanoic acid; also known as (2RS)-3-hydroxy-2phenylpropanoic acid.
b (1S,3R,5S)-6-Hydroxy-8-methyl-8-azabicyclo[3.2.1]oct-3-yl (S)-3-hydroxy-2phenylpropanoate; also known as (1S,3R,5S,6RS)-6-hydroxy-8-methyl-8azabicyclo[3.2.1]oct-3-yl (2S)-3-hydroxy-2-phenylpropanoate.
c (S)-(1R,2R,4S,5S,7s)-9-Methyl-3-oxa-9-azatricyclo[3.3.1.02,4]nonan-7-yl 3-hydroxy2-phenylpropanoate; also known as (S)-(1R,2R,4S,5S,7s)-9-methyl-3-oxa-9azatricyclo[3.3.1.02,4]non-7-yl (2S)- 3-hydroxy-2-phenylpropanoate.
d (1R,3S,5R)-6-Hydroxy-8-methyl-8-azabicyclo[3.2.1]octan-3-yl (S)-3-hydroxy-2phenylpropanoate; also known as (1R,3S,5R,6RS)-6-hydroxy-8-methyl-8azabicyclo[3.2.1]oct-3-yl (2S)-3-hydroxy-2-phenylpropanoate.
e Norhyoscyamine or (1R,3R,5S)-8-azabicyclo[3.2.1]oct-3-yl(2S)-3-hydroxy-2phenylpropanoate.
f (1R,3r,5S)-8-Methyl-8-azabicyclo[3.2.1]octan-3-yl 2-hydroxy-3-phenylpropanoate;
also known as (1R,3r,5S)-8-methyl-8-azabicyclo[3.2.1]oct-3-yl (2RS)-2-hydroxy-3phenylpropanoate.
g (1R,3r,5S)-8-Methyl-8-azabicyclo[3.2.1]octan-3-yl 2-phenylacrylate; also known as
(1R,3r,5S)-8-methyl-8-azabicyclo[3.2.1]oct-3-yl 2-phenylpropenoate.
1S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class Ia 741 : Not lower than 187 , determined after
drying at 120 for 4 h
[Note—Because anhydrous Atropine Sulfate is hygroscopic, determine its melting temperature
promptly on a specimen placed in the capillary tube immediately after drying. ]
1S (USP36)

Delete the following:
• Optical Rotation, Angular Rotation 781A : The observed rotation, in degrees, multiplied
by 200, and divided by the length, in mm, of the polarimeter tube used, is between
and +0.05 (limit of hyoscyamine).
Sample solution: 1 g, in water to make a volume of 20 mL at 25

1S (USP36)

Add the following:
• Optical Rotation, Specific Rotation 781
Sample solution: 0.1 mg/mL in water
Acceptance criteria: Between

0.50 and +0.05

1S (USP36)

Delete the following:
• Acidity
Sample solution: 0.05 mg/mL of Atropine Sulfate in water
Titrant: 0.020 N sodium hydroxide
Analysis: To 20 mL of Sample solution, and add 1 drop of Methyl Red TS. Titrate with
Titrant.

0.60
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Acceptance criteria: NMT 0.30 mL of Titrant is required to produce a yellow color.
1S (USP36)

• Water Determination, Method I

921 : NMT 4.0%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight,
light-resistant 1S (USP36)
containers.
Change to read:
• USP Reference Standards 11
USP Atropine Sulfate RS
USP Hyoscyamine Related Compound A RS
Norhyoscyamine sulfate; (1R,3r,5S)-8-azabicyclo [3.2.1]oct-3-yl(2S)-3-hydroxy-2phenylpropanoate. C16 H21 NO3
275.34 1S (USP36)
BRIEFING
Benzethonium Chloride Concentrate, USP 35 page 2318. As part of the USP modernization
effort, it is proposed to delete the Identification test containing toxic mercuric chloride,
because there are already two other identification tests for this product. Furthermore, the
monograph has been reformatted in the monograph redesign style.
(SM1: B. Davani.)
Correspondence Number—C108615

Comment deadline: July 31, 2012
Benzethonium Chloride Concentrate
DEFINITION
Benzethonium Chloride Concentrate contains NLT 94.0% and NMT 106.0% of the labeled
amount of benzethonium chloride (C27 H42 ClNO2 ).
IDENTIFICATION
• A.
Sample: Evaporate a volume of the Concentrate, equivalent to 200 mg of benzethonium
chloride, on a steam bath.
Analysis: To the residue add 2 mL of alcohol, 0.5 mL of 2 N nitric acid, and 1 mL of silver
nitrate TS.
Acceptance criteria: A white precipitate, which is insoluble in 2 N nitric acid but soluble in
6 N ammonium hydroxide, is formed.
Delete the following:
• B.
Sample: Evaporate a volume of Concentrate, equivalent to 200 mg of benzethonium
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chloride, on a steam bath.
Acceptance criteria: The residue so obtained forms precipitates with 2 N nitric acid and
with mercuric chloride TS, both of which dissolve upon the addition of alcohol. 1S (USP36)
Change to read:
• C.
B. 1S (USP36)
Sample: Evaporate a volume of the Concentrate, equivalent to 200 mg of benzethonium
chloride, on a steam bath.
Analysis: To the residue add 0.1 g of potassium nitrate, and heat on a steam bath for 3
min. Cautiously dilute the solution with water to 10 mL, add 0.5 g of granulated zinc, and
warm the mixture for 10 min. Cool. Add 0.2 g of sodium nitrite to 1 mL of the clear liquid,
and add this mixture to 20 mg of naphthol dipotassium disulfonate or naphthol disodium
disulfonate in 1 mL of ammonium hydroxide.
Acceptance criteria: The solution turns orange-red, and a brown precipitate may be
formed.
ASSAY
• Procedure
Sample solution: Equivalent to 200 mg of benzethonium chloride from a volume of
Concentrate, in a glass-stoppered flask
Analysis: Add 0.4 mL of bromophenol blue solution (1 in 2000), 10 mL of chloroform, and 1
mL of 1 N sodium hydroxide. Titrate with 0.02 M sodium tetraphenylboron VS until the blue
color disappears from the chloroform layer. Add the last portions of the sodium
tetraphenylboron solution dropwise, agitating vigorously after each addition. Each mL of
0.02 M sodium tetraphenylboron is equivalent to 8.962 mg of benzethonium chloride
(C27 H42 ClNO2 ).
Acceptance criteria: 94.0%–106.0% of the labeled amount of benzethonium chloride
IMPURITIES
• Limit of Nitrites
Sample: One drop of Concentrate on a spot plate
Analysis: To the Sample add one drop each of glacial acetic acid, sulfanilic acid in acetic
acid solution (1 in 100), and 1-naphthylamine-acetic acid solution (prepared by boiling 30
mg of 1-naphthylamine in 70 mL of water, decanting the colorless solution from the blueviolet residue, and mixing with 30 mL of glacial acetic acid).
Acceptance criteria: No red color develops in the resulting solution within 10 min.
SPECIFIC TESTS
• Oxidizing Substances
Sample: 5 mL
Analysis: To the Sample add 0.5 mL of potassium iodide TS and a few drops of 3 N
hydrochloric acid.
Acceptance criteria: The solution does not acquire a yellow color.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at room
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temperature.
• Labeling: The label states that this article is not intended for direct administration to
humans or animals.
BRIEFING
Benzethonium Chloride Topical Solution, USP 35 page 2318. As part of the USP
modernization effort, it is proposed to delete the Identification test containing toxic mercuric
chloride because there are already two other identification tests for this product.
Furthermore, the monograph has been reformatted in the monograph redesign style.
(SM1: B. Davani.)
Correspondence Number—C108616

Comment deadline: July 31, 2012
Benzethonium Chloride Topical Solution
DEFINITION
Benzethonium Chloride Topical Solution contains NLT 95.0% and NMT 105.0% of the labeled
amount of benzethonium chloride (C27 H42 ClNO2 ).
IDENTIFICATION
• A.
Sample solution: Evaporate a volume of Topical Solution, equivalent to 200 mg of
benzethonium chloride, on a steam bath.
Analysis: To the residue add 2 mL of alcohol, 0.5 mL of 2 N nitric acid, and 1 mL of silver
nitrate TS.
Acceptance criteria: A white precipitate, which is insoluble in 2 N nitric acid but soluble in
6 N ammonium hydroxide, is formed.
Delete the following:
• B.
Sample solution: Evaporate a volume of Topical Solution, equivalent to 200 mg of
benzethonium chloride, on a steam bath.
Acceptance criteria: The residue so obtained forms precipitates with 2 N nitric acid and
with mercuric chloride TS, both of which dissolve upon the addition of alcohol. 1S (USP36)
Change to read:
• C.
B. 1S (USP36)
Sample solution: Evaporate a volume of Topical Solution, equivalent to 200 mg of
benzethonium chloride, on a steam bath.
Analysis: To the residue add 0.1 g of potassium nitrate, and heat on a steam bath for 3
min. Cautiously dilute the solution with water to 10 mL, add 0.5 g of granulated zinc, and
warm the mixture for 10 min. Cool. Add 0.2 g of sodium nitrite to 1 mL of the clear liquid,
and add this mixture to 20 mg of naphthol dipotassium disulfonate or naphthol disodium
disulfonate in 1 mL of ammonium hydroxide.
Acceptance criteria: The solution turns orange-red, and a brown precipitate may be
formed.
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ASSAY
• Procedure
Sample solution: Equivalent to 200 mg of benzethonium chloride from a volume of Topical
Solution, in a glass-stoppered flask.
Analysis: Add 0.4 mL of bromophenol blue solution (1 in 2000), 10 mL of chloroform, and 1
mL of 1 N sodium hydroxide. Titrate with 0.02 M sodium tetraphenylboron VS until the blue
color disappears from the chloroform layer. Add the last portions of the sodium
tetraphenylboron solution dropwise, agitating vigorously after each addition. Each mL of
0.02 M sodium tetraphenylboron is equivalent to 8.962 mg of benzethonium chloride
(C27 H42 ClNO2 ).
Acceptance criteria: 95.0%–105.0% of the labeled amount of benzethonium chloride
IMPURITIES
• Organic Impurities, Limit of Nitrites
Sample: One drop of Topical Solution on a spot plate
Analysis: To the Sample add one drop each of glacial acetic acid, sulfanilic acid in acetic
acid (1 in 100), and 1-naphthylamine–acetic acid solution (prepared by boiling 30 mg of 1naphthylamine in 70 mL of water, decanting the colorless solution from the blue-violet
residue, and mixing with 30 mL of glacial acetic acid).
Acceptance criteria: No red color develops in the resulting solution within 10 min.
SPECIFIC TESTS
• Oxidizing Substances
Sample: 5 mL
Analysis: To the Sample add 0.5 mL of potassium iodide TS and a few drops of 3 N
hydrochloric acid.
Acceptance criteria: The solution does not acquire a yellow color.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
BRIEFING
Calcium Acetate, USP 35 page 2438. It is proposed to revise the Water Determination test to
decrease the amounts of sample and solvent used, matching the test procedure in the 7th
Edition of the European Pharmacopoeia. The commenter has noted that the current
procedure is difficult to execute because of the time it takes to pre-titrate the residual
moisture in the solvent. The following revisions are proposed:
1.
Change the sample amount from 0.7 to 0.100 g
2.
Change the amount of glacial acetic acid added to the titration vessel, in addition to
the methanol, from 20.0 to 2 mL.
(SM4: M. Koleck, D. Vicchio.)
Correspondence Number—C93706

Comment deadline: July 31, 2012
Calcium Acetate
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158.17

Acetic acid, calcium salt;
Calcium acetate
[62-54-4].
DEFINITION
Calcium Acetate contains NLT 99.0% and NMT 100.5% of calcium acetate (C4 H6 CaO4 ),
calculated on the anhydrous basis.
IDENTIFICATION
• A. Identification Tests—General, Calcium 191 and Acetate
Sample solution: 50 mg/mL
Acceptance criteria: Meets the requirements

191

ASSAY
• Procedure
Sample: 300 mg
Analysis: Dissolve the Sample in 150 mL of water containing 2 mL of 3 N hydrochloric acid.
While stirring, preferably with a magnetic stirrer, add about 30 mL of 0.05 M edetate
disodium VS from a 50-mL buret. Add 15 mL of 1 N sodium hydroxide and 300 mg of
hydroxy naphthol blue, and continue the titration to a blue endpoint. Each mL of 0.05 M
edetate disodium is equivalent to 7.909 mg of calcium acetate (C4 H6 CaO4 ).
Acceptance criteria: 99.0%–100.5% on the anhydrous basis
IMPURITIES
• Arsenic, Method I

211 : NMT 3 ppm

• Chloride and Sulfate, Chloride 221
Standard: 0.70 mL of 0.020 N hydrochloric acid
Sample: 1.0 g
Acceptance criteria: 0.05%
• Chloride and Sulfate, Sulfate 221
Standard: 0.15 mL of 0.020 N sulfuric acid
Sample: 0.25 g
Acceptance criteria: 0.06%
• Heavy Metals, Method I 231
Test preparation: Dissolve 0.8 g of Calcium Acetate in 20 mL of water. Add 3.0 mL of
glacial acetic acid, dilute with water to 25 mL, and adjust with glacial acetic acid to a pH
of 3.8–4.0, measured with a pH meter.
Monitor preparation: Prepare as directed for the Test preparation, 2.0 mL of Standard
Lead Solution being added.

PF 38(3): May-Jun. 2012

266

Acceptance criteria: NMT 25 ppm
• Lead 251 : NMT 10 ppm
• Limit of Aluminum
[Note—Use where it is labeled as intended for parenteral use or for use in hemodialysis or
peritoneal dialysis. ]
Buffer: Dissolve 50 g of ammonium acetate in 150 mL of water, adjust with glacial acetic
acid to a pH of 6.0, and dilute with water to 250 mL.
Aluminum standard solution: 1.0 µg/mL of aluminum. Prepare as directed for Standard
Preparations in Aluminum 206 .
Standard solution: Prepare a solution containing 2.0 mL of Aluminum standard solution, 5
mL of Buffer, and 48 mL of water, and extract this solution with successive portions of 10,
10, and 5 mL of 0.5% 8-hydroxyquinoline in chloroform. Combine the chloroform extracts in
a 50-mL volumetric flask. Dilute the combined extracts with chloroform to volume.
Sample solution: Dissolve 1.0 g of Calcium Acetate in 50 mL of water, and add 5 mL of
Buffer. Extract this solution with successive portions of 10, 10, and 5 mL of 0.5% 8hydroxyquinoline in chloroform. Combine the chloroform extracts in a 50-mL volumetric
flask. Dilute the combined extracts with chloroform to volume.
Blank solution: Prepare a solution containing 50 mL of water and 5 mL of Buffer. Extract
this solution with successive portions of 10, 10, and 5 mL of 0.5% 8-hydroxyquinoline in
chloroform. Combine the chloroform extracts in a 50-mL volumetric flask. Dilute the
combined extracts with chloroform to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Fluorescence
Excitation wavelength: 392 nm
Emission wavelength: 518 nm
Analysis
Samples: Standard solution, Sample solution, and Blank solution
Use the Blank solution to zero the instrument.
Acceptance criteria: 2 ppm; the fluorescence of the Sample solution is NMT that of the
Standard solution.
• Limit of Barium
[Note—Use where it is labeled as intended for use in hemodialysis or peritoneal dialysis. ]
Barium chloride solution: 500 µg/mL of barium in water from anhydrous barium chloride
Buffer: Ammonium sulfate solution (1 in 10)
Standard solution: To a tube add 1 g of ammonium acetate, 2 mL of 1 N hydrochloric
acid, 3.0 mL of Barium chloride solution, and sufficient water to bring the volume to 40
mL.
Sample stock solution: 250 mg/mL of Calcium Acetate and 25 mg/mL of ammonium
acetate in 1 N hydrochloric acid. The pH of this solution is 4.5–5.5. Filter, and cover the
solution.
Sample solutions: To four separate tubes add 1.0, 1.5, 2.0, and 2.5 mL of Barium chloride
solution. To each tube add a sufficient volume of the Sample stock solution to bring the
volume to 40 mL.
Analysis: To the Sample solutions and the Standard solution add, with brisk stirring, 3.0
mL of Buffer, and allow to stand for 20 min.
Acceptance criteria: The Sample solutions containing 1.0 and 1.5 mL of Barium chloride
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solution remain clear or are only faintly turbid. The Sample solution containing 2.0 mL of
Barium chloride solution is not more turbid than the Standard solution.
• Limit of Fluoride
[Note—Prepare and store all solutions in plastic containers. ]
Buffer: 294 mg/mL of sodium citrate dihydrate in water
Standard stock solution: 1.11 mg/mL of USP Sodium Fluoride RS in water
Standard solution: Combine 20.0 mL of Standard stock solution with 50.0 mL of Buffer,
and dilute with water to 100.0 mL. Equivalent to 100 µg/mL of fluoride
Sample solution: Transfer 2.0 g of Calcium Acetate to a beaker containing a plasticcoated stirring bar. Add 20.0 mL of water and 2.0 mL of hydrochloric acid, and stir until
dissolved. Add 50.0 mL of Buffer and sufficient water to make 100 mL.
Electrode system: Use a fluoride-specific, ion-indicating electrode and a silver–silver
chloride reference electrode connected to a pH meter capable of measuring potentials
with a minimum reproducibility of ±0.2 mV (see pH
Analysis
Samples: Standard solution and Sample solution

791 ).

Transfer 50.0 mL of Buffer and 2.0 mL of hydrochloric acid to a beaker, and add water to
make 100 mL. Add a plastic-coated stirring bar, insert the electrodes into the solution, stir
for 15 min, and read the potential, in mV. Continue stirring, and at 5-min intervals add
100, 100, 300, and 500 µL of the Standard solution, reading the potential 5 min after each
addition. Plot the logarithms of the cumulative fluoride ion concentrations (0.1, 0.2, 0.5,
and 1.0 µg/mL) versus potential, in mV.
Rinse and dry the electrodes, insert them into the Sample solution, stir for 5 min, and read
the potential, in mV. From the measured potential and the standard response line
determine the concentration, C, in µg/mL, of fluoride ion in the Sample solution.
Calculate the amount of fluoride (ppm) in the sample taken by multiplying C by 50.
Acceptance criteria: 50 ppm
• Limit of Magnesium
[Note—Use where it is labeled as intended for use in hemodialysis or peritoneal dialysis. The
Standard solution and the Sample solutions may be modified, if necessary, to obtain
solutions of suitable concentrations, adaptable to the linear or working range of the
instrument. ]
Standard stock solution: 1000 µg/mL of magnesium in 1 N nitric acid from magnesium
oxide
Standard solution: 5.0 µg/mL of magnesium from the Standard stock solution
Sample solution: 2 mg/mL of Calcium Acetate
Linearity solution A: Dilute 20.0 mL of the Sample solution with water to 25.0 mL (0
µg/mL of magnesium).
Linearity solution B: Dilute 2.0 mL of the Standard solution and 20.0 mL of the Sample
solution with water to 25.0 mL (0.4 µg/mL of magnesium).
Linearity solution C: Dilute 4.0 mL of the Standard solution and 20.0 mL of the Sample
solution with water to 25.0 mL (0.8 µg/mL of magnesium).
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 285.2 nm

851 .)
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Flame: Air–acetylene
Lamp: Magnesium hollow-cathode
Blank: Water
Analysis
Samples: Linearity solutions A, B, and C
Plot the absorbances of the Linearity solutions versus their content of magnesium (0, 0.4,
and 0.8 µg/mL), draw the straight line best fitting the three points, and extrapolate the
line until it intercepts the concentration axis. From the intercept determine the amount, in
µg/mL, of magnesium in the Sample solution.
Calculate the percentage of magnesium in the sample by multiplying this value by 0.0625.
Acceptance criteria: NMT 0.05%
• Limit of Nitrate
Sample solution: 100 mg/mL of Calcium Acetate in water
Analysis: To 10 mL of the Sample solution add 5 mg of sodium chloride, 0.05 mL of indigo
carmine TS, and, with stirring, 10 mL of nitrogen-free sulfuric acid.
Acceptance criteria: The blue color persists for NLT 10 min.
• Limit of Potassium
[Note—Use where it is labeled as intended for use in hemodialysis or peritoneal dialysis. The
Standard solution and Sample solutions may be modified, if necessary, to obtain solutions
of suitable concentrations, adaptable to the linear or working range of the instrument. ]
Standard stock solution: 23.84 mg/mL of potassium chloride, using potassium chloride
previously dried at 105 for 2 h, equivalent to 12.5 mg/mL of potassium
Standard solution: 31.25 µg/mL of potassium from the Standard stock solution
Sample solution: 12.5 mg/mL of Calcium Acetate
Linearity solution A: Dilute 20.0 mL of the Sample solution with water to 25.0 mL (0
µg/mL of potassium).
Linearity solution B: Dilute 2.0 mL of the Standard solution and 20.0 mL of the Sample
solution with water to 25.0 mL (2.5 µg/mL of potassium).
Linearity solution C: Dilute 4.0 mL of the Standard solution and 20.0 mL of the Sample
solution with water to 25.0 mL (5.0 µg/mL of potassium).
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 766.7 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Linearity solutions A, B, and C

851 .)

Plot the absorbances of the Linearity solutions versus their content of potassium (0, 2.5,
and 5.0 µg/mL), draw the straight line best fitting the three points, and extrapolate the
line until it intercepts the concentration axis. From the intercept determine the amount, in
µg/mL, of potassium in the Sample solution.
Calculate the percentage of potassium in the sample by multiplying this value by 0.01.
Acceptance criteria: NMT 0.05%
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• Limit of Sodium
[Note—Use where it is labeled as intended for use in hemodialysis or peritoneal dialysis. The
Standard solution and the Sample solutions may be modified, if necessary, to obtain
solutions of suitable concentrations, adaptable to the linear or working range of the
instrument. ]
Standard stock solution: 25.42 mg/mL of sodium chloride, using sodium chloride previously
dried at 105 for 2 h, equivalent to 10.0 mg/mL of sodium
Standard solution: 250 µg/mL of sodium from the Standard stock solution
Sample solution: 10 mg/mL of Calcium Acetate
Linearity solution A: Dilute 20.0 mL of the Sample solution with water to 25.0 mL (0
µg/mL of sodium).
Linearity solution B: Dilute 2.0 mL of the Standard solution and 20.0 mL of the Sample
solution with water to 25.0 mL (20 µg/mL of sodium).
Linearity solution C: Dilute 4.0 mL of the Standard solution and 20.0 mL of the Sample
solution with water to 25.0 mL (40 µg/mL of sodium).
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 589.0 nm
Lamp: Sodium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Linearity solutions A, B, and C

851 .)

Plot the absorbances of the Linearity solutions versus their content of sodium (0, 20, and
40 µg/mL), draw the straight line best fitting the three points, and extrapolate the line
until it intercepts the concentration axis. From the intercept determine the amount, in
µg/mL, of sodium in the Sample solution.
Calculate the percentage of sodium in the sample by multiplying this value by 0.0125.
Acceptance criteria: NMT 0.5%
• Limit of Strontium
[Note—Use where it is labeled as intended for use in hemodialysis or peritoneal dialysis. The
Standard solution and Sample solutions may be modified, if necessary, to obtain solutions
of suitable concentrations, adaptable to the linear or working range of the instrument. ]
Standard stock solution: 2.45 mg/mL of strontium acetate in water, equivalent to 1000
µg/mL of strontium
Standard solution: 50.0 µg/mL of strontium from the Standard stock solution
Sample solution: 20 mg/mL of Calcium Acetate
Linearity solution A: Dilute 20.0 mL of the Sample solution with water to 25.0 mL (0
µg/mL of strontium).
Linearity solution B: Dilute 2.0 mL of the Standard solution and 20.0 mL of the Sample
solution with water to 25.0 mL (4 µg/mL of strontium).
Linearity solution C: Dilute 4.0 mL of the Standard solution and 20.0 mL of the Sample
solution with water to 25.0 mL (8 µg/mL of strontium).
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: Atomic absorption spectrophotometry
Analytical wavelength: 460.7 nm
Lamp: Strontium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Water
Analysis
Samples: Linearity solutions A, B, and C
Plot the absorbances of the Linearity solutions versus their content of strontium (0, 4,
and 8 µg/mL), draw the straight line best fitting the three points, and extrapolate the line
until it intercepts the concentration axis. From the intercept determine the amount, in
µg/mL, of strontium in the Sample solution.
Calculate the percentage of strontium in the sample by multiplying this value by 0.00625.
Acceptance criteria: NMT 0.05%
• Readily Oxidizable Substances
Sample solution: 20 mg/mL of Calcium Acetate in boiling water
Analysis: Add a few glass beads to 100 mL of the Sample solution, 6 mL of 10 N sulfuric
acid, and 0.3 mL of 1 N potassium permanganate. Mix, boil gently for 5 min, and allow the
precipitate to settle.
Acceptance criteria: The pink color in the supernatant is not completely discharged.
SPECIFIC TESTS
• pH 791
Sample solution: 50 mg/mL
Acceptance criteria: 6.3–9.6
Change to read:
• Water Determination, Method I
Sample: 0.7 g
0.100 g 1S (USP36)

921

Analysis: Proceed as directed in the chapter, adding 20.0 mL
2 mL 1S (USP36)
of glacial acetic acid to the titration vessel in addition to the methanol.
Acceptance criteria: NMT 7.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Where Calcium Acetate is intended for use in hemodialysis or peritoneal dialysis, it
is so labeled.
• USP Reference Standards
USP Sodium Fluoride RS

11
BRIEFING

Calcium Pantothenate, USP 35 page 2461. On the basis of comments received and as part of
the USP monograph modernization efforts, it is proposed to replace the tests for Nitrogen
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Determination and Content of Calcium with an HPLC Assay, and to add a test for Related
Compounds to characterize the impurities. The removal of the test for Nitrogen
Determination would eliminate attempts to adulterate calcium pantothenate with nitrogenrich substances such as melamine. The proposed HPLC procedures in the Assay and in the
test for Related Compounds are based on analyses performed with the Phenomenex Gemini
brand of L1 column. The typical retention times for pantothenate and panthenol are 3.6 and
4.0 min, respectively. In addition, it is proposed to move the test for Optical Rotation from
the Specific Tests to the Identification category in order to strengthen the monograph
identification.
(DS: H. Dinh.)
Correspondence Number—C101822

Comment deadline: July 31, 2012
Calcium Pantothenate

C18 H32 CaN2 O10

476.53

-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-;
Calcium d-pantothenate (1:2)
[137-08-6].
DEFINITION
Change to read:
Calcium Pantothenate is the calcium salt of the dextrorotatory isomer of pantothenic acid. It
contains NLT 5.7% and NMT 6.0% of nitrogen (N), and NLT 8.2% and NMT 8.6% of calcium
(Ca), both calculated on the dried basis.
NLT 98.0% and NMT 102.0% of calcium pantothenate (C18 H32 CaN2 O10 ), calculated on the
dried basis. 1S (USP36)

IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Calcium
requirements.

191 : A 50-mg/mL solution meets the

Add the following:
• C. Optical Rotation, Specific Rotation
Sample solution: 50 mg/mL in water
Acceptance criteria: +25.0 to +27.5

781S
1S (USP36)

COMPOSITION
Delete the following:
• Nitrogen Determination, Method I 461
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Sample: 500 mg
Analysis: Proceed as directed in the chapter.
Acceptance criteria: 5.7%–6.0% on the dried basis

1S (USP36)

Delete the following:
• Content of Calcium
Sample: 800 mg of Calcium Pantothenate
Blank: 150 mL of water containing 2 mL of 3 N hydrochloric acid
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 150 mL of water containing 2 mL of 3 N hydrochloric acid.
Add 15 mL of 1 N sodium hydroxide and 300 mg of hydroxy naphthol blue, and titrate with
Titrant to a distinct blue endpoint. Perform the Blank determination.
Calculate the percentage of calcium (Ca) in the Sample taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mM/mL)
F= equivalency factor, 40.08 mg/mM
W= Sample weight (mg)
Acceptance criteria: 8.2%–8.6% on the dried basis

1S (USP36)

ASSAY
Add the following:
• Procedure
Buffer solution: 5 g/L of monobasic potassium phosphate in water, adjusted with
phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
System suitability solution: 0.5 mg/mL of USP Calcium Pantothenate RS and 0.1 mg/mL
of USP Racemic Panthenol RS in water
Standard solution: 0.5 mg/mL of USP Calcium Pantothenate RS in water
Sample solution: 0.5 mg/mL of Calcium Pantothenate in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
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[Note—The relative retention times for pantothenate and panthenol are 1.0 and 1.1,
respectively. ]
Suitability requirements
Resolution: NLT 1.5 between pantothenate and panthenol, System suitabillity solution
Tailing factor: NLT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of
Calcium Pantothenate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U concentration of Calcium Pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis 1S (USP36)
OTHER COMPONENTS
Add the following:
• Content of Calcium
Sample: 800 mg of Calcium Pantothenate
Blank: 150 mL of water containing 2 mL of 3 N hydrochloric acid
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 150 mL of water containing 2 mL of 3 N hydrochloric acid.
Add 15 mL of 1 N sodium hydroxide and 300 mg of hydroxy naphthol blue, and titrate with
Titrant to a distinct blue endpoint. Perform the Blank determination.
Calculate the percentage of calcium (Ca) in the Sample taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mmol/mL)
F= equivalency factor, 40.08 mg/mmol
W= Sample weight (mg)
Acceptance criteria: 8.2%–8.6% on the dried basis
IMPURITIES
• Heavy Metals 231
Test preparation: 1.0 g in 25 mL of water

1S (USP36)
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Acceptance criteria: NMT 20 µg/g
• Ordinary Impurities 466
Standard solution: Use water as the solvent. Use USP Beta Alanine RS as the Standard in
place of USP Calcium Pantothenate RS.
Test solution: Use water as the solvent.
Eluant: Alcohol and water (65:35)
Visualization: 4
Acceptance criteria: NMT 1.0%
Add the following:
• Related Compounds
Buffer solution, Mobile phase, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Calcium Pantothenate taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria
Individual impurity: NMT 0.1%
Total impurities: NMT 2.0%
1S (USP36)

SPECIFIC TESTS
Delete the following:
• Optical Rotation, Specific Rotation 781S
Sample solution: 50 mg/mL in water
Acceptance criteria: +25.0 to +27.5 1S (USP36)
• Alkalinity
Sample: 1.0 g
Analysis: Dissolve the Sample in 15 mL of carbon dioxide-free water in a small flask. As
soon as the solution is complete, add 1.0 mL of 0.10 N hydrochloric acid, then add 0.05
mL of phenolphthalein TS.
Acceptance criteria: No pink color is produced within 5 s.
• Loss on Drying 731 :
Analysis: Dry a sample at 105 for 3 h.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Beta Alanine RS

11
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USP Calcium Pantothenate RS
USP Racemic Panthenol RS
BRIEFING
Dorzolamide Hydrochloride Ophthalmic Solution. Because there is no existing USP
monograph for this drug product, a new monograph based on validated methods of analysis
is proposed. The liquid chromatographic procedure used in the Assay and in the test for
Organic Impurities is based on analyses performed with Zorbax Rx-C8 or Zorbax SB-C8
brands of L7 column. The typical retention time for dorzolamide is about 11 min.
(SM3: F. Mao, R. Tirumalai.)
Correspondence Number—C96686

Comment deadline: July 31, 2012
Add the following:
Dorzolamide Hydrochloride Ophthalmic Solution
DEFINITION
Dorzolamide Hydrochloride Ophthalmic Solution is a sterile, isotonic, buffered, slightly viscous,
aqueous solution of Dorzolamide Hydrochloride. It contains an amount of Dorzolamide
Hydrochloride (C10 H16 N2 O4 S3 ·HCl) equivalent to NLT 90.0% and NMT 110.0% of the labeled
amount of dorzolamide (C10 H16 N2 O4 S3 ). It may contain a suitable preservative.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution: 5.0 mg/mL of USP Dorzolamide Hydrochloride RS in methanol
Sample solution: Equivalent to 5.0 mg/mL of dorzolamide from Ophthalmic Solution in
methanol
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture or equivalent
Application volume: 20 µL
Developing solvent system: Methylene chloride, methanol, and ammonium hydroxide
(80:20:1)
Analysis: Spot the Standard solution and Sample solution approximately 2 cm from the
bottom of the plate. Evaporate the solvent using a current of air. Saturate the developing
tank with the Developing solvent system, and equilibrate for approximately 1 h prior to
use. Develop the chromatogram in the Developing solvent system until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
developing tank, and allow the plate to air-dry in a fume hood. Examine the plate under
short-wavelength UV light at 254 nm, or expose to iodine vapors.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
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Buffer: Fill a 1-L volumetric flask approximately two-thirds full of water. Add 2.0 mL of
phosphoric acid, and dilute with water to 900 mL. Adjust with triethylamine to a pH of 3.0,
and dilute with water to volume.
Mobile phase: Acetonitrile and Buffer (5:95)
Standard solution: 0.11 mg/mL of USP Dorzolamide Hydrochloride RS and 0.5 µg/mL each
of USP Dorzolamide Related Compound B RS and USP Dorzolamide Related Compound D RS
in Mobile phase
Sample solution: Equivalent to 0.1 mg/mL of dorzolamide from Ophthalmic Solution in
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 253 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times. ]
Suitability requirements
Resolution: NLT 3.0 between dorzolamide and dorzolamide related compound D; and
NLT 3.0 between dorzolamide and dorzolamide related compound B
Tailing factor: NMT 1.8 for the dorzolamide peak
Relative standard deviation: NMT 2.0% for the dorzolamide peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dorzolamide (C10 H16 N2 O4 S3 ) in the portion of Ophthalmic
Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of dorzolamide from the Sample solution
rS= peak response of dorzolamide from the Standard solution
CS= concentration of USP Dorzolamide Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of dorzolamide in the Sample solution (mg/mL)
Mr1
= molecular weight of dorzolamide, 324.44
Mr2
= molecular weight of dorzolamide hydrochloride, 360.90
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
Mobile phase, Standard solution, Sample solution, and System suitability: Proceed as
directed in the Assay.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Proceed as directed in the Assay. In addition the run time is at least 1.4 times the
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retention time of dorzolamide.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dorzolamide related compound D in the portion of Ophthalmic
Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of dorzolamide related compound D from the Sample solution
rS= peak area of dorzolamide related compound D from the Standard solution
CS= concentration of USP Dorzolamide Related Compound D RS in the Standard solution
(mg/mL)
CU= nominal concentration of dorzolamide in the Sample solution (mg/mL)
Mr1
= molecular weight of dorzolamide, 324.44
Mr2
= molecular weight of dorzolamide related compound D, 332.85
Calculate the percentage of dorzolamide related compound B in the portion of Ophthalmic
Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of dorzolamide related compound B from the Sample solution
rS= peak area of dorzolamide related compound B from the Standard solution
CS= concentration of USP Dorzolamide Related Compound B RS in the Standard solution
(mg/mL)
CU= nominal concentration of dorzolamide in the Sample solution (mg/mL)
Mr1
= molecular weight of dorzolamide, 324.44
Mr2
= molecular weight of dorzolamide related compound B, 360.90
Calculate the percentage of each individual unspecified impurity in the portion of
Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of dorzolamide from the Standard solution
CS= concentration of USP Dorzolamide Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of dorzolamide in the Sample solution (mg/mL)
Mr1
= molecular weight of dorzolamide, 324.44
Mr2
= molecular weight of dorzolamide hydrochloride, 360.90
Acceptance criteria
Individual impurities: See Table 1.
Table 1

Name
Dorzolamide related compound Da

Relative
Retention
Time
0.87

Acceptance
Criteria,
NMT (%)
0.5
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Dorzolamide
Dorzolamide related compound Bb
Total impuritiesc

1.00
1.14
—

—
2.0
3.0

a (4S,6S)-4-Amino-6-methyl-5,6-dihydro-4H-thieno[2,3-b]thiopyran-2-sulfonamide 7,7dioxide hydrochloride.
b (4RS,6SR)-4-(Ethylamino)-6-methyl-5,6-dihydro-4H-thieno[2,3-b]thiopyran-2sulfonamide 7,7-dioxide hydrochloride.
c The sum of dorzolamide related compound D, dorzolamide related compound B, and all
unspecified impurities.
SPECIFIC TESTS
• Sterility Tests
• pH

71 : Meets the requirements

791 : 5.5–5.8, at 22

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers protected from light, at controlled
room temperature.
• USP Reference Standards 11
USP Dorzolamide Hydrochloride RS
USP Dorzolamide Related Compound B RS
(4R,6S)-4-(Ethylamino)-6-methyl-5,6-dihydro-4H-thieno[2,3-b]thiopyran-2-sulfonamide
7,7-dioxide hydrochloride.
C10 H16 N2 O4 S3 ·HCl
360.90
USP Dorzolamide Related Compound D RS
(4S,6S)-4-Amino-6-methyl-5,6-dihydro-4H-thieno[2,3-b]thiopyran-2-sulfonamide 7,7dioxide hydrochloride.
C8 H12 N2 O4 S3 ·HCl
332.85
1S (USP36)

BRIEFING
Dorzolamide Hydrochloride and Timolol Maleate Ophthalmic Solution. Because there is no
existing USP monograph for this drug product, a new monograph based on validated methods
of analysis is proposed.
1.
The liquid chromatographic procedures for Dorzolamide in the Assay and in Organic
Impurities are based on the analyses performed with Zorbax Rx-C8 or Zorbax SB-C8
brands of L7 column. The typical retention time for dorzolamide is about 12 min.
2.
The liquid chromatographic procedures for Timolol in the Assay and in Organic
Impurities are based on the analyses performed with Inertsil ODS-2 or Symmetry C18
brands of L1 column. The typical retention time for timolol is about 8 min.
(SM3: F. Mao, R. Tirumalai.)
Correspondence Number—C96837

Comment deadline: July 31, 2012
Add the following:
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Dorzolamide Hydrochloride and Timolol Maleate Ophthalmic Solution
DEFINITION
Dorzolamide Hydrochloride and Timolol Maleate Ophthalmic Solution is a sterile, isotonic,
buffered, slightly viscous, aqueous solution of the combination of Dorzolamide Hydrochloride and
Timolol Maleate. It contains an amount of Dorzolamide Hydrochloride (C10 H16 N2 O4 S3 ·HCl)
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of dorzolamide
(C10 H16 N2 O4 S3 ), and also contains an amount of Timolol Maleate (C13 H24 N4 O3 S·C4 H4 O4 )
equivalent to NLT 90.0% and NMT 110.0% of the labeled amount of timolol (C13 H24 N4 O3 S). It
may contain a suitable preservative.
IDENTIFICATION
• A. Thin-Layer Chromatographic Identification Test 201
Standard solution A: 1.5 mg/mL of USP Timolol Maleate RS in methanol
Standard solution B: 5.0 mg/mL of USP Dorzolamide Hydrochloride RS in methanol
Sample solution: Equivalent to 5.0 mg/mL of dorzolamide from Ophthalmic Solution in
methanol
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture or equivalent
Application volume: 20 µL
Developing solvent system: Methylene chloride, methanol, and ammonium hydroxide
(80:20:1)
Analysis: Spot the Standard solution and Sample solution approximately 2 cm from the
bottom of the plate. Evaporate the solvent using a current of air. Saturate the developing
tank with the Developing solvent system, and equilibrate for approximately 1 h prior to
use. Develop the chromatogram in the Developing solvent system until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
developing tank, and allow the plate to air-dry in a fume hood. Examine the plate under
short-wavelength UV light at 254 nm, or expose to iodine vapors.
Acceptance criteria: The RF values of the principal spots from the Sample solution
correspond to the principal spots obtained from Standard solution A and Standard solution
B.
• B. The retention time of the major peak in the Sample solution correspond to that in the
Standard solution, as obtained in the Assay for Dorzolamide.
• C. The retention time of the major peak in the Sample solution corresponds to that in the
Standard solution, as obtained in the Assay for Timolol.
ASSAY
• Dorzolamide
Solution A: Acetonitrile
Solution B: 0.2% (v/v) of phosphoric acid in water
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
5
95
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15.0
5
95
15.1
95
5
20.0
95
5
20.1
5
95
30.0
5
95
Diluent: Acetonitrile and Solution B (5:95)
Standard solution: 0.11 mg/mL of USP Dorzolamide Hydrochloride RS and 0.5 µg/mL each
of USP Dorzolamide Related Compound B RS and USP Dorzolamide Related Compound D RS
in Diluent
Sample solution: Equivalent to 0.1 mg/mL of dorzolamide from Ophthalmic Solution in
Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 253 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—See Table 2 for the relative retention times. ]
Suitability requirements
Resolution: NLT 3.0 between dorzolamide and dorzolamide related compound D; and
NLT 3.0 between dorzolamide and dorzolamide related compound B
Relative standard deviation: NMT 2.0% for the dorzolamide peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dorzolamide (C10 H16 N2 O4 S3 ) in the
portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of dorzolamide from the Sample solution
rS= peak response of dorzolamide from the Standard solution
CS= concentration of USP Dorzolamide Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of dorzolamide in the Sample solution (mg/mL)
Mr1
= molecular weight of dorzolamide, 324.44
Mr2
= molecular weight of dorzolamide hydrochloride, 360.90
Acceptance criteria: 90.0%–110.0%
• Timolol
Buffer: Transfer 22 g of monobasic sodium phosphate into a 2-L volumetric flask. Dissolve
in 1995 mL of water, and adjust with phosphoric acid to a pH of 2.8. Dilute with water to
volume.
Mobile phase: Methanol and Buffer (40:60)
System suitability solution: Transfer 88 mg of USP Timolol Mateate RS into a 50-mL
volumetric flask. Transfer 8 mL of 0.1 M sodium hydroxide into the flask, mix, and heat at
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70 for 15 h. Dilute with Mobile phase to volume, and mix well. Transfer 5 mL of this
solution into a 25-mL volumetric flask, and add 28 mg of USP Dorzolamide Hydrochloride RS
into the same flask. Dilute with Mobile phase to volume. [Note—The preparation generates
timolol impurity G and timolol impurity B. ]
Standard solution: 0.35 mg/mL of USP Timolol Maleate RS in Mobile phase
Sample solution: Equivalent to 0.25 mg/mL of timolol from Ophthalmic Solution in Mobile
phase,
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 295 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—See Table 3 for the relative retention times. ]
Suitability requirements
Resolution: NLT 1.5 between timolol impurity G and timolol impurity B
Relative standard deviation: NMT 2.5% for timolol for five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of timolol (C13 H24 N4 O3 S) in the portion of
Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Timolol Maleate RS in the Standard solution (mg/mL)
CU= nominal concentration of timolol in the Sample solution (mg/mL)
Mr1
= molecular weight of timolol, 316.42
Mr2
= molecular weight of timolol maleate, 432.49
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities: Dorzolamide Hydrochloride
Mobile phase, Standard solution, Sample solution, and Chromatographic system:
Proceed as directed in the Assay for Dorzolamide.
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between dorzolamide and dorzolamide related compound D; and
NLT 3.0 between dorzolamide and dorzolamide related compound B
Relative standard deviation: NMT 2.0% for dorzolamide
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dorzolamide related compound D in the portion of Ophthalmic
Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of dorzolamide related compound D from the Sample solution
rS= peak area of dorzolamide related compound D from the Standard solution
CS= concentration of USP Dorzolamide Related Compound D RS in the Standard solution
(mg/mL)
CU= nominal concentration of dorzolamide in the Sample solution (mg/mL)
Mr1
= molecular weight of dorzolamide, 324.44
Mr2
= molecular weight of dorzolamide related compound D, 332.85
Calculate the percentage of dorzolamide related compound B in the portion of Ophthalmic
Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of dorzolamide related compound B from the Sample solution
rS= peak area of dorzolamide related compound B from the Standard solution
CS= concentration of USP Dorzolamide Related Compound B RS in the Standard solution
(mg/mL)
CU= nominal concentration of dorzolamide in the Sample solution (mg/mL)
Mr1
= molecular weight of dorzolamide, 324.44
Mr2
= molecular weight of dorzolamide related compound B, 360.90
Calculate the percentage of any individual unspecified impurity in the portion of
Ophthalmic Solution taken:
Result = (rU/rT) × 100
r=
U peak area of any individual unspecified impurity from the Sample solution
r=
T sum of the all peak areas from the Sample solution
Acceptance criteria
Individual impurities: See Table 2. Disregard any impurity peaks less than 0.10%.
Table 2

Name
Maleic acid
Dorzolamide related compound Da
Dorzolamide
Dorzolamide related compound Bb
Any individual unspecified impurity
Total impurities

Relative
Retention
Time
0.33
0.83
1.00
1.17
—
—

Acceptance
Criteria,
NMT (%)
Disregard
0.5
—
2.0
0.5
3.0
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a (4S,6S)-4-Amino-6-methyl-5,6-dihydro-4H-thieno[2,3-b]thiopyran-2-sulfonamide 7,7dioxide ydrochloride.
b (4RS,6SR)-4-(Ethylamino)-6-methyl-5,6-dihydro-4H-thieno[2,3-b]thiopyran-2sulfonamide 7,7-dioxide hydrochloride.
• Organic Impurities: Timolol Maleate
Mobile phase, System suitability solution, and Sample solution: Proceed as directed in
the Assay for Timolol.
Standard stock solution: Use the Standard solution as prepared in the Assay.
Standard solution: 3.5 µg/mL of USP Timolol Maleate RS from the Standard stock solution
in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Prepare as directed in the Assay. In addition the run time is at least two times the
retention time of timolol.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between timolol impurity G and timolol impurity B
Relative standard deviation: NMT 2.5% for timolol for five replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Ophthalmic Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
r=
U peak area of each impurity from the Sample solution
r=
S peak area of timolol from the Standard solution
C=
S concentration of USP Timolol Maleate RS in the Standard solution (mg/mL)
C=
U nominal concentration of timolol in the Sample solution (mg/mL)
Mr1
= molecular weight of timolol, 316.42
Mr2
= molecular weight of timolol maleate, 432.49
Acceptance criteria
Individual impurities: See Table 3. Disregard any impurity peaks less than 0.10%.
Table 3

Name
Dorzolamide and maleic acid
Timolol impurity Ga
Timolol impurity Bb
Timolol
Timolol impurity Dc
Any individual unspecified impurity

Relative
Retention
Time
0.49
0.58
0.70
1.00
1.51
—

Acceptance
Criteria,
NMT (%)
Disregard
0.5
0.5
—
0.5
0.5
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Total impurities
—
2.0
a 4-Morpholino-1,2,5-thiadiazol-3-ol 1-oxide.
b 3-(tert-Butylamino)-2-(4-morpholino-1,2,5-thiadiazol-3-yloxy)propan-1-ol.
c 4-Morpholino-1,2,5-thiadiazol-3-ol.
SPECIFIC TESTS
• Sterility Tests
• pH

71 : Meets the requirements

791 : 5.5–5.8, at 22

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers protected from light, at controlled
room temperature.
• USP Reference Standards 11
USP Dorzolamide Hydrochloride RS
USP Dorzolamide Related Compound B RS
(4R,6S)-4-(Ethylamino)-6-methyl-5,6-dihydro-4H-thieno[2,3-b]thiopyran-2-sulfonamide
7,7-dioxide hydrochloride.
C10 H16 N2 O4 S3 ·HCl
360.90
USP Dorzolamide Related Compound D RS
(4S,6S)-4-Amino-6-methyl-5,6-dihydro-4H-thieno[2,3-b]thiopyran-2-sulfonamide 7,7dioxide hydrochloride.
C8 H12 N2 O4 S3 ·HCl
332.85
USP Timolol Maleate RS
1S (USP36)

BRIEFING
Estradiol Pellets, USP 35 page 3104. It is proposed to omit the monograph for the following
reasons. No drug products formulated as defined under Estradiol Pellets are currently
marketed in the United States. The drug product is currently not used in veterinary medicine
in the United States.
(SM4: D. Vicchio.)
Correspondence Number—C111380

Comment deadline: July 31, 2012
Delete the following:
Estradiol Pellets
DEFINITION
Estradiol Pellets are sterile pellets composed of Estradiol in compressed form, without the
presence of any binder, diluent, or excipient. They contain NLT 97.0% and NMT 103.0% of
estradiol (C18 H24 O2 ).
IDENTIFICATION
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• A. Infrared Absorption 197M
• B. Ultraviolet Absorption 197U :
Analytical wavelength: 280 nm
Sample: 50 µg/mL in alcohol
Acceptance criteria: Absorptivities do not differ by more than 3.0%
ASSAY
• Procedure
[Note—The Standard solution, Sample solution and Blank solution should be prepared and
analyzed concomitantly ]
Standard stock solution: 40 µg/mL of USP Estradiol RS in methanol
Standard solution: Transfer 1.0 mL of the Standard stock solution to a glass-stoppered,
16- × 150-mm test tube, and evaporate with the aid of gentle heat and a current of air
to dryness. Using a suitable syringe, add 1.0 mL of iron-phenol TS. Suspend the tube in a
vigorously boiling water bath, and mix after heating for 5 min. Remove the tube after
heating in the water bath for a total of 35 min, and immediately cool in an ice-water bath.
Remove from the ice bath, add 10.0 mL of dilute sulfuric acid (1 in 3) to obtain a
homogeneous solution, and allow to reach room temperature.
Sample stock solution: Nominally 20 mg/mL of estradiol, prepared as follows. Dissolve 100
mg of estradiol from powdered Pellets (NLT 10) in 5 mL of alcohol and chloroform (1:1)
Sample solution: Transfer 1.0 mL of the Sample stock solution to a glass-stoppered, 16- ×
150-mm test tube, and proceed as directed under Standard solution
Blank solution: Using a suitable syringe, add 1.0 mL of iron-phenol TS to a glassstoppered, 16- × 150-mm test tube, and proceed as directed under Standard solution
Spectrometric conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Analytical wavelength: 520 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of estradiol (C18 H24 O2 ) in the portion of Pellets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Estradiol RS in the Standard solution (µg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0%
PERFORMANCE TESTS
• Weight Variation 905
Analysis: Weigh 5 Pellets singly, and calculate the average weight. The average weight is
between 95% and 105% of the labeled weight of C18 H24 O2 , and each Pellet weighs 90%–
110% of the labeled weight of C18 H24 O2 .
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IMPURITIES
• Chromatographic Purity
Mobile Phase: 2,2,4-trimethylpentane, n-butyl chloride and methanol (45:4:1)
Diluent: n-butyl chloride and methanol (5:1)
Sample solution: 0.7 mg/mL of estradiol in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; packing L3
Flow rate: 2 mL/min
Injection size: 10 µL
System suitability
Samples: Sample solution
Suitability requirements
Resolution: NLT 1.0 between estradiol and any other impurity
Column efficiency: NLT 800 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Sample solution
Calculate the percentage of each impurity in the portion of estradiol pellets taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all peak responses from the Sample solution
Acceptance criteria: NMT 0.5% of any individual impurity, and NMT 1.0% total impurities is
founds
• Solubility in Chloroform: A 2.5 mg/mL solution from Pellets in chloroform is clear and
practically free from insoluble residue
SPECIFIC TESTS
• Melting Range or Temperature 741 : 173 –179
[Note—Dry over silica gel NLT 16 h prior to testing ]
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in dioxane
Acceptance criteria: 76 –83
• Water, Method I,
• Sterility Tests

921 : NMT 3.5%

71 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, suitable for maintaining sterile
contents, that hold 1 Pellet each.
• USP Reference Standards

11
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USP Estradiol RS
1S (USP36)

BRIEFING
Ether, USP 35 page 3126. It is proposed to update the support used in the test for Limit of
Low-Boiling Hydrocarbons.
(HDQ: M. Marques.)
Correspondence Number—C112687

Comment deadline: July 31, 2012
Ether

C4 H10 O

74.12

Ethane, 1,1¢-oxybis-;
Ethyl ether
[60-29-7].
DEFINITION
Ether contains NLT 96.0% and NMT 98.0% of ether (C4 H10 O), the remainder consisting of
alcohol and water.
[Caution—Ether is highly volatile and flammable. Its vapor, when mixed with air and ignited,
may explode. ]
[Note—Ether to be used for anesthesia must be preserved in tight containers of NMT 3-kg
capacity, and is not to be used for anesthesia if it has been removed from the original
container longer than 24 h. Ether to be used for anesthesia may, however, be shipped in larger
containers for repackaging in containers as directed above, provided the ether at the time of
repackaging meets the requirements of the tests of this Pharmacopeia. ]
IMPURITIES
• Limit of Nonvolatile Residue
Sample: 50 mL
Analysis: Allow the Sample to evaporate spontaneously from a tared dish, and dry at 105
for 1 h.
Acceptance criteria: 0.003%; the weight of the residue is NMT 1 mg.
Change to read:
• Limit of Low-Boiling Hydrocarbons
Standard solution: Anhydrous ethyl ether, previously tested for absence of hydrocarbons,
as directed for Analysis, and pentane (99.8: 0.2).
Sample solution: Ether
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2-mm × 3.7-m stainless steel; with 30% phase G22 on 30- to 60-mesh support
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1S (USP36)

Temperatures
Column: 80
Injection port: 230
Detector: 250
Flow rate: 30 mL/min
Carrier gas: Nitrogen
Injection volume: 1 µL
Analysis
Samples: Standard solution and Sample solution
[Note—The retention times are about 2.3 min for isopentane, 2.7 min for pentane, and 4.3
min for 2-methylpentane. ]
Measure the total area under the hydrocarbon peaks in the Sample solution.
Acceptance criteria: 0.2%; the total area of the hydrocarbon peaks does not exceed that
of the peak for pentane in the Standard solution.
• Limit of Aldehyde
Solution A: A mixture of 1 mL of alkaline mercuric–potassium iodide TS and 17 mL of a
saturated solution of sodium chloride
Sample: 20 mL
Analysis: Place the Sample in a glass-stoppered cylinder, and add 7 mL of Solution A.
Insert the stopper in the cylinder, shake vigorously for 10 s, and then set aside for 1 min.
Acceptance criteria: The water layer shows no turbidity.
• Limit of Peroxide
Solution A: Cool separately, in small beakers surrounded by crushed ice, 10 mL of 6 N
hydrochloric acid and 10 mL of titanium tetrachloride. Add the titanium tetrachloride
dropwise to the chilled acid. Allow the mixture to stand at ice-bath temperature until all of
the yellow solid dissolves, and dilute the solution with 6 N hydrochloric acid to 1000 mL.
Standard solution: 0.011 mg/mL of H2 O2 , prepared as follows. Pipet 25 mL of hydrogen
peroxide solution into a 1000-mL volumetric flask, and dilute with water to volume. Pipet
15 mL of this solution into a 1000-mL volumetric flask, and dilute with water to volume.
Sample solution: Ether
Instrumental conditions
Mode: Vis
Analytical wavelength: 410 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
To 50 mL of the Sample solution, in a separator, add 5.0 mL of Solution A. Shake
vigorously, allow the layers to separate, and drain the lower layer into a glassstoppered, 25-mL graduated cylinder. Dilute with water to 10.0 mL. Prepare a second
solution by adding 5.0 mL of Solution A and 1.0 mL of Standard solution to a glassstoppered, 25-mL graduated cylinder, and diluting with water to 10.0 mL. Use a suitable
spectrophotometer to determine the colors.
Acceptance criteria: NMT 0.3 ppm; any yellow color in the Sample solution does not
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exceed that in the Standard solution.
SPECIFIC TESTS
• Specific Gravity 841 : 0.713–0.716, indicating 96.0%–98.0% of C4 H10 O
• Acidity
Analysis: Exercise great care to avoid contamination from carbon dioxide when adding the
Ether and titrating. To 10 mL of water in a glass-stoppered flask, add 0.10 mL of
bromothymol blue TS and 0.010 N sodium hydroxide until a blue color persists after
vigorous shaking. Add 25 mL of Ether, and shake briskly to mix the two layers. If no blue
color remains, titrate with 0.010 N sodium hydroxide until the blue color is restored and
persists for several min.
Acceptance criteria: 0.003% as CH3 COOH; NMT 0.80 mL of 0.010 N sodium hydroxide is
required.
• Water Determination, Method I 921 : NMT 0.5%; except where labeled as intended for
anesthetic use, it contains NMT 0.2%.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in partly filled, tight, light-resistant containers, at a
temperature not exceeding 30 remote from fire.
• Labeling: Where Ether is intended for anesthetic use, the label so states.
BRIEFING
Hypromellose, USP 35 page 3467. It is proposed to update the support used in the Assay. The
harmonized table, which is listed online, is replaced with updated text to indicate
harmonization.
(HDQ: M. Marques.)
Correspondence Number—C112689

Comment deadline: July 31, 2012
Hypromellose
Change to read:
Attribute
JP
Definition
+
Labeling
+
Identification (A) +
Identification (B)
+
Identification (C) +
Identification (D) +
Identification (E)
+
Viscosity, Method 1 +
Viscosity, Method 2 +
pH
+
Heavy Metals
+
Loss on Drying
+

EP
+
+
+
+
+
+
+
+
+
+
+
+

USP
+
+
+
+
+
+
+
+
+
+
+
+
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Residue on Ignition +
Assay
+

+
+

+
+

Legend: + will adopt and implement; will not stipulate
Nonharmonized attributes: Packaging and Storage
Specific local attributes: Appearance of solution (EP), Description (JP), Limit of glyoxal (EP)
Portions of this monograph that are national USP text, and are not part of the harmonized
text, are marked with symbols (

) to specify this fact.

1S (USP36)

Cellulose, 2-hydroxypropyl methyl ether;
Cellulose hydroxypropyl methyl ether
[9004-65-3].
DEFINITION
Hypromellose is a methyl and hydroxypropyl mixed ether of cellulose. It contains, calculated on
the dried basis, methoxy (–OCH3 : 31.03) and hydroxypropoxy (–OC3 H6 OH: 75.09) groups
conforming to the limits for the types of Hypromellose (hydroxypropyl methylcellulose) set forth
in the table below.
Methoxy
(%)
Substitution Type
1828
2208
2906
2910

Min.
16.5
19.0
27.0
28.0

Max.
20.0
24.0
30.0
30.0

Hydroxypropoxy
(%)
Min.
23.0
4.0
4.0
7.0

Max.
32.0
12.0
7.5
12.0

IDENTIFICATION
• A.
Sample: 1 g
Analysis: Gently add the Sample to the top of 100 mL of water in a beaker, and allow to
disperse over the surface, tapping the top of the container to ensure an even dispersion
of the substance. Allow the beaker to stand for 1–2 min.
Acceptance criteria: The powdered material aggregates on the surface.
• B.
Sample: 1 g
Analysis: Add the Sample to 100 mL of boiling water, and stir the mixture using a magnetic
stirrer with a bar 25 mm long.
Acceptance criteria: A slurry is formed, but the powdered material does not dissolve. Cool
the slurry to 10 , and stir using a magnetic stirrer: the resulting liquid is a clear or slightly
turbid solution with thickness dependent on the viscosity grade.
• C.
Solution A: Sulfuric acid and water (9:1). [Note—Carefully add sulfuric acid to water. ]
Sample solution: 0.1 mL of the solution prepared for Identification test B
Analysis: To the Sample solution, add 9 mL of Solution A, and shake. Heat in a water bath
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for exactly 3 min, immediately cool in an ice bath, and add carefully 0.6 mL of ninhydrin
TS. Shake, and allow to stand at 25 .
Acceptance criteria: A red color develops at first that changes to purple within 100 min.
• D.
Sample solution: 2–3 mL of the solution prepared for Identification test B
Analysis: Pour the Sample solution onto a glass slide as a thin film, and allow the water to
evaporate.
Acceptance criteria: A coherent, clear film forms on the glass slide.
• E.
Sample solution: 50 mL of the solution prepared in Identification test B
Analysis: Add the Sample solution to exactly 50 mL of water in a beaker. Insert a
thermometer into the solution. Stir the solution on a magnetic stirrer/hot plate, and begin
heating at a rate of 2 to 5 /min. Determine the temperature at which a turbidity increase
begins to occur, and designate this temperature as the flocculation temperature.
Acceptance criteria: The flocculation temperature is higher than 50 .
ASSAY
Change to read:
• Procedure
[Caution—Hydriodic acid and its reaction byproducts are highly toxic. Perform all steps in the
preparation of the Standard solution and the Sample solution in a properly functioning
hood. Specific safety practices to be followed are to be identified to the analyst
performing this test. ]
Apparatus: For the reaction vial, use a 5-mL pressure-tight serum vial, 50 mm in height,
20 mm in outside diameter, and 13 mm in inside diameter at the mouth. The vial is
equipped with a pressure-tight septum having a polytetrafluoroethylene-faced butyl
rubber and an airtight seal using an aluminum crimp or any sealing system that provides
sufficient airtightness. Use a heater having a heating module that has a square-shape
aluminum block with holes 20 mm in diameter and 32 mm in depth, into which the reaction
vial fits. The heating module is also equipped with a magnetic stirrer capable of mixing the
contents of the vial, or use a reciprocal shaker that performs a reciprocating motion of
about 100 times/min.
Hydriodic acid: Use a reagent having a typical concentration of HI of about 57%.
Internal standard solution: 30 mg/mL of n-octane in o-xylene
Standard solution: Into a suitable serum vial, weigh between 60 and 100 mg of adipic
acid, and add 2.0 mL of Hydriodic acid and 2.0 mL of Internal standard solution. Close the
vial securely with a suitable septum stopper. Weigh the vial and contents, add between
15 µL and 22 µL of isopropyl iodide through the septum with a syringe, weigh again, and
calculate the weight of isopropyl iodide added, by difference. Add 45 µL of methyl iodide
similarly, weigh again, and calculate the weight of methyl iodide added, by difference.
Shake the reaction vial well, and allow the layers to separate. Use the upper layer as the
Standard solution.
Sample solution: Transfer 0.065 g of dried Hypromellose to a 5-mL thick-walled reaction
vial equipped with a pressure-tight septum-type closure, add between 60 and 100 mg of
adipic acid, and pipet 2.0 mL of Internal standard solution into the vial. Cautiously pipet
2.0 mL of Hydriodic acid into the mixture, immediately cap the vial tightly, and weigh.
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Using the magnetic stirrer equipped in the heating module, or using a reciprocal shaker,
mix the contents of the vial continuously, heating and maintaining the temperature of the
contents at 130 ± 2 for 60 min. If a reciprocal shaker or magnetic stirrer cannot be used,
shake the vial well by hand at 5-min intervals during the initial 30 min of the heating time.
Allow the vial to cool, and weigh. If the weight loss is 0.50% of the contents or there is
evidence of a leak, discard the mixture, and prepare another Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Thermal conductivity or hydrogen flame-ionization
Column: 3- to 4-mm × 1.8- to 3-m glass; packed with 20% liquid phase G28 on 100- to
120-mesh support S1C
S1D 1S (USP36)
that is not silanized. [Note—Use a column giving well-resolved peaks of methyl iodide,
isopropyl iodide, and the internal standard, in that order. ]
Column temperature: 100
Carrier gas: Use helium with the thermal conductivity detector; helium or nitrogen can
be used for the hydrogen flame-ionization detector.
Flow rate: With the Standard solution, adjust the flow rate so that the retention time of
the internal standard is about 10 min.
Injection volume: 1–2 µL
Analysis
Samples: Upper layer of the Standard solution and the Sample solution
Calculate the percentage of methoxy (–OCH3 ) in the portion of Hypromellose taken:
Result = 21.864 × (RUa/RSa) × (WSa/WU)
RUa= peak area ratio of methyl iodide to n-octane from the Sample solution
RSa= peak area ratio of methyl iodide to n-octane from the Standard solution
WSa
= weight of methyl iodide in the Standard solution (mg)
WU= weight of Hypromellose, calculated on the dried basis, taken for the Sample solution
(mg)
Calculate the percentage of hydroxypropoxy (–OC3 H6 OH) in the portion of Hypromellose
taken:
Result = 44.17 × (RUb/RSb) × (WSb/WU)
RUb= peak area ratio of isopropyl iodide to n-octane from the Sample solution
RSb= peak area ratio of isopropyl iodide to n-octane from the Standard solution
WSb
= weight of isopropyl iodide in the Standard solution (mg)
WU= weight of Hypromellose, calculated on the dried basis, taken for the Sample solution
(mg)
Acceptance criteria: See the limits, calculated on the dried basis, in the table in the
Definition.
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IMPURITIES
• Residue on Ignition 281 : NMT 1.5% on a 1.0-g sample
• Heavy Metals, Method III

231 : NMT 20 ppm

SPECIFIC TESTS
• pH

791 : 5.0–8.0, measured on the solution prepared in the tests for Viscosity at a

temperature of 20 ± 2 . Read the indicated pH value after the probe has been immersed
for 5 ± 0.5 min.
• Loss on Drying 731
Analysis: Dry 1.0 g at 105 for 1 h.
Acceptance criteria: NMT 5.0%
• Viscosity 911
For hypromellose samples having a viscosity type of less than 600 mPa·s
Sample solution: Transfer a quantity of Hypromellose equivalent to 4 g of solids,
calculated on the dried basis, to a tared, wide-mouth centrifuge bottle. Add hot water
to obtain a total weight of the sample and water of 200.0 g. Capping the bottle, stir by
mechanical means at 400 ± 50 rpm for 10–20 min until the particles are thoroughly
dispersed and wetted out. Scrape down the walls of the bottle with a spatula, if
necessary, to ensure that there is no undissolved material on the sides of the bottle,
and continue the stirring in a cooling water bath equilibrated at a temperature below 10
for another 20–40 min. Adjust the solution weight, if necessary, to 200.0 g, using cold
water. Centrifuge the solution, if necessary, to expel any entrapped air. If any foam is
present, remove with a spatula.
Analysis: Determine the viscosity in a suitable viscosimeter of the Ubbelohde type as
directed in Viscosity 911 .
Acceptance criteria: 80%–120% of the viscosity stated on the label
For hypromellose samples having a viscosity type of 600 mPa·s or higher
Sample solution: Transfer a quantity of Hypromellose equivalent to 10 g of solids,
calculated on the dried basis, to a tared, wide-mouth centrifuge bottle, and add hot
water to obtain a total weight of the sample and water of 500.0 g. Capping the bottle,
stir by mechanical means at 400 ± 50 rpm for 10–20 min until the particles are
thoroughly dispersed and wetted out. Scrape down the walls of the bottle with a
spatula, if necessary, to ensure that there is no undissolved material on the sides of the
bottle, and continue the stirring in a cooling water bath equilibrated at a temperature
below 10 for another 20–40 min. Adjust the solution weight if necessary to 500.0 g,
using cold water. Centrifuge the solution, if necessary, to expel any entrapped air. If
any foam is present, remove with a spatula.
Analysis: Equip a suitable single-cylinder type rotational viscosimeter (Brookfield type LV
Model, or equivalent), and determine the viscosity of this solution at 20 ± 0.1 under
the operating conditions specified in Table 1.
Table 1
Rotor Revolution Calculation
Labeled Viscosity a (mPa·s)
No.
(rpm)
Multiplier
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600 or more and less than 1400
3
60
20
1400 or more and less than 3500
3
12
100
3500 or more and less than 9500
4
60
100
9500 or more and less than 99,500 4
6
1000
99,500 or more
4
3
2000
a The Labeled Viscosity is based on the manufacturer's specifications.
Allow the spindle to rotate for 2 min before taking the measurement. Allow a rest period
of 2 min between subsequent measurements. Repeat the operation twice to rotate the
spindle as specified above, and average the three readings.
Acceptance criteria: 75%–140% of the viscosity stated on the label
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. No storage requirements are
specified.
• Labeling: Label it to indicate its substitution type and its nominal viscosity value in
millipascals per second (mPa·s).
BRIEFING
Kanamycin Sulfate, USP 35 page 3616. As a part of USP's monograph modernization initiative
and based on a request from the FDA and data from USP laboratories, the non-specific color
development Identification test A is replaced with a more specific procedure based on
infrared absorption. The CAS number is updated to the current value. The Assay is revised
to provide the column dimensions and particle size of the guard column and the particle size
of the analytical column, based on the column used during method validation. The range and
output parameters for the electrochemical detector are deleted because the remaining
parameters are adequate to define the system.
(SM1: A. Wise.)
Correspondence Number—C111350

Comment deadline: July 31, 2012
Kanamycin Sulfate
Change to read:

C18 H36 N4 O11 ·H2 SO4

582.58

d-Streptamine, O-3-amino-3-deoxy- -d-glucopyranosyl(1®6)-O-[6-amino-6-deoxy- -dglucopyranosyl(1®4)]-2-deoxy-, sulfate (1:1) (salt);
Kanamycin sulfate (1:1) (salt)
[133-92-6].
1S (USP36)

[25389-94-0].
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DEFINITION
Kanamycin Sulfate has a potency equivalent to NLT 750 µg/mg of kanamycin (C18 H36 N4 O11 ),
calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Procedure
Infrared Absorption 197K

1S (USP36)

Solution A: 2 mg/mL of ninhydrin in butyl alcohol
Sample solution: Dissolve 10 mg in 1 mL of water.
Analysis: Add 1 mL of Solution A and 0.5 mL of pyridine to the Sample solution. Heat in a
steam bath for 5 min, and add 10 mL of water.
Acceptance criteria: A deep purple color is produced.
1S (USP36)

• B. Identification Tests—General, Sulfate 191 : Meets the requirements
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: 0.115 N sodium hydroxide solution
System suitability solution: 20 µg/mL of USP Amikacin RS and 8 µg/mL of USP Kanamycin
Sulfate RS in water
Standard solution: 8 µg/mL of USP Kanamycin Sulfate RS in water
Sample solution: 8 µg/mL of Kanamycin Sulfate in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Pulsed amperometric electrochemical detector
Working electrode: Gold
Reference electrode: pH silver–silver chloride
Range: 300 nC
Output: 1V full-scale
1S (USP36)

Waveform: See Table 1.
Table 1
Time Potential
(s)
(V)
Integration
0.00
+0.04
—
0.30
+0.04
Begin
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0.50
0.51
0.70

+0.04
+0.80
+0.80

0.71

0.80

End
—
—
—

0.90

0.80

—

1S (USP36)

packing L47
Analytical: 4-mm × 25-cm;
7.5-µm 1S (USP36)
packing L47
Flow rate: 0.5 mL/min
Injection volume: 20 µL
System suitability
[Note—The relative retention times for kanamycin and amikacin are about 1.0 and 1.3,
respectively. ]
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3 between kanamycin and amikacin, System suitability solution
Tailing factor: NMT 2, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of kanamycin (C18 H36 N4 O11 ) in the portion of Kanamycin
Sulfate taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Kanamycin Sulfate RS in the Standard solution (µg/mL)
C=
U concentration of Kanamycin Sulfate in the Sample solution (µg/mL)
P= potency of kanamycin in USP Kanamycin Sulfate RS (µg/mg)
Acceptance criteria: NLT 750 µg/mg on the dried basis
IMPURITIES
• Residue on Ignition 281
Analysis: Moisten the charred residue with 2 mL of nitric acid and 5 drops of sulfuric acid.
Acceptance criteria: NMT 1.0%
• Organic Impurities
Adsorbent: 0.25-mm layer of chromatographic silica gel
Developing solvent system: 75 mg/mL of monobasic potassium phosphate in water
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Spray reagent: 10 mg/mL of ninhydrin in butyl alcohol
Standard solution 1: 30 mg/mL of USP Kanamycin Sulfate RS in water
Standard solution 2: 0.90 mg/mL of USP Kanamycin Sulfate RS in water
Sample solution: 30 mg/mL of Kanamycin Sulfate in water
Application volume: 1 µL
Analysis: Heat the plate at 110 for 1 h immediately before use, and allow it to cool.
Equilibrate for 90 min with the Developing solvent system.
Apply all three solutions to the plate separately, allow the spots to dry, and develop the
chromatogram with the Developing solvent system until the solvent front has moved
three-fourths of the length of the plate. Remove the plate from the chamber, and air-dry.
Spray the plate with Spray reagent. Dry the plate at 110 for 10 min, and examine the
chromatograms.
Acceptance criteria: The chromatograms show principal spots at the same RF value, and
no secondary spot, if present from the Sample solution, is more intense than the principal
spot of Standard solution 2.
SPECIFIC TESTS
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 10 mg/mL
Acceptance criteria: 6.5–8.5
• Loss on Drying 731
Analysis: Dry 100 mg in a vacuum in a capillary-stoppered bottle at a pressure not
exceeding 5 mm of mercury at 60 for 3 h.
Acceptance criteria: NMT 4.0%
• Sterility Tests 71 : Where the label states that Kanamycin Sulfate is sterile, it meets the
requirements when tested as directed for membrane filtration in Test for Sterility of the
Product to be Examined.
• Bacterial Endotoxins Test 85 : Where the label states that Kanamycin Sulfate must be
subjected to further processing during the preparation of injectable dosage forms, it
contains NMT 0.67 USP Endotoxin Unit/mg of Kanamycin.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
• USP Reference Standards
USP Amikacin RS
USP Endotoxin RS
USP Kanamycin Sulfate RS

11

BRIEFING
Maprotiline Hydrochloride, USP 35 page 3767. It is proposed to modernize the monograph by
replacing the nonspecific TLC test in Organic Impurities with the selective HPLC method
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based on the related substances procedure from the 7th edition of the European
Pharmacopoeia. The procedure uses the Macherey-Nagel Nucleosil C18 brand of L1 column,
from which maprotiline elutes at about 10 min. The Thermo Electron Hypersil C18 brand of L1
column is a suitable alternate column. Minor editorial corrections have been made to be
consistent with the monograph redesign initiative.
(SM4: H. Ramanathan.)
Correspondence Number—C107345

Comment deadline: July 31, 2012
Maprotiline Hydrochloride

C20 H23 N·HCl

313.86

9,10-Ethanoanthracene-9(10H)-propanamine, N-methyl-, hydrochloride;
N-Methyl-9,10-ethanoanthracene-9(10H)-propylamine hydrochloride
[10347-81-6].
DEFINITION
Maprotiline Hydrochloride contains NLT 99.0% and NMT 101.0% of the labeled amount of
maprotiline hydrochloride (C20 H23 N·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Sample solution: 100 µg/mL in methanol
Acceptance criteria: Absorptivities at 266 nm and 272 nm, calculated on the dried basis,
do not differ by more than 3.0%.
• C. Identification Tests—General, Chloride 191
Sample solution: 5 mg/mL
Acceptance criteria: Responds to the tests when tested as specified for alkaloidal
hydrochloride
ASSAY
• Procedure
Sample solution: 600 mg of Maprotiline Hydrochloride in 25 mL of mercuric acetate TS
Blank: Mercuric acetate TS
Titrimetric system
(See Titrimetry 541 .)
Mode: Potentiometric
Titrant: 0.1 N perchloric acid VS
Analysis: Titrate the Sample solution with Titrant using a glass electrode and a calomel
electrode containing saturated lithium chloride in glacial acetic acid. Perform a blank
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determination. Each mL of 0.1 N perchloric acid is equivalent to 31.39 mg of maprotiline
hydrochloride (C20 H23 N·HCl).
Acceptance criteria: 99.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities
Adsorbent: 0.25-mm layer of chromatographic silica gel that has been pre-washed with
chloroform by allowing chloroform to move the full length of the plate, and dried at 100
for 30 min
Standard solution: 20 mg/mL of USP Maprotiline Hydrochloride RS in methanol
Diluted standard solutions: Dilute the Standard solution to 0.10 mg/mL. Further dilute
this solution quantitatively with methanol to obtain Diluted standard solutions,
designated below by letter, having the compositions in Table 1:
Table 1
Diluted
DilutionConcentration
Percentage
Standard
(µg/mL)
(%, for
Solution
comparison with sample)
A
(undiluted)
100
0.5
B
(4 in 5) 80
0.4
C
(3 in 5) 60
0.3
D
(2 in 5) 40
0.2
E
(1 in 5) 20
0.1
Sample solution: 20 mg/mL of Maprotiline Hydrochloride in methanol
Application volume: 5 µL
Developing solvent system: Secondary butyl alcohol, ethyl acetate, and 2 N ammonium
hydroxide (6:3:1)
Analysis
Samples: Standard solution, Diluted standard solutions A–E, and Sample solution
In a suitable chromatographic chamber, place a volume of the Developing solvent system
(see Chromatography 621 ) sufficient to develop a chromatogram. Place a beaker
containing 25 mL of ammonium hydroxide in the bottom of the chamber, and allow it to
equilibrate for 1 h. Apply samples and allow the spots to dry. Develop the
chromatograms until the solvent front has moved three-fourths of the length of the
plate, remove the plate from the developing chamber, mark the solvent front, and allow
the solvent to evaporate. Expose the plate to hydrogen chloride vapor for 30 min,
expose it to a high-intensity UV light irradiator (1000 to 1600 watts) until the spot in
the chromatogram of Diluted standard solution E is clearly visible. [Caution—UV
irradiators emit UV radiation that is harmful to eyes and skin. ] Compare the
chromatograms under long-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution; and the sum of the intensities of all
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secondary spots obtained from the Sample solution, compared with those of the
principal spots obtained from the Diluted standard solutions, corresponds to NMT 1.0%.
Mobile phase: Dissolve 0.6 g of ammonium acetate in 200 mL of water, and add 2 mL of
a 70-g/L ammonia solution, 150 mL of 2-propanol, and 650 mL of methanol. The resulting
apparent pH value is 8.2–8.4.
Standard solution: 2 µg/mL of USP Maprotiline Hydrochloride RS in Mobile phase
System suitability solution: 1 mg/mL of USP Maprotiline Hydrochloride RS and 0.1
mg/mL of USP Maprotiline Related Compound D RS in Mobile phase
Sample solution: 1 mg/mL of Maprotiline Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 272 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 1.5 times the retention time of maprotiline
System suitability
Sample: System suitability solution
Suitability requirements
[Note—See Table 1 for relative retention times. ]
Resolution: 1.8–3.2 between the maprotiline related compound D and maprotiline
peaks
[Note—If necessary, adjust the pH of the Mobile phase, in steps of 0.1 pH unit, by
adding a 50% v/v solution of acetic acid if the resolution is less than 1.8, or by
adding a 70-g/L solution of ammonia if the resolution is greater than 3.2. ]
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Maprotiline
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of any impurity from the Sample solution
rS= peak area of maprotiline from the Standard solution
C=
S concentration of USP Maprotiline Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Maprotiline Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any peak representing less than 0.05% of
the area of the main peak.
Table 1

Name
Maprotiline acrylaldehyde analog1
Maprotiline dimer2
Desmethylmaprotiline3

Relative
Retention
Time
0.3
0.5
0.7

Acceptance
Criteria,
NMT (%)
0.2
0.2
0.2
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Maprotiline related compound D4
0.2
0.8
Maprotiline
1.0
—
0.2
1.3
N-Methylmaprotiline5
Any individual unknown impurity
—
0.10
Total impurities
—
1.0
1 3-(9,10-Dihydro-9,10-ethanoanthracen-9-yl)acrylaldehyde (EP Impurity A).
2 N-Methyl-N,N-bis[3-(9,10-dihydro-9,10-ethanoanthracen-9-yl)propyl]amine (EP
Impurity B).
3 3-(9,10-Dihydro-9,10-ethanoanthracen-9-yl)propan-1-amine (EP Impurity C).
4 3-(9,10-Dihydro-9,10-ethanoanthracen-9-yl)-N-methylprop-2-en-1-amine (EP
Impurity D).
5 3-(9,10-Dihydro-9,10-ethanoanthracen-9-yl)-N,N-dimethylpropan-1-amine (EP
Impurity E).
1S (USP36)

SPECIFIC TESTS
• Loss on Drying 731
Sample: Dry a sample under vacuum at 80 to constant weight.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Maprotiline Hydrochloride RS
USP Maprotiline Related Compound D RS
3-(9,10-Dihydro-9,10-ethanoanthracen-9-yl)-N-methylprop-2-en-1-amine.
C20 H22 N
276.4 1S (USP36)
BRIEFING
Memantine Hydrochloride Tablets. Because there is no existing USP monograph for this drug
product, a new monograph, based on validated methods of analysis, is being proposed. The
gas chromatographic procedures in the Assay and in the Dissolution test are based on
analyses performed with the HP-5 Hewlett Packard brand of G27 column. The typical
retention time for memantine is about 6 min. The gas chromatographic procedure in the test
for Organic Impurities is based on analyses performed with the Ultra-2 Hewlett Packard
brand of G27 column. The typical retention time for memantine is about 18 min. The liquid
chromatographic procedure in the test for Limit of Memantine–Lactose Adduct is based on
analyses performed with the Zorbax Eclipse XDB-C18 brand of L1 column. The typical
retention time for memantine is about 22 min.
(SM4: H. Ramanathan.)
Correspondence Number—C97726
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Comment deadline: July 31, 2012
Add the following:
Memantine Hydrochloride Tablets
DEFINITION
Memantine Hydrochloride Tablets contain an amount of memantine hydrochloride equivalent to
NLT 90.0% and NMT 110.0% of the labeled amount of memantine hydrochloride (C12 H21 N·HCl).
IDENTIFICATION
• A. Infrared Absorption 197K
Analytical range: 4000 to 400 cm–1
Standard: 6.7 mg/mL of USP Memantine Hydrochloride RS in dichloromethane. Shake for 10
min, and pass through a suitable filter. Evaporate the solvent at room temperature.
Collect the residue powder, and dry at 60 for 15 min. Prepare an approximate 1% (w/w)
dispersion of the sample in potassium bromide.
Sample: 6.7 mg/mL of Memantine Hydrochloride in dichloromethane from NLT 20 crushed
Tablets. Shake for 10 min, and centrifuge for 10 min. Pass the supernatant through a
suitable filter. Evaporate the solvent at room temperature. Collect the residue powder,
and dry at 60 for 15 min. Prepare an approximate 1% (w/w) dispersion of the sample in
potassium bromide.
Acceptance criteria: Fingerprint region of the Standard and Sample spectrum exhibit
maxima at the same wave numbers.
• B. The retention time of the memantine peak in the Sample solution corresponds to that of
the memantine peak in the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 200 mg/mL of sodium hydroxide in water
Internal standard solution: 25 µg/mL of USP Amantadine Hydrochloride RS in water
Standard stock solution: 25 µg/mL of USP Memantine Hydrochloride RS prepared as
follows. Weigh a suitable quantity of the Standard into a volumetric flask. Add methanol to
fill 40% of the final flask volume, and sonicate. Dilute with water to volume.
Standard solution: Pipet 4.0 mL each of Internal standard solution and Standard stock
solution into a test tube. Add 2 mL of Solution A, and mix on a vortex mixer for 1 min. Add
4 mL of toluene, and mix on a vortex mixer for 3 min. Allow the two layers to separate.
Inject the toluene layer.
Sample stock solution: Nominally 20 µg/mL of memantine hydrochloride prepared as
follows. Transfer a suitable number of Tablets to a volumetric flask to obtain a 0.1 mg/mL
memantine hydrochloride solution. Add methanol to fill 40% of the final flask volume, and
sonicate for 30 min with intermittent shaking. Add water to fill 40% of the final flask
volume, and sonicate for 30 min with intermittent shaking. Dilute with water to volume,
and centrifuge a portion for 10 min. Pipet a suitable volume of the clear centrifugate into
a volumetric flask, and dilute with water to volume.
Sample solution: Pipet 5.0 mL of the Sample stock solution, 4.0 mL of Internal standard
solution, and 2 mL of Solution A into a test tube, and mix on a vortex mixer for 1 min. Add
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4 mL of toluene, and mix on a vortex mixer for 5 min. Allow the two layers to separate.
Inject the toluene layer.
Blank: To 5.0 mL of 80 µL/mL of methanol in water add 2 mL Solution A, and mix on a
vortex mixer for 1 min. Add 4.0 mL of tolune, and cyclomix on vortex for 5 min. Allow the
two layers to separate. Inject the toluene layer.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m × 0.32-mm; 0.25-µm packing G27
Temperatures
Injection port: 210
Detector: 300
Oven: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
0
50
2
50
20
140
0
140
30
200
5
Carrier gas: Helium
Flow rate: 34.8 psi
Injection volume: 4 µL
Injection type: Split ratio, 1:10
System suitability
Sample: Standard solution
[Note—The relative retention times for amantadine and memantine are 0.97 and 1.0,
respectively. ]
Suitability requirements
Resolution: NLT 2.0 between amantadine and memantine
Tailing factor: NMT 2.5 for amantadine and NMT 2.0 for memantine
Relative standard deviation: NMT 2.0% for the ratio of the peak areas of amantadine
and memantine
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of the labeled amount of memantine hydrochloride (C12 H21 N·HCl)
in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of memantine to amantadine from the Sample solution
R=
S peak area ratio of memantine to amantadine from the Standard solution
C=
S concentration of USP Memantine Hydrochloride RS in the Standard solution (µg/mL)
C=
U nominal concentration of memantine hydrochloride in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid with sodium chloride (2g/L of sodium chloride in water),
adjusted with hydrochloric acid to a pH of 1.2; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard stock solution: (L/900) mg/mL of USP Memantine Hydrochloride RS in Medium,
where L is the label claim in mg/Tablet
Internal standard solution: 28 µg/mL of USP Amantadine Hydrochloride RS in Medium
Standard solution
For Tablets labeled to contain 5 mg: Transfer 5 mL of the Standard stock solution to a
test tube, add 1 mL of the Internal standard solution and 2 mL of 5 N sodium hydroxide,
and mix for 1 min. Add 3 mL of toluene, and mix for 2 min. Use the toluene layer.
For Tablets labeled to contain 10mg: Transfer 5 mL of the Standard stock solution to a
test tube, add 2 mL of the Internal standard solution and 2 mL of 5 N sodium hydroxide,
and mix for 1 min. Add 3 mL of toluene, and mix for 2 min. Use the toluene layer.
Sample solution: Pass a portion of the solution under test through a suitable filter.
For Tablets labeled to contain 5 mg: Transfer 5 mL of the filtrate to a test tube, add 1
mL of the Internal standard solution and 2 mL of 5 N sodium hydroxide, and mix for 1
min. Add 3 mL of toluene, and mix for 2 min. Use the toluene layer.
For Tablets labeled to contain 10 mg: Transfer 5 mL of the filtrate to a test tube, add
2 mL of the Internal standard solution and 2 mL of 5 N sodium hydroxide, and mix for 1
min. Add 3 mL of toluene, and mix for 2 min. Use the toluene layer.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC, splitless
Detector: Flame ionization
Column: 30-m × 0.32-mm; 0.25-µm packing G27
Flow rate: 34.8 psi
Temperatures
Injection port: 210
Detector: 300
Oven: See Table 2.
Table 2
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
50
140
Carrier gas: Helium
Injection volume: 4 µL
System suitability

0
20
30

50
140
200

2
0
5
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Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between amantadine and memantine
Tailing factor: NMT 2.0 each for amantadine and memantine
Relative standard deviation: NMT 2.0% for both the amantadine and memantine
peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of memantine hydrochloride (C12 H21 N·HCl)
dissolved:
Result = (Ru/Rs ) × (Cs /L) × V × 100
R=
U peak area ratio of memantine to amantadine from the Sample solution
R=
S peak area ratio of memantine to amantadine from the Standard solution
C=
S concentration of USP Memantine Hydrochloride RS from the Standard solution (µg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of memantine hydrochloride (C12 H21 N·HCl)
is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Limit of Memantine–Lactose Adduct
[Note—Perform this test if lactose is present in the formulation. ]
Solution A: 40 mg/mL of sodium hydroxide in water
Buffer: Dissolve 3.3 g of monobasic potassium phosphate and 2.3 g of sodium 1-octane
sulfonate in 1 L of water. Adjust with Solution A to a pH of 6.1.
Mobile phase: Acetonitrile, methanol, and Buffer (26:4:70)
Standard solution: 0.2 mg/mL of USP Memantine Hydrochloride RS in Mobile phase
Sample solution: Nominally 10 mg/mL of memantine hydrochloride from NLT 25 crushed
Tablets, prepared as follows. Transfer an amount of powder equivalent to 100 mg of
memantine hydrochloride to a 20-mL volumetric flask. Add 10 mL of Mobile phase, and
sonicate for 30 min. Centrifuge, and pass a portion of the centrifugate through a suitable
filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 15-cm; 5-µm packing L1
Temperatures
Column: 40
Detector: 35
Flow rate: 1.3 mL/min
Injection volume: 50 µL
Run time: 1.3 times the retention time of the memantine peak
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System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 3.5
Relative standard deviation: NMT 10.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the memantine–lactose adduct in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of the memantine–lactose adduct from the Sample solution
rS= peak response of memantine from the Standard solution
C=
S concentration of USP Memantine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of memantine hydrochloride in the Sample solution (mg/mL)
F= relative response factor of the memantine–lactose adduct (see Table 3)
Acceptance criteria: See Table 3.
Disregard all peaks other than the memantine–lactose adduct peak.
Table 3
Relative
Retention
Time
0.41
1.0

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.53
0.5
1.0
—

Name
Memantine–lactose adduct
Memantine
• Organic Impurities
Solution A: 1 N sodium hydroxide
Standard stock solution A: 0.5 mg/mL each of USP Memantine Related Compound A RS,
USP Memantine Related Compound B RS, USP Memantine Related Compound C RS, USP
Memantine Related Compound D RS, and USP Memantine Related Compound E RS in nhexane
Standard stock solution B: 12.5 mg/mL of USP Memantine Hydrochloride RS prepared as
follows. Weigh a suitable quantity of the Standard into a volumetric flask. Add Solution A
to fill 15% of the final flask volume and n-hexane to fill 10% of the final flask volume. Mix
for 10 min.
System suitability solution: Pipet 4.0 mL of the n-hexane layer from Standard stock
solution B into a 10-mL volumetric flask. Add 0.5 mL of Standard stock solution A, and
dilute with n-hexane to volume.
Standard stock solution: 1.3 mg/mL of USP Memantine Hydrochloride RS in n-hexane
prepared as follows. Weigh a suitable quantity of the Standard into a volumetric flask. Add
Solution A to fill 30% of the final flask volume, and mix for 5 min. Add n-hexane to fill 40%
of the final flask volume, and shake for 10 min. Transfer the contents of the flask into a
separator. Allow the layers to separate, and filter a portion of the top n-hexane layer
through anhydrous sodium sulfate. Use the clear solution.
Standard solution: Pipet 2.0 mL of the clear solution from the Standard stock solution into
a 100-mL volumetric flask, and dilute with n-hexane to volume.
Sample solution: Nominally 5 mg/mL of memantine hydrochloride in n-hexane from NLT 20
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crushed Tablets, prepared as follows. Transfer a weighed amount of powder equivalent to
100 mg of memantine hydrochloride to a suitable volumetric flask. Add Solution A to fill
15% of the final flask volume. Shake to disperse the material, and shake for 5 min.
Sonicate for 5 min with intermittent shaking. Add n-hexane to fill 20% of the final flask
volume, and shake for 10 min. Transfer the contents into a separator. Allow the layers to
separate, and filter a portion of the top hexane layer through anhydrous sodium sulfate.
Use the clear solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 50-m × 0.32-mm; 0.52-µm packing G27
Temperatures
Injection port: 220
Detector: 300
Oven: See Table 4.
Table 4
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
50
0
50
2
50
5
145
0
145
10
250
20
Carrier gas: Helium
Flow rate: 4.0 ± 0.2 mL/min
Injection volume: 3 µL
Injection type: Split ratio, 1:20
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 5 for the relative retention times. ]
Suitability requirements
Resolution: NLT 2.0 between memantine and memantine related compound B, NLT 2.0
between memantine related compound B and memantine related compound C, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of USP Memantine Related Compound E RS or any individual
degradation product in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of USP Memantine Related Compound E RS or any individual degradation
product from the Sample solution
rS= peak response of memantine hydrochloride from the Standard solution
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C=
S concentration of USP Memantine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of memantine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 5.
Table 5

Name
Memantine related compound Aa
Memantine
Memantine related compound Ba
Memantine related compound Ca
Memantine related compound Da
Memantine related compound E
Any individual unspecified degradation product
Total impuritiesb

Relative
Retention
Time
0.77
1.0
1.03
1.1
1.2
1.4
—
—

Acceptance
Criteria,
NMT (%)
—
—
—
—
—
0.15
0.20
0.5

a Process impurities controlled in the drug substance and are included for identification
only. Not reported for the drug product and not included in the total impurities
b Excludes memantine–lactose adduct monitored in the test for Limit of Memantine–
Lactose Adduct.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Amantadine Hydrochloride RS
USP Memantine Hydrochloride RS
USP Memantine Related Compound A RS
1,3-Dimethyladamantane.
C12 H20
164.29
USP Memantine Related Compound B RS
3,5-Dimethyladamantane-1-ol.
C12 H20 O
180.29
USP Memantine Related Compound C RS
1-Chloro-3,5-dimethyladamantane.
C12 H19 Cl
198.73
USP Memantine Related Compound D RS
1-Bromo-3,5-dimethyladamantane.
C12 H19 Br
243.18
USP Memantine Related Compound E RS
N-3,5-Dimethyladamantan-1-yl formamide.
C13 H21 NO
207.31
1S (USP36)

BRIEFING
Meprobamate, USP 35 page 3807. It is proposed to modernize the monograph with the
following changes:
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1.
Add a reference to Infrared Absorption 197K in Identification test A to provide
clarification.
2.
Replace the TLC-based Identification test B with a specific HPLC retention time
agreement of the major peaks of the Sample solution and the Standard solution, as
obtained in the Assay. As a result, the use of Identification solution is removed from
the test for Organic Impurities.
3.
Replace the titration Assay procedure with a specific, stability-indicating HPLC
procedure. The liquid chromatographic procedure is based on analyses performed
with the Nova-Pak C18 brand of L1 column manufactured by Waters Corporation. The
typical retention time for meprobamate is about 5 min.
(SM4: H. Ramanathan.)
Correspondence Number—C94645

Comment deadline: July 31, 2012
Meprobamate

C9 H18 N2 O4

218.25

1,3-Propanediol, 2-methyl-2-propyl-, dicarbamate;
2-Methyl-2-propyl-1,3-propanediol dicarbamate
[57-53-4].
DEFINITION
Meprobamate contains NLT 97.0% and NMT 101.0% of meprobamate (C9 H18 N2 O4 ), calculated
on the dried basis.
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197K

1S (USP36)

Sample: 1 mg in 200 mg
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of the
Sample, previously dried, exhibits maxima only at the same wavelengths as that of a
similar preparation of USP Meprobamate RS. If a difference appears, dissolve portions of
both the Sample and the Reference Standard in acetone at a concentration of 8 mg/mL.
Dilute 0.1-mL portions of the acetone solutions with 1 mL of n-heptane, and remove the
solvents by evaporation under nitrogen at a temperature of 30 . Dry the residues under
vacuum at room temperature for 30 min, and repeat the test on the residues.
Change to read:
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• B. The RF value of the principal spot of the Identification solution corresponds to that of
Standard solution A as obtained in Organic Impurities.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)

ASSAY
Change to read:
• Procedure
Sample: To 400 mg of Meprobamate, add 40 mL of hydrochloric acid and several boiling
chips, and reflux for 90 min. Remove the condenser, and continue boiling until the volume
is reduced to between 5 and 10 mL. Cool the flask to room temperature, add 50 mL of
water and 1 drop of methyl red TS, and, while cooling the flask continuously, cautiously
neutralize the acid with 10 N sodium hydroxide until the indicator begins to change color.
If necessary, add 1 N hydrochloric acid to restore the pink color, and carefully neutralize
with 0.1 N sodium hydroxide VS. Add a mixture of 15 mL of formaldehyde TS and 15 mL of
water, which previously has been neutralized with 0.1 N sodium hydroxide VS to
phenolphthalein TS.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: visual
Analysis: Titrate with Titrant to a yellow endpoint. Add 0.2 mL of phenolphthalein TS,
and continue the titration with 0.1 N sodium hydroxide VS to a distinct pink color.
Perform a blank determination. Each mL of the total volume of 0.1 N sodium hydroxide
consumed after the addition of formaldehyde TS is equivalent to 10.91 mg of C9 H18 N2 O4 .
Mobile phase: Acetonitrile and water (30:70)
Standard solution: 5 mg/mL of USP Meprobamate RS prepared as follows. Dissolve the
Standard first in acetonitrile using 30% of final volume. Sonicate if necessary to
dissolve, and cool to room temperature. Dilute with water to volume.
Sample solution: 5 mg/mL of meprobamate prepared as follows. Dissolve the sample
first in acetonitrile using 30% of final volume. Sonicate if necessary to dissolve, and
cool to room temperature. Dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 4-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 2 times the retention time of meprobamate
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of meprobamate (C9 H18 N2 O4 ) in the portion of
Meprobamate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Meprobamate RS in the Standard solution (mg/mL)
C=
U concentration of meprobamate in the Sample solution (mg/mL)
1S (USP36)

Acceptance criteria: 97.0%–101.0% on the dried basis
IMPURITIES
Change to read:
• Organic Impurities
Standard solutions: Dissolve USP Meprobamate RS in alcohol, and mix to obtain Standard
solution A with a known concentration of 1.0 mg/mL. Dilute quantitatively with alcohol to
the obtain the Standard solutions with the compositions given in Table 1.
Table 1
Percentage
Standard
Concentration
(%, for Comparison
Solution Dilution
(mg RS/mL)
with Sample)
A
(Undiluted)
1.0
1.0
B
(4 in 5)
0.8
0.8
C
(3 in 5)
0.6
0.6
D
(2 in 5)
0.4
0.4
E
(1 in 5)
0.2
0.2
Sample solution: 100 mg/mL of Meprobamate in alcohol
Identification solution: 1.0 mg/mL of Meprobamate from Sample solution in alcohol
1S (USP36)

Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: Thin-layer chromatographic plate coated with a 0.25-mm layer of
chromatographic silica gel
Application volume: 2 µL
Developing solvent system: Hexane, acetone, and pyridine (70:30:10)
Spray reagent: 5 mg/mL of vanillin in a cooled mixture of sulfuric acid and alcohol
(80:20)
Analysis
Samples: Standard solutions and Sample solution, and Identification solution
1S (USP36)
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Postion the plate in a chromatographic chamber, and develop the chromatograms in the
Developing solvent system until the solvent front has moved about three-fourths of the
length of the plate. Remove the plate from the developing chamber, mark the solvent
front, and air-dry the plate for 15 min. Heat the plate at 100 for 15 min, cool, and
spray with Spray reagent. Heat the plate at 110 for 15–20 min, cool, and allow the
plate to develop blue-purple spots at room temperature. [Note—Color development
requires about 30–60 min. ] Examine the plate, and compare the intensities of any
secondary spots of the Sample solution with those of the principal spots of the
Standard solutions.
Acceptance criteria: No secondary spot of the Sample solution is larger or more intense
than the principal spot of Standard solution A (1.0%), and the sum of the intensities of all
secondary spots of the Sample solution corresponds to NMT 2.0%.
• Organic Impurities, Procedure 2: Limit of Methyl Carbamate
Standard solution: 1.0 mg/mL of Methyl Carbamate
Sample solution: Transfer 1.0 g of finely powdered Meprobamate to a beaker, add 5.0 mL
of water, and stir to wet the powder completely. Filter the slurry through a small plug of
glass wool in the stem of a glass funnel. Use the clear filtrate.
Mobile phase: Water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 3.9–4.6-mm × 25–30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The peak response of the Sample solution is not greater than that of
the Standard solution, corresponding to NMT 0.5% of methyl carbamate.
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample under vacuum at 60 for 3 h.
Acceptance criteria: NMT 0.5%
• Melting Range or Temperature

741 : 103 –107 , but the range between the beginning

and end of melting is NMT 2 .
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Meprobamate RS

11
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BRIEFING
Meprobamate Tablets, USP 35 page 3808. It is proposed to revise and modernize the
monograph with the following changes:
1.
Add a reference to the general test chapter Infrared Absorption 197K in
Identification test A.
2.
Replace the Identification test based on melting range with an Identification test based
on Infrared Absorption 197K .
3.
Replace the Identification test based on IR absorption with an Identification test based
on the Assay retention time, which is orthogonal to the existing Identification test.
4.
In the Assay, delete the percent area system suitability requirement for the phenacetin
peak as this requirement does not reflect the current USP monograph standard.
Additionally, the particle size of the column is included.
5.
Add a formula for the calculation in the Dissolution test.
(SM4: H. Ramanathan.)
Correspondence Number—C94646

Comment deadline: July 31, 2012
Meprobamate Tablets
DEFINITION
Meprobamate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
meprobamate (C9 H18 N2 O4 ).
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197K

1S (USP36)

Sample: A portion of finely powdered Tablets, equivalent to 800 mg of meprobamate
Analysis: To the Sample add 5 mL of dehydrated alcohol, and heat just below the boiling
temperature for about 5 min, with occasional swirling. Cool, and filter into 15 mL of
solvent hexane. With the aid of suction, filter the crystals that form, and dry at 60 .
Acceptance criteria: The crystals of meprobamate so obtained melt between 103 and
107 , but the range between beginning and end of melting is NMT 2 .
Sample: A portion of finely powdered Tablets, equivalent to 800 mg of meprobamate
Analysis: To the Sample add 5 mL of dehydrated alcohol, and heat to just below boiling
for about 5 min, with occasional swirling. Cool, and filter into 15 mL of solvent hexane.
With the aid of suction, filter the crystals that form, and dry at 60 .
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion
(about 1 mg in 200 mg) from a portion of crystals obtained from the Sample exhibits
maxima only at the same wavelengths as that of a similar preparation of USP
Meprobamate RS. If a difference appears, dissolve portions of both the Sample and the
Reference Standard in acetone at a concentration of 8 mg/mL. Dilute 0.1-mL portions
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of the acetone solutions with 1 mL of n-heptane, and remove the solvents by
evaporation under nitrogen at a temperature of about 30 . Dry the residues under
vacuum at room temperature for 30 min, and repeat the test on the residues.
1S (USP36)

Change to read:
• B.
Sample: A portion of finely powdered Tablets, equivalent to 800 mg of meprobamate
Analysis: To the Sample add 5 mL of dehydrated alcohol, and heat to just below boiling
for about 5 min, with occasional swirling. Cool, and filter into 15 mL of solvent hexane.
With the aid of suction, filter the crystals that form, and dry at 60 .
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion from
a portion of crystals obtained from the Sample (about 1 mg in 200 mg) exhibits maxima
only at the same wavelengths as that of a similar preparation of USP Meprobamate RS.
[Note—If a difference appears, dissolve portions of both the Sample and the Reference
Standard in acetone at a concentration of 8 mg/mL. Dilute 0.1-mL portions of the
acetone solutions with 1 mL of n-heptane, and remove the solvents by evaporation
under nitrogen at a temperature of about 30 . Dry the residues under vacuum at room
temperature for 30 min, and repeat the test on the residues. ]
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)

ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (30:70)
Phenacetin stock solution: 125 µg/mL of phenacetin in acetonitrile
Phenacetin solution: 25 µg/mL of phenacetin prepared as follows from the Phenacetin
stock solution. Pipet a suitable volume of Phenacetin stock solution into a volumetric flask.
Add acetonitrile to fill 30% of the final flask volume, and dilute with water to volume.
Standard solution: 5 mg/mL of USP Meprobamate RS prepared as follows. Dissolve the
Standard first in acetonitrile using 3% of the final flask volume, and dilute with water to
volume.
System suitability solution: 5 mg/mL of USP Meprobamate RS and 5 µg/mL of phenacetin
prepared as follows. Dissolve a weighed amount of USP Meprobamate RS, first in
acetonitrile, using 20% final volume. Shake to dissolve. Add a suitable volume of
Phenacetin solution, and dilute with water to volume.
Sample solution: Nominally equivalent to 5 mg/mL of meprobamate prepared as follows.
Transfer an amount of meprobamate from a portion of finely powdered Tablets (NLT 20) to
a suitable volumetric flask. Add acetonitrile to fill 30% of final volume, and shake to
dissolve. Dilute with water to volume, and filter, discarding the first 10 mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 200 nm

621 , System Suitability.)
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Column: 3.9–4.6-mm × 25–30-cm;
5-µm 1S (USP36)
packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for meprobamate and phenacetin are about 0.7 and
1.0, respectively. ]
Suitability requirements
Area: Area of the phenacetin peak is NLT 65.0% and NMT 100.0% of the meprobamate
peak area for System suitability solution
1S (USP36)

Resolution: NLT 2.0 between the meprobamate and the phenacetin peaks, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of meprobamate (C9 H18 N2 O4 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of meprobamate from the Sample solution
rS= peak response of meprobamate from the Standard solution
C=
S concentration of USP Meprobamate RS in the Standard solution (mg/mL)
C=
U nominal concentration of meprobamate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Procedure for a Pooled Sample
Medium: Deaerated water; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard solution, System suitability solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Analysis:
Calculate the percentage of the labeled amount of meprobamate (C9 H18 N2 O4 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Meprobamate RS in the Standard solution (mg/mL)
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V= volume of the Medium, 900 mL
L= label claim (mg/Tablet) 1S (USP36)
Acceptance criteria: NLT 75% (Q) of the labeled amount of meprobamate (C9 H18 N2 O4 ) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Meprobamate RS

11
BRIEFING

Metacresol, USP 35 page 3825 and PF 37(4) [July–Aug. 2011]. As part of the USP monograph
modernization effort, the following changes are proposed:
1.
The Identification test by wet chemistry is replaced with an Infrared Absorption test
and the retention time agreement based on the Assay.
2.
The non-specific titration Assay procedure is replaced with a stability-indicating GC
procedure. The acceptance criteria in the Definition has been changed from “NLT
95.0% and NMT 101.0%” to “NLT 98.0% and NMT 102.0%”, which is typical for
chromatographic procedures. The chromatographic procedure for Assay is based on
analyses performed with a Rtx-225 brand of G7 column. The typical retention time for
metacresol is about 23.5 min.
3.
The reference standards of USP Metacresol RS and USP Phenol RS are added under USP
Reference Standards
Assay.

11

to support the revision of the Identification test and

(SM3: F. Mao.)
Correspondence Number—C110331

Comment deadline: July 31, 2012
Metacresol

C7 H8 O

108.14

3-Methylphenol;
3-Hydroxytoluene

[108-39-4].

DEFINITION
Change to read:
Metacresol contains NLT 95.0% and NMT 101.0%
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1S (USP36)

of metacresol (C7 H8 O).
IDENTIFICATION
Delete the following:
• A.
Sample: 10 mL
Analysis: Shake the Sample with 30 mL of water in a separator, and allow to separate. The
lower layer is clear; the upper layer clears slowly.
Acceptance criteria: To 5 mL of the upper layer add a drop of ferric chloride TS: a bluish
color is produced. To a separate 5-mL portion of the upper layer add bromine TS
dropwise: a white precipitate is obtained. 1S (USP36)
Add the following:
• A. Infrared Absorption 197F

1S (USP36)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
ASSAY
Change to read:
• Procedure
Sample solution: Transfer 10 drops of Metacresol to a 100-mL volumetric flask, and
weigh to determine the amount, in mg, added. Add 50 mL of 1 N sodium hydroxide, shake
to dissolve, and dilute with 1 N sodium hydroxide to volume. Transfer 10.0 mL of this
solution to an iodine flask, add about 50 mL of water and sufficient 18 N sulfuric acid to
neutralize the solution to litmus, and cool to 20 . Add 25.0 mL of 0.1 N bromine VS and
15 mL of hydrochloric acid, and immediately insert the stopper. Shake the flask, and cool
under running water. Allow to stand in a cool, dark place for 30 min, shaking every 10
min. Cool to 20 , quickly add 5 mL of 200 mg/mL of potassium iodide solution to the collar
of the flask, gently lift the stopper momentarily and allow the solution to be drawn into
the flask, shake thoroughly, and remove the stopper. Rinse the stopper and the inside
neck of the flask with a small quantity of water so that the washing flows into the flask.
Add 1 mL of chloroform, and shake.
Analysis: Titrate the liberated iodine with 0.1 N sodium thiosulfate VS, adding 3 mL of
starch TS as the endpoint is approached. Perform a blank determination (see Titrimetry
541 , Residual Titrations). Each mL of 0.1 N bromine is equivalent to 1.802 mg of
metacresol (C7 H8 O).
Acceptance criteria: 95.0%–101.0%
Internal standard solution: 1 mg/mL of USP Phenol RS in methanol
System suitability solution: 5 mg/mL each of metacresol, orthocresol, and paracresol
in methanol
Standard solution: 1 mg/mL of USP Metacresol RS in the Internal standard solution
Sample solution: 1 mg/mL of Metacresol in the Internal standard solution
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame-ionization
Column: 0.25-mm × 30-m; 0.25-µm coating of G7
Temperatures
Injection port: 200
Detector: 200
Column: See Table 1.
Table 1
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
90
0
90
10
90
2
120
0
120
10
150
3
Carrier gas: Helium
Flow rate: 1.8 mL/min
Injection type: Split ratio of 1:40
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for phenol, orthocresol, paracresol, and metacresol
are about 0.77, 0.85, 0.99, and 1.00, respectively. ]
Suitability requirements
Resolution: NLT 1.4 between the paracresol and metacresol peaks, System
suitability solution
Relative standard deviation: NMT 1.0% for the peak ratio of metacresol to phenol,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metacresol (C7 H8 O) in the portion of Metacresol taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U ratio of the metacresol peak response to the phenol peak response from the
Sample solution
RS= ratio of the metacresol peak response to the phenol peak response from the
Standard solution
C=
S concentration of USP Metacresol RS in the Standard solution (mg/mL)
C=
U concentration of Metacresol in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% 1S (USP36)

IMPURITIES
Change to read:
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• Organic Impurities
System suitability solution: 5 mg/mL each of metacresol, orthocresol, and paracresol in
methanol
Sensitivity solution: 5 µg/mL of Metacresol in methanol
Sample solution: 10 mg/mL of Metacresol in methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame-ionization
Column: 0.25-mm × 30-m; 0.25-µm coating of G7
Temperatures
Injection port: 200
Detector: 200
Column: See Table 1
Table 2. 1S (USP36)
Table 1
2

1S (USP36)

Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
90
0
90
10
90
2
150
15
Carrier gas: Helium
Flow rate: 1.8 mL/min
Injection type: Split ratio of 1:40
Injection volume: 1 µL
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 1.4 between the paracresol and metacresol peaks, System suitability
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Metacresol taken:
Result = (rU/rT) × 100
r=
U peak area of each individual impurity from the Sample solution
r=
T sum of all the peak areas from the Sample solution
Acceptance criteria: See Table 2
Table 3. 1S (USP36)
Disregard any peak less than 0.05%.
Table 2
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Table 2
3

1S (USP36)

Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Orthocresol
0.85
0.5
Paracresol
0.99
0.5
Metacresol
1.00
—
Any unspecified impurity
—
0.1
Total impurities
—
1.0
2S (USP35)

SPECIFIC TESTS
• Clarity of Solution
A.
Analysis: Add 10 mL of Metacresol to 10 mL of hexane, and mix.
Acceptance criteria: A clear solution is obtained.
B.
Analysis: Add 1.0 mL of Metacresol to 20 mL of 1 N sodium hydroxide, and mix.
Acceptance criteria: A clear solution is obtained.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Add the following:
• USP Reference Standards
USP Metacresol RS
USP Phenol RS
Phenol.
C6 H6 O
94.11

11

1S (USP36)

BRIEFING
Methacholine Chloride, USP 35 page 3837. It is proposed to modernize the monograph with
the following changes:
1.
Revise the Definition to reflect that the content is determined on the dried basis.
2.
Replace the Assay by titration with a selective ion chromatography (IC) method. This
method has been validated using the Dionex IonPac CS17 brand of L## column. The
typical retention time for methacholine is about 16.5 min.
3.
Add an Identification test C based on retention time agreement of the major peaks, as
obtained in the proposed Assay.
4.
Replace the nonspecific visual test for Acetylcholine Chloride with a test for Limit of
Acetylcholine Chloride using the selective ion chromatography (IC) method in the
proposed Assay. The impurity limits are based on ICH guidelines. This method has
been validated using the Dionex IonPac CS17 brand of L## column. The typical
retention time for methacholine is about 15 min.
5.
Add USP Acetylcholine Chloride RS and USP Methacholine Chloride RS to the USP
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Reference Standards 11
of Acetylcholine Chloride.

section to support the proposed Assay and test for Limit

(SM4: H. Ramanathan, H. Joyce.)
Correspondence Number—C102660

Comment deadline: July 31, 2012
Methacholine Chloride

C8 H18 ClNO2

195.69

1-Propanaminium, 2-(acetyloxy)-N,N,N-trimethyl-, chloride, (±)-;
(±)-(2-Hydroxypropyl)trimethylammonium chloride acetate
[62-51-1].
DEFINITION
Change to read:
Methacholine Chloride, dried at 105 for 4 h,
1S (USP36)

contains NLT 98.0% and NMT 101.0% of methacholine chloride (C8 H18 ClNO2 )
, calculated on the dried basis. 1S (USP36)

IDENTIFICATION
• A. Infrared Absorption 197M
• B. Identification Tests—General, Chloride 191
Sample solution: 20 mg/mL
Acceptance criteria: Meets the requirements
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
ASSAY
Change to read:
• Procedure
Sample: 400 mg of Methacholine Chloride, previously dried. (Because it is very
hygroscopic, store the dried material in a vacuum desiccator.)
Blank: glacial acetic acid
Titrimetric system
(See Titrimetry

541 )
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Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 50 mL of Blank. Add 10 mL of mercuric acetate TS and 1
drop of crystal violet TS. Titrate with the Titrant to a blue-green endpoint. Perform the
Blank determination, and make any necessary correction. Each mL of 0.1 N perchloric
acid is equivalent to 19.57 mg of methacholine chloride (C8 H18 ClNO2 ).
Mobile phase: 0.5 g/L of methanesulfonic acid in water
Standard solution: 50 µg/mL of USP Methacholine Chloride RS in water
System suitability solution: 10 µg/mL of USP Acetylcholine Chloride RS in Standard
solution
Sample solution: 50 µg/mL of Methacholine Chloride in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: IC
Detector: Conductivity
Columns
Guard: 4.0-mm x 50-mm; L## packing
Analytical: 4.0-mm x 25-cm; L## packing
Suppressor: Ion-exchange membrane autosuppressor1 or a suitable chemical
suppression system
Suppressant: Autosuppression
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times. ]
Suitability requirements
Resolution: NLT 2 between acetylcholine and methacholine, System suitability
solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methacholine chloride (C8 H18 ClNO2 ) in the portion of
Methacholine Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Methacholine Chloride RS in the Standard solution (µg/mL)
C=
U concentration of Methacholine Chloride in the Sample solution (µg/mL)
1S (USP36)

Acceptance criteria: 98.0%–101.0% on the dried basis
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IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Delete the following:
• Acetylcholine Chloride
Sample solution: 100 mg/mL
Analysis: To 2 mL of Sample solution add 3 mL of 200 mg/mL solution of sodium
perchlorate, shake, and immerse in ice water for 5 min.
Acceptance criteria: No precipitate is formed. 1S (USP36)
Add the following:
• Limit of Acetylcholine Chloride
Mobile phase: 0.5 g/L of methanesulfonic acid in water
System suitability solution: 1 mg/mL of USP Methacholine Chloride RS and 1 µg/mL of
USP Acetylcholine Chloride RS in water
Standard solution: 1 µg/mL of USP Methacholine Chloride RS in water
Sample solution: 1 mg/mL of Methacholine Chloride in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: IC
Detector: Conductivity
Columns
Guard: 4.0-mm x 50-mm; L## packing
Analytical: 4.0-mm x 25-cm; L## packing
Suppressor: Ion-exchange membrane autosuppressor1 or a suitable chemical suppression
system
Suppressant: Autosuppression
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: Two times the retention time of methacholine
System suitability
Sample: System suitability solution
[Note—See Table 1 for the relative retention times. ]
Suitability requirements
Resolution: NLT 2 between acetylcholine and methacholine
Signal-to-noise ratio: NLT 2 for acetylcholine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of beta-methylcholine or acetylcholine in the portion of
Methacholine Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of beta-methylcholine or acetylcholine from the Sample solution
rS= peak response of methacholine chloride from the Standard solution
C=
S concentration of USP Methacholine Chloride RS in the Standard solution (µg/mL)
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C=
U concentration of Methacholine Chloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.6
0.8
1.0

Acceptance
Criteria,
NMT (%)
0.10
0.10
—

Name
Beta-methylcholinea
Acetylcholine
Methacholine
a 2-Hydroxy-N,N,N-trimethylpropan-1-aminium chloride.
1S (USP36)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 4 h.
Acceptance criteria: NMT 1.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Add the following:
• USP Reference Standards 11
USP Acetylcholine Chloride RS
USP Methacholine Chloride RS
1S (USP36)

1 Available as C ation Self-Regenerating Suppressor (C SRS) from Dionex Inc, or equivalent.

BRIEFING
Methenamine Mandelate Delayed-Release Tablets, USP 35 page 3850. In Specific Tests it
is proposed to delete the Other Requirements section, which cross-references the
Identification test, the Assay, and the Uniformity of Dosage Units test appearing in the
Methenamine Mandelate Tablets monograph. It is consequently proposed to delete the
entire section Specific Tests. As part of the revision of this monograph, it is proposed to
move the Identification test from Other Requirements to an Identification section. As part
of the redesign, it is proposed to move the Assay to its own section and to move the test
for Uniformity of Dosage Units to Performance Tests.
(SM1: L. Santos.)
Correspondence Number—C114228

Comment deadline: July 31, 2012
Methenamine Mandelate Delayed-Release Tablets
DEFINITION
Methenamine Mandelate Delayed-Release Tablets contain NLT 95.0% and NMT 105.0% of the
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labeled amount of methenamine mandelate (C6 H12 N4 ·C8 H8 O3 ).
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K
Sample: Triturate an equivalent to 5.0 mg of methenamine mandelate from finely powdered
Tablets with 5 mL of chloroform, and pass through a filter of 0.45-µm pore size. Evaporate
the solvent, and allow the residue to air-dry.
Acceptance criteria: Meet the requirements 1S (USP36)
ASSAY
• Procedure
Sample solution: Transfer an equivalent to 60 mg of methenamine mandelate, from finely
powdered Tablets (NLT 20), to a 250-mL conical flask. Add 15 mL of dehydrated alcohol,
stir to dissolve, and add 40 mL of chloroform.
Titrimetric system
Mode: Direct titration
Titrant: 0.05 N silver nitrate in dehydrated alcohol prepared as follows. Dissolve by
stirring 8.5 g of silver nitrate in 1000 mL of dehydrated alcohol. Transfer 100 mg of
sodium chloride, previously dried at 110 for 2 h, to a 100-mL beaker, and dissolve in 50
mL of water. Titrate with the silver nitrate solution to the potentiometric endpoint, using
a silver billet indicator electrode and a silver–silver chloride double-junction reference
electrode containing a potassium nitrate salt bridge. Calculate the normality of the
titrant.
Endpoint detection: Potentiometric
Analysis: Titrate the Sample solution with Titrant, determining the endpoint
potentiometrically, using a silver billet indicator electrode and a silver–silver chloride
double-junction reference electrode containing a potassium nitrate salt bridge. Each mL of
0.05 N silver nitrate is equivalent to 7.308 mg of methenamine mandelate
(C6 H12 N4 ·C8 H8 O3 ).
Acceptance criteria: 95.0%–105.0%
PERFORMANCE TESTS
• Disintegration 701 : 2.5 h, determined as directed in Delayed-Release (Enteric Coated)
Tablets
• Uniformity of Dosage Units

905 : Meet the requirements

SPECIFIC TESTS
Delete the following:
• Other requirements Delayed-release Tablets respond to the Identification test and meet
the requirements for Uniformity of dosage units and Assay under Methenamine Mandelate
Tablets. 1S (USP36)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
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• USP Reference Standards 11
USP Methenamine Mandelate RS
BRIEFING
Mitomycin, USP 35 page 3936. Based on comments received, the chemical names and
structure are revised to update them. Identification test B is revised to replace the UV
procedure with one based on a retention time comparison using the HPLC Assay. The
chromatographic column dimensions in the Assay are revised to correct the column diameter
and add the particle size.
(SM1: A. Wise.)
Correspondence Number—C111766

Comment deadline: July 31, 2012
Mitomycin
Change to read:

C15 H18 N4 O5

334.33

Azirino[2¢,3¢:3,4]pyrrolo[1,2-a]indole-4,7-dione, 6-amino-8-[[(aminocarbonyl)oxy]methyl]1,1a,2,8,8a,8b-hexahydro-8a-methoxy-5-methyl-, [1aR
S 1S (USP36)
-(1a ,8 ,8a ,8b )]-;
Amino-1,1a,2,8,8a,8b-hexahydro-8-(hydroxymethyl)-8a-methoxy-5-methylazirino[2¢,3¢: 3,4]pyrrolo[1,2-a]indole-4,7-dione carbamate (ester);
(1aS,8S,8aR,8bS)-(6-Amino-8a-methoxy-5-methyl-4,7-dioxo-1,1a,2,4,7,8,8a,8boctahydroazirino [2¢,3¢:3,4]pyrrolo[1,2-a]indol-8-yl)methyl carbamate;
1S (USP36)

Mitomycin C

[50-07-7].

DEFINITION
Mitomycin has a potency of NLT 970 µg/mg of mitomycin (C15 H18 N4 O5 ).
IDENTIFICATION
• A. Infrared Absorption 197M
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Analysis: Do not dry the sample and standard.
Acceptance criteria: Meets the requirements
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 357 nm
Standard solution: 5 µg/mL in methanol
Sample solution: 5 µg/mL in methanol
Acceptance criteria: Absorptivity, calculated on the anhydrous basis, of the Sample
solution is 95.0%–105.0% of the Standard solution.
The retention time of the major peak from the Sample solution corresponds to that from the
Standard solution, as obtained in the Assay. 1S (USP36)

ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 1.54 g of ammonium acetate in 250 mL of methanol. Add 5.0 mL of
0.83 N acetic acid and water to make 1000 mL.
System suitability solution: 0.5 mg/mL of USP Mitomycin RS and 7.5 mg/mL of 3-ethoxy4-hydroxybenzaldehyde in N,N-dimethylacetamide
Standard solution: 0.5 mg/mL of USP Mitomycin RS in N,N-dimethylacetamide
Sample solution: 0.5 mg/mL of Mitomycin in N,N-dimethylacetamide
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 365 nm
Column: 4-mm
3.9-mm 1S (USP36)

621 , System Suitability.)

× 30-cm;
10-µm 1S (USP36)
packing L11
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for mitomycin and 3-ethoxy-4-hydroxybenzaldehyde
are 1.0 and 1.4, respectively. ]
Suitability requirements
Resolution: NLT 1.8 between mitomycin and 3-ethoxy-4-hydroxybenzaldehyde, System
suitability solution
Tailing factor: NMT 1.3, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the quantity, in µg/mg, of mitomycin (C15 H18 N4 O5 ) in the portion of Mitomycin
taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Mitomycin RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
P= potency of mitomycin in USP Mitomycin RS (µg/mg)
Acceptance criteria: NLT 970 µg/mg
SPECIFIC TESTS
• Crystallinity

695 : Meets the requirements

• pH 791
Sample: 5-mg/mL suspension in water
Acceptance criteria: 6.0–7.5
• Water Determination, Method I

921 : NMT 2.5%

• Sterility Tests 71 : Where the label states that Mitomycin is sterile, it meets the
requirements when tested as directed for Test for Sterility of the Product to Be Examined,
Membrane Filtration.
• Bacterial Endotoxins Test 85 : Where the label states that Mitomycin is sterile or must
be subjected to further processing during the preparation of injectable dosage forms, it
contains NMT 10.0 USP Endotoxin Units/mg of mitomycin.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at 25 ,
excursions permitted between 15 and 30 .
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
• USP Reference Standards
USP Endotoxin RS
USP Mitomycin RS

11

BRIEFING
Mitomycin for Injection, USP 35 page 3937. As part of USP's monograph modernization
initiative and based on a request from a sponsor, Identification test B is revised to replace
the TLC procedure with one based on a retention time comparison using the HPLC Assay.
The chromatographic column dimensions in the Assay are revised to correct the column
diameter and add the particle size.
(SM1: A. Wise.)
Correspondence Number—C111767; C112704

Comment deadline: July 31, 2012
Mitomycin for Injection
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DEFINITION
Mitomycin for Injection contains NLT 90.0% and NMT 120.0% of the labeled amount of
mitomycin (C15 H18 N4 O5 ).
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Standard solution: 1 mg/mL of USP Mitomycin RS
Sample solution: Nominally 1 mg/mL of mitomycin
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 2 µL
Developing solvent system: Butyl alcohol, glacial acetic acid, and water (4:2:1)
Spray reagent: 10 mg/mL of ninhydrin in alcohol
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and the Sample solution to the plate. Allow the spots to dry,
and develop the chromatograms in the Developing solvent system. Remove the plate from
the developing chamber, mark the solvent front, and allow the solvent to evaporate.
Spray the plate with Spray reagent. Heat the plate in an oven at 110 for 15 min.
Mitomycin appears as a pink spot.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that of the Standard solution. 1S (USP36)
Add the following:
• A. The retention time of the major peak from the Sample solution corresponds to that from
the Standard solution, as obtained in the Assay. 1S (USP36)
ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 1.54 g of ammonium acetate in 250 mL of methanol. Add 5.0 mL of
0.83 N acetic acid and water to make 1000 mL.
System suitability solution: 0.5 mg/mL of USP Mitomycin RS and 7.5 mg/mL of 3-ethoxy4-hydroxybenzaldehyde in N,N-dimethylacetamide
Standard solution: 0.5 mg/mL of USP Mitomycin RS in N,N-dimethylacetamide
Sample solution: Add an accurately measured volume of N,N-dimethylacetamide to 1
container of Mitomycin for Injection to obtain a solution that is nominally 0.5 mg/mL of
mitomycin.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 365 nm
Column: 4-mm
3.9-mm 1S (USP36)
× 30-cm;
10-µm 1S (USP36)
packing L11
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for mitomycin and 3-ethoxy-4-hydroxybenzaldehyde
are 1.0 and 1.4, respectively. ]
Suitability requirements
Resolution: NLT 1.8 between mitomycin and 3-ethoxy-4-hydroxybenzaldehyde, System
suitability solution
Tailing factor: NMT 1.3, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mitomycin (C15 H18 N4 O5 ) in the container of Mitomycin for
Injection taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Mitomycin RS in the Standard solution (mg/mL)
C=
U nominal concentration of mitomycin in the Sample solution (mg/mL)
P= potency of mitomycin in USP Mitomycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

SPECIFIC TESTS
• pH 791
Sample solution: Constitute as directed in the labeling.
Acceptance criteria: 6.0–8.0 where it contains mannitol, and 5.5–8.5 where it contains
hydroxypropyl betadex
• Water Determination, Method Ia 921
Sample solution: Prepare as directed for a hygroscopic specimen, using the pooled
contents of five containers.
Acceptance criteria: NMT 5.0%
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• Bacterial Endotoxins Test

85 : Contains NMT 10.0 USP Endotoxin Units/mg of mitomycin

• Sterility Tests 71 : Meets the requirements when tested as directed for Test for Sterility
of the Product to Be Examined, Membrane Filtration
• Constituted Solution: At the time of use, it meets the requirements for Injections
Constituted Solutions.
• Other Requirements: Meets the requirements in Injections

1 ,

1

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve as described in Injections

1 , Containers for Sterile

Solids, protected from light. Store at 25 , excursions permitted between 15 and 30 .
• USP Reference Standards
USP Endotoxin RS
USP Mitomycin RS

11

BRIEFING
Moexipril Hydrochloride. Because there is no existing monograph for this drug substance, a
new USP monograph, based on validated test methods, is being proposed. The proposed
liquid chromatographic procedures in the Assay and in the test for Organic Impurities are
validated using the Gemini 110A, 5-µm column of L1 packing. The typical retention time for
moexipril in the Assay and in the test for Organic Impurities is about 11.5 and 20.9 min,
respectively. The proposed liquid chromatographic procedure in the test for Content of
Imidazole is validated using a 5-µm Hypersil silica column of packing L1. The typical
retention time of imidazole is about 6 min.
(SM2: S. Ramakrishna, H. Cai.)
Correspondence Number—C92522

Comment deadline: July 31, 2012
Add the following:
Moexipril Hydrochloride

C27 H34 N2 O7 ·HCl

535.03

3-Isoquinolinecarboxylic acid, 2-[2-[[1-(ethoxycarbonyl)-3-phenylpropyl]amino]-1-oxopropyl]1,2,3,4-tetrahydro-6,7-dimethoxy-, monohydrochloride, [3S-[2[R*(R*)], 3R*]]-;
(3S)-2-[(2S)-[(1S)-1-Carboxy-3-phenylpropyl]alanyl]-1,2,3,4-tetrahydro-6,7-dimethoxy-3isoquinolinecarboxylic acid, 2-ethyl ester, monohydrochloride.
[82586-52-5].
DEFINITION
Moexipril Hydrochloride contains NLT 98.0% and NMT 102.0% of moexipril hydrochloride (C27 H34
N2 O7 ·HCl), calculated on the anhydrous basis.
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IDENTIFICATION
• A. Infrared Absorption 197K
• B. The relative retention time of the major peak from the Sample solution corresponds to
that of the Standard solution, as obtained in the Assay.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Buffer: 1.32 g/L of dibasic ammonium phosphate. Adjust with diluted phosphoric acid to a
pH of 7.5.
Solution A: Acetonitrile and tetrahydrofuran (95:5)
Mobile phase: Solution A and Buffer (30:70)
Standard solution: 0.1 mg/mL of USP Moexipril Hydrochloride RS in Mobile phase. [Note
—Sonication may be necessary for complete dissolution. ]
Sample solution: 0.1 mg/mL of Moexipril Hydrochloride in Mobile phase. [Note—Sonication
may be necessary for complete dissolution. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: NLT 3.2 times the retention time of moexipril
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of moexipril hydrochloride (C27 H34 N2 O7 ·HCl) in the portion of
sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Moexipril Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Moexipril Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 10 ppm

• Residue on Ignition 281 : NMT 0.20%
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• Organic Impurities
[Note—Use freshly prepared samples for analysis. ]
Solution A and Chromatographic system: Proceed as directed in the Assay.
Solution B: Proceed as directed for the Buffer in the Assay.
Diluent: Solution A and Solution B (20:80)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
20
80
5
20
80
35
55
45
65
55
45
70
20
80
80
20
80
Standard solution 1: 4 µg/mL of USP Moexipril Hydrochloride RS in Diluent. [Note
—Sonication may be necessary for complete dissolution. ]
Standard solution 2: 2 mg/mL of USP Moexipril Hydrochloride RS and 3 µg/ml each of USP
Moexipril Related Compound A RS, USP Moexipril Related Compound B RS, USP Moexipril
Related Compound C RS, USP Moexipril Related Compound D RS, USP Moexipril Related
Compound E RS, USP Moexipril Related Compound F RS, and USP Moexipril Related
Compound G RS in Diluent. [Note—Sonication may be necessary for complete dissolution. ]
Sample solution: 2 mg/mL of Moexipril Hydrochloride in Diluent. [Note—Sonication may be
necessary for complete dissolution. ]
System suitability
Samples: Standard solution 1 and Standard solution 2
Suitability requirements
Resolution: NLT 3.5 between moexipril related compound A and moexipril related
compound E; NLT 2.5 between moexipril and moexipril related compound G, Standard
solution 2
Relative standard deviation: NMT 5.0% for moexipril, Standard solution 1
Analysis
Samples: Standard solution 1, Standard solution 2, and Sample solution
Calculate the percentage of each specified impurity in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each specified impurity from the Sample solution
rS= peak response of the corresponding USP Moexipril Related Compound RS from Standard
solution 2.
C=
S concentration of each specified impurity in Standard solution 2 (mg/mL)
C=
U concentration of Moexipril Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other individual unspecified impurity in the portion of
sample taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of each individual unspecified impurity from the Sample solution
rS= peak response of moexipril from Standard solution 1
C=
S concentration of USP Moexipril Hydrochloride RS in Standard solution 1 (mg/mL)
C=
U concentration of Moexipril Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2 .
Table 2

Name
Compound Ea
Compound Ab
Compound F c
Compound Gd

Moexipril Related
Moexipril Related
Moexipril Related
Moexipril Related
Moexipril
Moexipril Related Compound De
Moexipril Related Compound Bf
Moexipril Related Compound Cg
Any other individual unspecified impurity
Total impuritiesh
a
b
c
d

Relative
Retention
Time
0.14
0.28
0.62
0.90
1.00
1.28
1.62
2.26
—
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
0.15
0.15
—
0.15
0.15
0.15
0.10
1.00

(S)-6,7-Dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
2-Methyl-2-propylpropane-1,3-diyl dicarbamate.
(S)-2-[(S)-1-Ethoxy-1-oxo-4-phenylbutan-2-ylamino]propanoic acid.
(S)-6,7-Dimethoxy-2-{(S)-2-[(S)-1-methoxy-1-oxo-4-phenylbutan-2ylamino]propanoyl}-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
e (S)-2-{(S)-2-[(S)-4-Cyclohexyl-1-ethoxy-1-oxobutan-2-ylamino]propanoyl}-6,7dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
f (S)-Ethyl 2-{(3S,11aS)-8,9-Dimethoxy-3-methyl-1,4-dioxo-3,4-dihydro-1H-pyrazino[1,2b]isoquinolin-2(6H,11H,11aH)-yl}-4-phenylbutanoate.
g (S)-tert-Butyl 2-{(S)-2-[(S)-1-ethoxy-1-oxo-4-phenylbutan-2-ylamino]propanoyl}-6,7dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylate.
h Sum of all specified and unspecified impurities. Disregard peaks less than 0.02%.
• Content of Imidazole
Mobile phase: Hexane, isopropyl alcohol, and diethyl amine (52: 48: 0.025)
Standard solution: 0.01 mg/mL of USP Imidazole RS in Mobile phase. [Note—Sonication
may be necessary for complete dissolution. ]
Sample solution: 2 mg/mL of Moexipril Hydrochloride in Mobile phase. [Note—Sonication
may be necessary for complete dissolution. Use freshly prepared Sample solution for
analysis. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
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Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 3.3 times the retention time of imidazole
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of imidazole in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of imidazole from the Sample solution
rS= peak response of USP Imidazole RS from the Standard solution
C=
S concentration of USP Imidazole RS in the Standard solution (mg/mL)
C=
U concentration of Moexipril Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.03%
SPECIFIC TESTS
• Water Determination, Method Ia
• Optical Rotation, Specific Rotation

921 : NMT 1.5%
781 : +30.0 to +38.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from moisture. Store at 2 –
8 under nitrogen.
• USP Reference Standards 11
USP Imidazole RS
USP Moexipril Hydrochloride RS
USP Moexipril Related Compound A RS
2-Methyl-2-propylpropane-1,3-diyl dicarbamate.
C25 H30 N2 O7
470.51
USP Moexipril Related Compound B RS
(S)-Ethyl 2-{(3S,11aS)-8,9-dimethoxy-3-methyl-1,4-dioxo-3,4-dihydro-1Hpyrazino[1,2-b]isoquinolin-2(6H,11H,11aH)-yl}-4-phenylbutanoate.
C27 H32 N2 O6
480.55
USP Moexipril Related Compound C RS
(S)-tert-Butyl 2-{(S)-2-[(S)-1-ethoxy-1-oxo-4-phenylbutan-2-ylamino]propanoyl}6,7-dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylate.
C31 H42 N2 O7
554.67
USP Moexipril Related Compound D RS
(S)-2-{(S)-2-[(S)-4-Cyclohexyl-1-ethoxy-1-oxobutan-2-ylamino]propanoyl}-6,7dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
C27 H40 N2 O7
504.62
USP Moexipril Related Compound E RS
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(S)-6,7-Dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
C12 H15 NO4
237.25
USP Moexipril Related Compound F RS
(S)-2-[(S)-1-Ethoxy-1-oxo-4-phenylbutan-2-ylamino]propanoic acid.
C15 H21 NO4
279.33
USP Moexipril Related Compound G RS
(S)-6,7-Dimethoxy-2-{(S)-2-[(S)-1-methoxy-1-oxo-4-phenylbutan-2ylamino]propanoyl}-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
C26 H32 N2 O7
484.54
1S (USP36)

BRIEFING
Nicardipine Hydrochloride. Because there is no existing USP monograph for this drug
substance, a new monograph is being proposed based on the validated test methods. The
liquid chromatographic procedure in the test for Organic Impurities is based on the analyses
performed using 5-µm Lichrosphere column of packing L7. The typical retention time of the
nicardipine peak is about 21 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C95805

Comment deadline: July 31, 2012
Add the following:
Nicardipine Hydrochloride

C26 H29 N3 O6 ·HCl

515.99

(1) 3,5-Pyridinedicarboxylic acid, 1,4-dihydro-2,6-dimethyl-4-(3-nitrophenyl)-, methyl 2[methyl(phenylmethyl)amino]ethyl ester, monohydrochloride;
2-(Benzylmethylamino)ethyl methyl 1,4-dihydro-2,6-dimethyl-4-(m-nitrophenyl)-3,5pyridinedicarboxylate monohydrochloride.
[54527-84-3].
Nicardipine free base
C26 H29 N3 O6
479.52
[55985-32-5].
DEFINITION
Nicardipine Hydrochloride contains NLT 98.0% and NMT 101.0% of nicardipine hydrochloride
(C26 H29 N3 O6 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Analytical wavelength: 355 nm
Sample solution: 0.5 mg/mL in alcohol
Acceptance criteria: The sample exhibits absorption maximum at 355 nm.
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• C. Identification Tests—General, Chloride 191
Sample solution: 2.5 mg/mL in methanol
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Sample: 300 mg of Nicardipine Hydrochloride
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Blank: 50 mL of glacial acetic acid and 10 mL of mercuric acetate TS
Analysis: Dissolve the sample in 50 mL of glacial acetic acid and 10 mL mercuric acetate
TS, by warming slightly, if necessary. Allow to cool, titrate with 0.1 N perchloric acid VS,
and determine the end point potentiometrically. Perform a blank determination, and make
any necessary corrections.
Calculate the percentage of nicardipine hydrochloride (C26 H29 N3 O6 ·HCl) in the portion of
the sample taken:
Result = [(VS/VB) × N × F × 100]/W
V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= normality of the Titrant (mEq/mL)
F= equivalency factor, 51.57 mg/mEq
W= sample weight (mg)
Acceptance criteria: 98.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Organic Impurities
[Note—Protect all solutions from light. ]
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust the solution with
potassium hydroxide to a pH of 4.8.
Solution A: Acetonitrile and methanol (82:18)
Mobile phase: Solution A and Buffer (40:60)
System suitability solution: 0.6 mg/mL of USP Nicardipine Hydrochloride RS in the Mobile
phase prepared as follows. To a suitable amount of USP Nicardipine Hydrochloride RS in a
suitable volumetric flask, add the Mobile phase to fill about 10% of the volume of the
flask, and sonicate for 2 min. Then add 10% hydrogen peroxide solution to fill an additional
10% of the volume of the flask. Allow it to stand for 30 min, then dilute with Mobile phase
to volume. [Note—Nicardipine hydrochloride degrades to produce nicardipine pyridine
analog, nicardipine dimethyl ester analog, and nicardipine bis analog. Use a freshly
prepared sample to avoid further degradation for analysis. ]
Standard solution: 3 µg/mL of USP Nicardipine Hydrochloride RS in Mobile phase
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Sample solution: 0.6 mg/mL of Nicardipine Hydrochloride in Mobile phase. [Note
—Sonication may be necessary for complete dissolution. ]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 237 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 35 –40 . [Note—To attain resolution, the Column temperature
may be adjusted instead of the Mobile phase composition. ]
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: NLT four times the retention time of Nicardipine
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between nicardipine and dimethylanalog and NLT 1.5 between bis
analog and dimethyl analog, System suitability solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of nicardipine in the Standard solution
C=
S concentration of USP Nicardipine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Nicardipine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Nicardipine pyridine analoga
Nicardipine
Nicardipine dimethyl ester analogb
Nicardipine bis analogc
Any other individual unidentified impurity
Total impuritiesd

Relative
Retention
Time
0.67
1.00
1.20
1.33
—
—

Acceptance
Criteria,
NMT (%)
0.1
—
0.5
0.5
0.1
1.2
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a 3-{2-[Benzyl(methyl)amino]ethyl} 5-methyl 2,6-dimethyl-4-(3-nitrophenyl)pyridine-3,5dicarboxylate dihydrochloride.
b Dimethyl 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine-3,5-dicarboxylate.
c Bis{2-[benzyl(methyl)amino]ethyl} 2,6-dimethyl-4-(3-nitrophenyl)-1,4-dihydropyridine3,5-dicarboxylate dihydrochloride.
d Disregard peaks less than 0.01%.
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 , protected from light to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tightly closed containers, protected from light.
• USP Reference Standards 11
USP Nicardipine Hydrochloride RS
1S (USP36)

BRIEFING
Nortriptyline Hydrochloride USP 35 page 4087. It is proposed to modernize the monograph
with the following changes:
1.
Revise Identification test A from Infrared Absorption

197S

to Infrared Absorption

197K . This is consistent with the initiative to eliminate the use of chlorinated
solvents in USP monographs wherever possible.
2.
Replace the titration method in the Assay with a selective HPLC method that is based
on the Assay procedure in the Amitriptyline Hydrochloride monograph. The method
has been validated using a GL Sciences Inertsil C8 brand of L7 column. The typical
retention time for nortriptyline is about 15 min.
3.
Replace Identification test B for ultraviolet absorption with a retention time agreement
of the major peaks in the Assay.
4.
Add a test for Organic Impurities, adopted from the related substances procedure for
the Nortriptyline Hydrochloride monograph in the 7th edition of the European
Pharmacopoeia. The procedure uses a Zorbax Eclipse XDB C8 brand of L7 column,
from which nortriptyline elutes at about 13 min.
5.
Delete the test for Melting Range or Temperature because a selective HPLC method for
monitoring the organic impurities is being proposed. Additionally, the Melting Range or
Temperature test contributes no additional value in establishing the quality of the
drug substance.
6.
Include the use of appropriate USP reference standards to support the proposed test
for Organic Impurities.
(SM4: H. Ramanathan.)
Correspondence Number—C88975

Comment deadline: July 31, 2012
Nortriptyline Hydrochloride
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299.84

1-Propanamine, 3-(10,11-dihydro-5H-dibenzo[a,d]cyclohepten-5-ylidene)-N-methyl-,
hydrochloride;
10,11-Dihydro-N-methyl-5H-dibenzo[a,d]cycloheptene-D5,
[894-71-3].

-propylamine hydrochloride

DEFINITION
Nortriptyline Hydrochloride contains NLT 97.0% and NMT 101.5% of nortriptyline hydrochloride
(C19 H21 N·HCl), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197S
Infrared Absorption 197K

1S (USP36)

Sample solution: 50 mg/mL in chloroform
1S (USP36)

Change to read:
• B. Ultraviolet Absorption 197U
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
Sample solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities at 239 nm, calculated on the dried basis, do not differ
by more than 3.0%.
1S (USP36)

• C. Identification Tests—General, Chloride
specified for alkaloidal hydrochlorides

191 : Meets the requirements when tested as

ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 600 mg of Nortriptyline Hydrochloride in 50 mL of glacial acetic
acid, and add 10 mL of mercuric acetate TS.
Analysis: Titrate the Sample solution with 0.1 N perchloric acid VS. Perform a blank
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determination, and make any necessary correction. Each mL of 0.1 N perchloric acid is
equivalent to 29.98 mg of nortriptyline hydrochloride (C19 H21 N·HCl).
Acceptance criteria: 97.0%–101.5% on the dried basis
Solution A: Phosphoric acid and water (1:10)
Buffer: Dissolve 1.4 g of dibasic sodium phosphate in 1 L of water, and adjust with
Solution A to a pH of 7.7.
Mobile phase: Methanol and Buffer (70:30)
Standard solution: 0.2 mg/mL of USP Nortriptyline Hydrochloride RS in Mobile phase
Sample solution: 0.2 mg/mL of Nortriptyline Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 45
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 1.3 times the retention time of nortriptyline
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of nortriptyline hydrochloride (C19 H21 N·HCl) in the portion of
the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Nortriptyline Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Nortriptyline Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–101.5% on the dried basis 1S (USP36)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities
Standard solution A: 25.0 mg/mL of USP Nortriptyline Hydrochloride RS in methanol
Standard solution B (0.5%): 125 µg/mL of USP Nortriptyline Hydrochloride RS in
methanol, from Standard solution A
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Standard solution C (0.3%): 75 µg/mL of USP Nortriptyline Hydrochloride RS in methanol
, from Standard solution A
Standard solution D (0.2%): 50 µg/mL of USP Nortriptyline Hydrochloride RS in
methanol, from Standard solution A
Standard solution E (0.1%): 25 µg/mL of USP Nortriptyline Hydrochloride RS in methanol,
from Standard solution A
Standard solution F (0.05%): 12.5 µg/mL of USP Nortriptyline Hydrochloride RS in
methanol, from Standard solution A
Sample solution: 25 mg/mL of Nortriptyline Hydrochloride in methanol
Chromatographic system
Mode: TLC
Adsorbent: Chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Acetonitrile, methanol, and ammonium hydroxide (10:1:1)
Spray reagent A: Dragendorff's TS
Spray reagent B: Hydrogen peroxide TS
Analysis
Samples: Sample solution and Standard solutions A, B, C, D, E, and F
Apply samples as directed in Ordinary Impurities 466 . Examine the plate under shortwavelength UV light, then spray the plate with Spray reagent A, dry the plate with a
stream of nitrogen, and spray with Spray reagent B.
Acceptance criteria: Any secondary spot at an RF value of 0.78 relative to the
nortriptyline spot in the Sample solution is not greater than the principal spot for
Standard solution D; any other secondary spot in the Sample solution is NMT 0.1%; and
the sum of all secondary spots is NMT 0.5%.
Solution A: 400 mg/mL of tetrabutylammonium hydroxide in water
Solution B: Phosphoric acid and water (1:7)
Buffer: Dissolve 0.7 g of potassium dihydrogen phosphate in 900 mL water. Add 3.25 mL
of Solution A, and adjust with Solution B to a pH of 7.5. Dilute with water to 1 L.
Mobile phase: Methanol and Buffer (75:25). [Note—The Mobile phase ratio can be
adjusted to 70:30 to meet the system suitability requirements. ]
System suitability solution: 2.0 µg/mL each of USP Amitriptyline Related Compound B
RS, USP Cyclobenzaprine Related Compound B RS, and USP Nortriptyline Hydrochloride
RS in Mobile phase
Standard solution: 2.0 µg/mL of USP Nortriptyline Hydrochloride RS in Mobile phase
Sample solution: 2.0 mg/mL of Nortriptyline Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 35 . [Note—The Column temperature can be adjusted to 45
to meet the system suitability requirements. ]
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 3 times the retention time of nortriptyline
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System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.4 between the amitriptyline related compound B and
cyclobenzaprine related compound B peaks; NLT 2.0 between the cyclobenzaprine
related compound B and nortriptyline peaks, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Nortriptyline
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of nortriptyline from the Standard solution
C=
S concentration of USP Nortriptyline Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Nortriptyline Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard peaks less than 0.05% of the area of the
principal peak from the Standard solution.
Table 1
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Amitriptyline related compound Aa
0.05
0.5
1.0
Amitriptyline related compound Bb
0.15
0.8
0.58
Cyclobenzaprine related compound Bc
0.10
0.9
1.0
Nortriptyline
1.0
—
—
Any other individual impurity
—
1.0
0.10
Total impurities
—
—
0.2
a Dibenzosuberone.
b 5-[3-(Dimethylamino)propyl]-10,11-dihydro-5H-dibenzo[a,d]-cyclohepten-5-ol.
c 3-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-N-methyl-1-propanamine.
1S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I 741 : 215 –220 , but the range between
beginning and end of melting does not exceed 3 .
• Loss on Drying 731
Analysis: Dry a sample at 105 for 3 h.

1S (USP36)
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Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Amitriptyline Related Compound B RS
5-[3-(Dimethylamino)propyl]-10,11-dihydro-5H-dibenzo[a,d]-cyclohepten-5-ol.
C20 H25 NO
295.42
USP Cyclobenzaprine Related Compound B RS
3-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-N-methyl-1-propanamine.
C19 H19 N
261.36 1S (USP36)
USP Nortriptyline Hydrochloride RS
BRIEFING
Omeprazole, USP 35 page 4112. As part of the USP monograph modernization effort, the
following revisions, based on validated methods of analyses, are proposed.
1.
Two tests for Organic Impurities, TLC-based Procedure 1 and HPLC-based Procedure 2,
are replaced by a single liquid chromatographic procedure which is capable of
separating the impurities listed in Table 2.
2.
The TLC-based Identification test A is replaced with the HPLC retention time agreement
based on the Assay.
3.
The test for Color of Solution is renamed Limit of Omeprazole Related Compounds F and
G, and the acceptance criteria are clarified to be consistent with the Omeprazole
monograph in European Pharmacopoeia.
The new liquid chromatographic procedure in the test for Organic Impurities is based on
analyses performed with a Waters Symmetry C8 brand of L7 column. The typical retention
time for omeprazole is about 21 min.
(SM3: E. Gonikberg, A. Martin-Esker.)
Correspondence Number—C90773

Comment deadline: July 31, 2012
Omeprazole

C17 H19 N3 O3 S

345.42

1H-Benzimidazole, 5-methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]-;
5-Methoxy-2-[[(4-methoxy-3,5-dimethyl-2-pyridinyl)methyl]sulfinyl]benzimidazole
[7359058-6].
DEFINITION
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Omeprazole contains NLT 98.0% and NMT 102.0% of omeprazole (C17 H19 N3 O3 S), calculated on
the dried basis.
IDENTIFICATION
Change to read:
• A. The RF value of the principal spot from the Identification solution corresponds to that of
the principal spot from Standard solution B, obtained as directed in Organic Impurities,
Procedure 1.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
• B. Infrared Absorption 197K
ASSAY
• Procedure
Buffer: Dissolve 0.725 g of monobasic sodium phosphate and 4.472 g of anhydrous dibasic
sodium phosphate in 1000 mL of water. Dilute 250 mL of this solution with water to 1000
mL. If necessary, adjust with phosphoric acid to a pH of 7.6.
Mobile phase: Acetonitrile and Buffer (1:3)
Diluent: Acetonitrile and 0.01 M sodium borate (1:3)
Standard solution: 0.2 mg/mL of USP Omeprazole RS in Diluent
System suitability solution: 0.1 mg/mL of USP Omeprazole RS in Diluent from the
Standard solution
Sample solution: 0.2 mg/mL of Omeprazole in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Capacity factor, k¢ : NLT 6.0
Column efficiency: NLT 3000 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of omeprazole (C17 H19 N3 O3 S) in the portion of Omeprazole
taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Omeprazole RS in the Standard solution (mg/mL)
C=
U concentration of Omeprazole in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Delete the following:
• Organic Impurities, Procedure 1
Diluent: Methylene chloride and methanol (1:1)
Standard solution A: 0.5 mg/mL of USP Omeprazole RS in Diluent
Standard solution B: 0.15 mg/mL of USP Omeprazole RS in Diluent, from Standard solution
A.
Standard solution C: 0.05 mg/mL of USP Omeprazole RS in Diluent, from Standard solution
A.
Sample solution: 50 mg/mL of Omeprazole in Diluent
Identification solution: 0.25 mg/mL of Omeprazole in Diluent, from the Sample solution.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Ammonia-saturated methylene chloride, methylene chloride,
and isopropyl alcohol (2:2:1).
To prepare ammonia-saturated methylene chloride, shake 100 mL of methylene chloride
with 30 mL of ammonium hydroxide in a separatory funnel, allow the layers to separate,
and use the lower layer.
Analysis
Samples: Identification solution, Standard solutions, and Sample solution
Proceed as directed for Chromatography 621 , Thin Layer Chromatography. Examine
the plate under short-wavelength UV light. Estimate the intensities of any secondary
spots observed in the chromatogram of the Sample solution by comparison with the spots
in the chromatograms of the Standard solutions.
Acceptance criteria: No secondary spot from the chromatogram of the Sample solution is
larger or more intense than the principal spot from Standard solution B (0.3%), and the
sum of the intensities of all secondary spots from the Sample solution is not more intense
than the principal spot from Standard solution A (1.0%). 1S (USP36)
Delete the following:
• Organic Impurities, Procedure 2
Buffer, Mobile phase, System suitability solution, and System suitability: Proceed as
directed in the Assay.
Diluent: Use Mobile phase.
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Sample solution: 0.16 mg/mL of Omeprazole in Diluent. [Note—Prepare this solution fresh. ]
Chromatographic system: Proceed as directed in the Assay, except to inject 40 µL. Allow
the Sample solution to elute for NLT two times the retention time of omeprazole.
Analysis
Samples: Sample solution and Diluent
Calculate the percentage of each impurity in the portion of Omeprazole taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity from the Sample solution
r=
T sum of the responses of all peaks from the Sample solution
Acceptance criteria
Individual Impurity: NMT 0.3%
Total impurities: NMT 1.0%
1S (USP36)

Add the following:
• Organic Impurities
Solution A: Dissolve 0.725 g of monobasic sodium phosphate and 4.472 g of anhydrous
dibasic sodium phosphate in 1000 mL of water. Dilute 250 mL of this solution with water to
1000 mL. Adjust with phosphoric acid to a pH of 7.0.
Solution B: Acetonitrile
Mobile phase: See Table 1. Return to the original conditions and re-equilibrate the system
for about 10 min.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
12
75
25
22
50
50
45
50
50
45.1
75
25
Diluent: Solution A and Solution B (3:1)
System suitability solution: 0.6 mg/mL of USP Omeprazole RS, 0.6 µg/mL each of USP
Omeprazole Related Compound A RS, USP Omeprazole Related Compound E RS, USP
Omeprazole Related Compound I RS, and 5-methoxy-1H-benzimidazol-2-thiol in Diluent.
[Note—This solution is stable for 14 h when stored at 4 . ]
Standard solution: 6.0 µg/mL of USP Omeprazole RS in Diluent. [Note—This solution is
stable for 14 h when stored at 4 . ]
Sample solution: 0.6 mg/mL of Omeprazole in Diluent. [Note—Inject within 1 h of
preparation. ]
Sensitivity solution: 0.3 µg/mL of USP Omeprazole RS from the Standard solution
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 264 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 0.8 mL/min
Injection volume: 40 µL
Autosampler temperature: 4
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 2.0 between omeprazole and omeprazole related compound A, System
suitability solution
Relative standard deviation: NMT 5%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Omeprazole taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of omeprazole from the Standard solution
C=
S concentration of USP Omeprazole RS in the Standard solution (mg/mL)
C=
U concentration of Omeprazole in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard any peak below 0.05%.
Table 2

Name
5-Methoxy-1H-benzimidazol-2-thiol
Omeprazole N-oxide (omeprazole related
compound E)
Omeprazole sulfone N-oxide (omeprazole
related compound I)
Desmethoxy omeprazolea
Omeprazole
Omeprazole sulfone (omeprazole related
compound A)
Omeprazole 4-chloro analogb
Chloromethylmethoxylutidine (if present)c
Ufiprazoled
Omeprazole thioxopyrido analogse
Any other individual impurity
Total impurities

Relative
Retention
Time
0.41

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.0
0.15

0.53

1.34

0.15

0.58
0.97
1.0

1.48
1.0
—

0.15
0.15
—

1.07
1.16
1.21
1.25
1.55 and 1.64
—
—

1.0
1.0
0.45
1.0
—
1.0
—

0.15
0.15
0.15
0.15
—
0.10
1.0
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a 2-[(RS)-[(3,5-Dimethylpyridin-2-yl)methyl]sulfinyl]-5-methoxy-1H-benzimidazole.
b 2-[(RS)-[4-Chloro-3,5-dimethylpyridin-2-yl)methyl]sulfinyl]-5-methoxy-1Hbenzimidazole.
c 2-Chloromethyl-4-methoxy-3,5-dimethylpyridine.
d 5-Methoxy-2-((4-methoxy-3,5-dimethylpyridin-2-yl)methylthio)-1H-benzimidazole.
e Omeprazole related compounds F and G (1,3-dimethyl-8-methoxy-12thioxopyrido[1¢,2¢:3,4]imidazo[1,2-a]benzimidazol-2(12H)-one and 1,3-dimethyl-9methoxy-12-thioxopyrido[1¢,2¢:3,4]imidazo[1,2-a]benzimidazol-2(12H)-one). These
impurities are controlled in the test for Limit of Omeprazole Related Compounds F and G.
1S (USP36)

SPECIFIC TESTS
• Completeness of Solution 641
Sample solution: 20 mg/mL of Omeprazole in methylene chloride
Acceptance criteria: Meets the requirements
Change to read:
• Color of Solution
Limit of Omeprazole Related Compounds F and G

1S (USP36)

Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 440 nm
Cell: 1 cm
Sample solution: 20 mg/mL of Omeprazole in methylene chloride
Blank: Methylene chloride
Acceptance criteria: The absorbance is NMT 0.10,
corresponding to NMT 350 ppm of the sum of omeprazole related compounds F and G.
1S (USP36)

• Loss on Drying 731
Analysis: Dry a sample under vacuum at 60 for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store in a cold place, protected
from moisture.
Change to read:
• USP Reference Standards 11
USP Omeprazole RS
USP Omeprazole Related Compound A RS
Omeprazole sulfone.
5-Methoxy-2-[[(4-methoxy-3,5-dimethylpyridin-2-yl)methyl]sulfonyl]-1Hbenzimidazole.
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C17 H19 N3 O4 S
361.42
USP Omeprazole Related Compound E RS
Omeprazole N-oxide.
4-Methoxy-2-[[(RS)-(5-methoxy-1H-benzimidazol-2-yl)sulfinyl]methyl]-3,5dimethylpyridine 1-oxide.
C17 H19 N3 O4 S
361.42
USP Omeprazole Related Compound I RS
Omeprazole sulfone N-oxide.
4-Methoxy-2-[[(5-methoxy-1H-benzimidazol-2-yl)sulfonyl]methyl]-3,5dimethylpyridine 1-oxide.
C17 H19 N3 O5 S
377.41 1S (USP36)
BRIEFING
Phenytoin Sodium Injection, USP 35 page 4314. In an effort to modernize the monograph,
the following revisions are proposed:
1.
The packed column gas chromatographic procedure used in the test for Alcohol and
Propylene Glycol Content is being replaced with a capillary column gas
chromatographic procedure. The proposed procedure is based on analyses performed
with the Stabilwax (Crossbond Carbowax PEG) G16 column manufactured by Restek
Corporation, in which alcohol and propylene glycol elute at 4.6 and 13.3 min,
respectively. The proposed capillary gas chromatographic procedure uses two of the
existing USP Reference Standards.
2.
Reference to general chapter 197 is introduced in Identification test A.
3.
The Note in the Definition has been moved to the Labeling section under Additional
Requirements as this is a safety precaution that practitioners should be able to see;
hence its appropriate place is in the Labeling section.
(SM4: R. Ravichandran, H. Ramanathan.)
Correspondence Number—C95945

Comment deadline: July 31, 2012
Phenytoin Sodium Injection
DEFINITION
Change to read:
Phenytoin Sodium Injection is a sterile solution of Phenytoin Sodium with Propylene Glycol and
Alcohol in Water for Injection. It contains NLT 95.0% and NMT 105.0% of the labeled amount of
phenytoin sodium (C15 H11 N2 NaO2 ).
[Note—Do not use the Injection if it is hazy or contains a precipitate. ]
1S (USP36)

IDENTIFICATION
Change to read:
• A.
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Infrared Absorption 197K

1S (USP36)

Sample: Transfer an equivalent of 250 mg of phenytoin sodium from a volume of Injection,
to a separator containing 25 mL of water. Extract first with 50 mL of ethyl acetate and
then with two additional 30-mL portions of ethyl acetate. Wash each extract with two
20-mL portions of sodium acetate solution (10 mg/mL). Evaporate the combined ethyl
acetate extracts, and dry the residue of phenytoin at 105 to constant weight.
Acceptance criteria: Reside obtained from Sample meets the requirements.
• B. Identification Tests—General, Sodium
test.

191 : Meets the requirements of the flame

ASSAY
• Procedure
Mobile phase: Methanol and water (55:45)
Standard solution: 0.23 mg/mL of USP Phenytoin RS in Mobile phase
Sample solution: Nominally 0.25 mg/mL of phenytoin sodium from a volume of Injection
equivalent to 250 mg of phenytoin sodium in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 25-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phenytoin sodium (C15 H11 N2 NaO2 ) in
the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Phenytoin RS in the Standard solution (mg/mL)
CU= nominal concentration of phenytoin sodium in the Sample solution (mg/mL)
Mr1
= molecular weight of phenytoin sodium, 274.25
Mr2
= molecular weight of phenytoin, 252.27
Acceptance criteria: 95.0%–105.0%
OTHER COMPONENTS
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Change to read:
• Alcohol and Propylene Glycol Content
Internal standard solution: Pipet 8mL of methanol and and 20 mL of ethylene glycol into
a 100 mL volumetric flask, dilute with water to volume and mix.in water
Solution A: Pipet 6 mL of dehydrated alcohol into a 100-mL volumetric flask, and dilute
with water to volume.
Solution B: Pipet 20 mL of propylene glycol into a 100-mL volumetric flask, and dilute with
water to volume.
Standard solution: Pipet 10 mL each of Internal standard solution, Solution A, and
Solution B into a 100-mL volumetric flask, and dilute with water to volume.
Sample solution: Pipet 5 mL of Injection and 10 mL of Internal standard solution into a
100-mL volumetric flask, and dilute with water to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 1.8-m × 2.0-mm (ID) glass column; packed with 50–80 mesh silanized packing
S3
Temperature:
Column: See Table 1.

140
140

Table 1
Initial
Temperature
Final
Hold Time
Temperature
Ramp
Temperature
at Final
Temperature
( /min)
0
140
3
6
190
6

Injection port: 200
Detector: 200
Carrier gas: Helium
Flow rate: 40 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution (five replicate injections)
[Note—The order of elution is methanol, alcohol, ethylene glycol, and propylene glycol in
order of increasing retention time. The relative retention times for methanol is 1.0;
alcohol with respect to methanol is 2.2; relative retention time of ethylene glycol is 1.0
and propylene glycol with respect to the ethylene glycol is 1.4. ]
Suitability requirements
Resolution: NLT 2.0 between methanol and alcohol; NLT 3.0 between ethylene glycol
and propylene glycol
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the relative response ratio for the alcohol peak with respect to the methanol
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peak and for the propylene glycol peak with respect to the ethylene glycol peak.
Calculate the alcohol content, as a percentage, in the portion of Injection taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of alcohol to methanol from the Sample solution
R=
S peak response ratio of the alcohol to methanol from the Standard solution
C=
S concentration of alcohol in the Standard solution,(mL/mL)
C=
U nominal concentration of the Sample solution,(mL/mL)
Calculate the propylene glycol content, as a percentage, in the portion of Injection
taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of the propylene glycol to ethylene glycol from the Sample
solution
R=
S peak response ratio of propylene glycol to ethylene glycol from the Standard solution
C=
S concentration of propylene glycol in Standard solution,(mL/mL)
C=
U nominal concentration of the Sample solution (mL/mL)
Internal standard solution: 0.08 mL/mL of methanol and 0.2 mL/mL of ethylene glycol
in water
Standard stock solution: 0.05 mL/mL of USP Dehydrated Alcohol RS and 0.2 mL/mL of
USP Propylene Glycol RS in water
Standard solution: 0.005 mL/mL of USP Dehydrated Alcohol RS, 0.008mL/mL of
methanol, 0.02 mL/mL of USP Propylene Glycol RS, and 0.02 mL/mL of ethylene glycol in
water prepared by diluting suitable volumes of the Internal standard solution and
Standard stock solution
Sample solution: Pipet 5 mL of Injection and 10 mL of the Internal standard solution
into a 100-mL volumetric flask, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m × 0.53-mm (ID) capillary column with a 1-µm coating of G16 phase
Temperatures
Injection port: 240
Detector: 250
Column: See Table 1.
Table 1
Initial
Temperature
Temperature
Ramp
( )
( /min)
50
0
50
15
Carrier gas: Hydrogen or helium

Final
Temperature
( )
50
230

Hold Time
at Final
Temperature
(min)
4
5
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Flow rate: 5 mL/min
Injection volume: 0.2 µL
Injection type: Split ratio, 10:1
System suitability
Sample: Standard solution
[Note—See Table 2 for the relative retention times. ]
Suitability requirements
Resolution: NLT 5.0 between methanol and alcohol; NLT 5.0 between propylene
glycol and ethylene glycol
Relative standard deviation: NMT 2.0% for each of the response ratios of alcohol
to methanol and propylene glycol to ethylene glycol
Analysis
Samples: Standard solution and Sample solution
Calculate the alcohol content, as a percentage, in the portion of Injection taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of alcohol to methanol from the Sample solution
RS= peak response ratio of alcohol to methanol from the Standard solution
C=
S concentration of alcohol in the Standard solution (mL/mL)
C=
U nominal concentration of the Injection in the Sample solution (mL/mL)
Calculate the propylene glycol content, as a percentage, in the portion of Injection
taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of propylene glycol to ethylene glycol from the Sample solution
R=
S peak response ratio of propylene glycol to ethylene glycol from the Standard solution
C=
S concentration of propylene glycol in the Standard solution (mL/mL)
C=
U nominal concentration of the Injection in the Sample solution (mL/mL)
1S (USP36)

Acceptance criteria: See Table 2.

Name
Methanol
Alcohol
0.32 1S (USP36)
9.0%–11.0% Propylene glycol
0.98 1S (USP36)
37.0%–43.0%
Ethylene glycol
1.0 — 1S (USP36)

Table 2
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.27
— 1S (USP36)
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SPECIFIC TESTS
• Bacterial Endotoxins Test
sodium.
• pH

85 : It contains NMT 0.3 USP Endotoxin Unit/mg of phenytoin

791 : 10.0–12.3

• Particulate Matter in Injections
injections.

788 : It meets the requirements under small-volume

• Other Requirements: It meets the requirements under Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, at controlled room temperature.
Add the following:
• Labeling: The label states the following: "Do not use the Injection if it is hazy or contains
a precipitate." 1S (USP36)
Change to read:
• USP Reference Standards 11
USP Dehydrated Alcohol RS
USP Endotoxin RS
USP Phenytoin RS
USP Propylene Glycol RS

1S (USP36)

1S (USP36)

BRIEFING
Povidone, USP 35 page 4379. As part of the USP monograph modernization effort, it is
proposed to add Identification test A based on a spectroscopic Infrared Absorption
identification test.
(EXC: K. Moore.)
Correspondence Number—C113554

Comment deadline: July 31, 2012
Povidone
Portions of the monograph text that are national USP text, and are not part of the harmonized
text, are marked with symbols (

(C6 H9 NO)n

) to specify this fact.
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2-Pyrrolidinone, 1-ethenyl-, homopolymer;
1-Vinyl-2-pyrrolidinone polymer
[9003-39-8].
DEFINITION
Povidone is a synthetic polymer consisting essentially of linear 1-vinyl-2-pyrrolidinone groups,
the degree of polymerization of which results in polymers of various molecular weights. The
different types of Povidone are characterized by their viscosity in aqueous solution, relative to
that of water, expressed as a K-value (see Specific Tests, K-value). The K-value of Povidone
having a stated (nominal) K-value of 15 or less is NLT 85.0% and NMT 115.0% of the stated
values. The K-value of Povidone having a stated K-value or a stated K-value range with an
average of more than 15 is NLT 90.0% and NMT 108.0% of the stated value or of the average
of the stated range. It contains NLT 11.5% and NMT 12.8% of nitrogen (N: 14.01), calculated
on the anhydrous basis. It has a nominal K-value of NLT 10 and NMT 120. The nominal K-value
is shown on the label.
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K
Sample: Dry at 105

for 6 h.

1S (USP36)

Change to read:
• A.
B. 1S (USP36)
Sample solution: 20 mg/mL of Povidone
Analysis: To 10 mL of the Sample solution add 20 mL of 1 N hydrochloric acid and 5 mL of
potassium dichromate TS.
Acceptance criteria: An orange-yellow precipitate is formed.
Change to read:
• B.
C. 1S (USP36)
Solution A: Dissolve 75 mg of cobalt nitrate and 300 mg of ammonium thiocyanate in 2 mL
of water.
Sample solution: 20 mg/mL of Povidone
Analysis: Combine Solution A and 5 mL of the Sample solution, and render the resulting
solution acid by the addition of 3 N hydrochloric acid.
Acceptance criteria: A pale blue precipitate is formed.
Change to read:
• C.
D. 1S (USP36)
Sample solution: 5 mg/mL of Povidone
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Analysis: To 5 mL of the Sample solution add a few drops of iodine TS.
Acceptance criteria: A deep red color is produced.
Change to read:
• D.
E. 1S (USP36)
Sample solution: 50 mg/mL of Povidone in water
Acceptance criteria: The substance dissolves.
ASSAY
• Nitrogen Determination, Method II 461
Sample: 0.1 g of Povidone
Analysis: Proceed as directed, using the Sample. In the Procedure, omit the use of
hydrogen peroxide, and use 5 g of a powdered mixture of potassium sulfate, cupric
sulfate, and titanium dioxide (33:1:1) instead of potassium sulfate and cupric sulfate
(10:1). Heat until a clear, light-green solution is obtained. Heat for an additional 45 min,
and proceed as directed for the Procedure, beginning with “Cautiously add to the
digestion mixture 70 mL of water”.
Acceptance criteria: 11.5%–12.8% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Lead 251
Test preparation: 1.0 g in 25 mL of water
Acceptance criteria: NMT 10 ppm
• Limit of Aldehydes
Solution A: Transfer 8.3 g of potassium pyrophosphate to a 500-mL volumetric flask, and
dissolve in 400 mL of water. Adjust, if necessary, with 1 N hydrochloric acid to a pH of
9.0, and dilute with water to volume.
Solution B: Transfer a quantity of lyophilized aldehyde dehydrogenase equivalent to 70
units to a glass vial, and dissolve in 10.0 mL of water. [Note—This solution is stable for 8
h at 4 . ]
Solution C: Transfer 40 mg of nicotinamide adenine dinucleotide to a glass vial, and
dissolve in 10.0 mL of Solution A. [Note—This solution is stable for four weeks at 4 . ]
Standard solution: Add 2 mL of water to a glass weighing bottle, and weigh. Add 100 mg
(0.13 mL) of freshly distilled acetaldehyde, and weigh. Transfer this solution to a 100-mL
volumetric flask. Rinse the weighing bottle with several portions of water, transferring
each rinsing to the 100-mL volumetric flask. Dilute the solution in the 100-mL volumetric
flask with water to volume. Store at 4 for about 20 h. Pipet 1 mL of this solution into a
100-mL volumetric flask, and dilute with water to volume.
Sample solution: 20 mg/mL of Povidone in Solution A. Insert a stopper into the flask, heat
at 60 for 1 h, and cool to room temperature.
Blank: Water
Instrumental conditions

PF 38(3): May-Jun. 2012

358

(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 340 nm
Cell: 1 cm
Analysis
Samples: Standard solution, Sample solution, and Blank
Pipet 0.5 mL each of the Standard solution, Sample solution, and Blank into separate cells.
Add 2.5 mL of Solution A and 0.2 mL of Solution C to each cell. Cover the cells to exclude
oxygen. Mix by inversion, and allow to stand for 2–3 min at 22 ± 2 . Determine the
absorbances of the solutions using the Blank as the reference. Add 0.05 mL of Solution B
to each cell. Cover the cells to exclude oxygen. Mix by inversion, and allow to stand for 5
min at 22 ± 2 . Determine the absorbances of the solutions, using the Blank as the
reference.
Calculate the percentage of aldehydes, expressed as acetaldehyde, in the portion of
Povidone taken:
Result = 10 × (C/W) × {[(AU2

AU1)

(AB2

AB1)]/[(AS2

AS1)

(AB2

AB1)]}

C = concentration of acetaldehyde in the Standard solution (mg/mL)
W= weight of Povidone taken (g)
AU2
= absorbance of the solution from the Sample solution, after addition of Solution B
AU1
= absorbance of the solution from the Sample solution, before addition of Solution B
AB2= absorbance of the solution from the Blank, after addition of Solution B
AB1= absorbance of the solution from the Blank, before addition of Solution B
AS2= absorbance of the solution from the Standard solution, after addition of Solution B
AS1= absorbance of the solution from the Standard solution, before addition of Solution B
Acceptance criteria: NMT 0.05%
• Limit of Hydrazine
Standard solution: 9.38 µg/mL of salicylaldazine in toluene
Sample solution: Transfer 2.5 g to a 50-mL centrifuge tube, add 25 mL of water, and mix
to dissolve. Add 500 µL of a solution (1 in 20) of salicylaldehyde in methanol. Swirl, and
heat in a water bath at 60 for 15 min. Allow to cool, and add 2.0 mL of toluene. Insert a
stopper in the tube, shake vigorously for 2 min, and centrifuge. Use the clear upper
toluene layer in the centrifuge tube as the Sample solution.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of dimethylsilanized chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Methanol and water (2:1)
Analytical wavelength: UV 365 nm
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Allow the spots to dry, and develop the chromatogram
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with the Developing solvent system until the solvent front has moved three-fourths of the
length of the plate. Locate the spots on the plate by examination under UV light. Remove
the plate from the chamber, mark the solvent front, and allow the solvent to evaporate.
Acceptance criteria: Salicylaldazine appears as a fluorescent spot having an RF value of
0.3; and the fluorescence of any salicylaldazine spot from the Sample solution is not more
intense than that produced by the spot from the Standard solution (NMT 1 ppm of
hydrazine).
• Vinylpyrrolidinone
Mobile phase: Methanol and water (1:4)
System suitability solution: Transfer 10 mg of vinylpyrrolidinone and 500 mg of vinyl
acetate to a 100-mL volumetric flask, and dissolve in and dilute with methanol to volume.
Transfer 1.0 mL of this solution to a 100-mL volumetric flask, and dilute with Mobile phase
to volume.
Standard stock solution: 5 µg/mL of vinylpyrrolidinone in methanol
Standard solution: 0.25 µg/mL from vinylpyrrolidinone Standard stock solution in Mobile
phase
Sample solution: 25 mg/mL of Povidone in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Columns
Guard: 4.0-mm × 2.5-cm; packing L1
Analytical: 4.0-mm × 25-cm; 5-µm packing L1
[Note—The analysis can also be performed with a 4.0- × 30-mm or a 4.6- × 30-mm
guard column containing packing L7 and with a 4.6- × 25-cm analytical column
containing 5-µm packing L7. ]
Column temperature: 40
[Note—Adjust the flow rate so that the retention time of vinylpyrrolidinone is about 10
min. ]
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between vinylpyrrolidinone and vinyl acetate, System suitability
solution
Relative standard deviation: NMT 2.0% of vinylpyrrolidinone for six injections,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the responses for the vinylpyrrolidinone peak.
[Note—If necessary, after each injection of the Sample solution wash the polymeric
material of Povidone from the guard column by passing the Mobile phase through the
column backwards for 30 min at the same flow rate. ]
Calculate the percentage of vinylpyrrolidinone in the sample taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of vinylpyrrolidinone from the Sample solution
rS= peak response of vinylpyrrolidinone from the Standard solution
C=
S concentration of vinylpyrrolidinone in the Standard solution (mg/mL)
C=
U concentration of Povidone in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.001%
• 2-Pyrrolidone
Mobile phase: Water adjusted with phosphoric acid to a pH of 2.4
Standard solution: 30 µg/mL of 2-pyrrolidinone in water
Sample solution: 5 mg/mL of Povidone in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Columns
Guard: 4.0-mm × 2.5-cm; packing L1
Analytical: 4.0-mm × 25-cm; 5-µm packing L1
Column temperature: 30
[Note—Adjust the flow rate so that the retention time of 2-pyrrolidinone is about 11 min. ]
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% of 2-pyrrolidinone for six injections, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the responses for the 2-pyrrolidinone peak.
[Note—After each injection of the Sample solution wash the polymeric material of
Povidone from the guard column by passing the Mobile phase through the column
backwards for 30 min at the same flow rate. ]
Calculate the percentage of 2-pyrrolidinone in the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 2-pyrrolidinone from the Sample solution
rS= peak response of 2-pyrrolidinone from the Standard solution
C=
S concentration of 2-pyrrolidinone in the Standard solution (mg/mL)
C=
U concentration of Povidone in the Sample solution (mg/mL), calculated on the anhydrous
basis
Acceptance criteria: NMT 3.0%
• Peroxides
Sample solution: 40 mg/mL of Povidone in water, calculated on the anhydrous basis
Blank: To 25 mL of the Sample solution add 2 mL of 13% sulfuric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis

851 .)
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Analytical wavelength: 405 nm
Cell: 1 cm
Analysis
Sample: Sample solution
To 25 mL of the Sample solution add 2 mL of titanium trichloride–sulfuric acid TS, and
allow to stand for 30 min. Measure the absorbance of a portion of this solution against
the Blank.
Acceptance criteria: NMT 0.35, corresponding to NMT 400 ppm, expressed as H2 O2
• Formic Acid
Mobile phase: Diluted perchloric acid (5 in 1000)
Standard solution: 10 µg/mL of formic acid in water
Sample stock solution: 20 mg/mL of Povidone in water
Sample solution: Transfer a suspension of strongly acidic ion exchange resin (use the
hydrogen form of ion-exchange resin) in water to a column of about 0.8 cm in inside
diameter to give a packing depth of about 20 mm in length, and keep the strongly acidic
ion-exchange resin layer constantly immersed in water. Pour 5 mL of water, and adjust
the flow rate so that water drops at a rate of about 20 drops/min. When the level of the
water is near the top of the strongly acidic ion-exchange resin layer, add 100 mL of the
Sample stock solution into the column. After dropping 2 mL of the solution, collect 1.5 mL
of the solution, and use this as the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4- to 8-mm × 25- to 30-cm; 5- to 10-µm packing L17
Column temperature: 30
[Note—Adjust the flow rate so that the retention time of formic acid is about 11 min. ]
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0% of formic acid for six injections, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the responses for the formic acid peak.
Calculate the percentage of formic acid in the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of formic acid from the Sample solution
rS= peak response of formic acid from the Standard solution
C=
S concentration of formic acid in the Standard solution (mg/mL)
C=
U concentration of Povidone in the Sample solution (mg/mL), calculated on the anhydrous
basis
Acceptance criteria: NMT 0.5%
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SPECIFIC TESTS
• pH 791
Sample solution: 50 mg/mL in water
Acceptance criteria: 3.0–5.0 for Povidone having a nominal K-value of 30 or less; 4.0–7.0
for Povidone having a nominal K-value greater than 30
• Water Determination, Method I 921 : NMT 5.0%
• K-value
Sample solution: Weigh a quantity of undried Povidone equivalent, on the anhydrous
basis, to the amount specified in Table 1.
Table 1
Nominal K-value
18
>18 to 95
>95

Quantity
(g)
5.00
1.00
0.10

Dissolve it in 50 mL of water in a 100-mL volumetric flask, and dilute to volume. Allow to
stand for 1 h.
Analysis
Sample: Sample solution
Determine the viscosity of the Sample solution, using a capillary-tube viscosimeter (see
Viscosity

911 ), at 25 ± 0.2 . Calculate the K-value of Povidone:

c= weight, on the anhydrous basis, of the specimen tested in each 100.0 mL of solution (g)
z= viscosity of the Sample solution relative to that of water
Acceptance criteria
K-value of Povidone having a stated (nominal) K-value of NMT 15: 85.0%–115.0% of
the stated values
K-value of Povidone having a stated K-value or a stated K-value range with an
average of more than 15: 90.0%–108.0% of the stated value or of the average of the
stated range
ADDITIONAL REQUIREMENTS
•

Packaging and Storage: Preserve in tight containers.

•

Labeling: Label it to state, as part of the official title, the K-value or K-value range of
Povidone.

Add the following:
•

USP Reference Standards
USP Povidone RS

1S (USP36)

11
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BRIEFING
Prilocaine Hydrochloride, USP 35 page 4410. As part of the USP monograph modernization
effort, the following revisions are proposed.
1.
Add a test for Organic Impurities based on the related substances procedure from the
7th edition of the European Pharmacopoeia. The procedure uses the Zorbax Eclipse
XDB-C18 or Waters Xbridge C18 brand of L1 column, from which prilocaine elutes at
about 25 min. This procedure uses USP Prilocaine Related Compound A RS and USP
Prilocaine Related Compound B RS, which have been added to the USP Reference
Standards 11 section.
2.
The wet chemistry Identification test B is deleted. The remaining Identification tests are
sufficient to confirm the identity of the drug substance.
3.
Delete the nonspecific test for Melting Range or Temperature. This test is no longer
necessary because a specific HPLC-based test for Organic Impurities is added.
4.
Add storage conditions to the Packaging and Storage section.
(SM4: M. Waddell.)
Correspondence Number—C108303

Comment deadline: July 31, 2012
Prilocaine Hydrochloride

C13 H20 N2 O·HCl

256.77

Propanamide, N-(2-methylphenyl)-2-(propylamino)-, monohydrochloride;
2-(Propylamino)-o-propionotoluidide monohydrochloride
[1786-81-8].
DEFINITION
Prilocaine Hydrochloride contains NLT 99.0% and NMT 101.0% of prilocaine hydrochloride
(C13 H20 N2 O·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B.
Analysis: Dissolve 300 mg in 5 mL of water, add 4 mL of 6 N ammonium hydroxide, and
extract with 50 mL of chloroform. Filter the extract, and evaporate the filtrate on a steam
bath with the aid of a current of air. Dissolve 100 mg of the prilocaine so obtained in 1 mL
of alcohol, add 10 drops of cobaltous chloride TS, and shake for 2 min.
Acceptance criteria: A bright green color develops, and a precipitate is formed. 1S (USP36)
Change to read:
• C.
B. 1S (USP36)
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Identification Tests—General, Chloride 191
Analysis: Dissolve 100 mg in 3 mL of water, render the solution alkaline with 6 N ammonium
hydroxide, and filter.
Acceptance criteria: The filtrate meets the requirements.
ASSAY
• Procedure
Sample solution: 500 mg of Prilocaine Hydrochloride in 50 mL of glacial acetic acid and 10
mL of mercuric acetate TS
Analysis: Titrate with 0.1 N perchloric acid VS to a blue-green endpoint, using 2 drops of
crystal violet TS as the indicator. Perform a blank determination (see Titrimetry 541 ).
Each mL of 0.1 N perchloric acid is equivalent to 25.68 mg of prilocaine hydrochloride
(C13 H20 N2 O·HCl).
Acceptance criteria: 99.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method I

231 : 20 ppm

Add the following:
• Organic Impurities
Buffer: 0.18 g/L of monobasic sodium phosphate and 2.89 g/L of dibasic sodium phosphate
dihydrate in water
Mobile phase: Acetonitrile and Buffer (26:74)
System suitability solution: 3 µg/mL each of USP Prilocaine Hydrochloride RS and USP
Prilocaine Related Compound B RS in Mobile phase
Standard solution 1: 3 µg/mL of USP Prilocaine Hydrochloride RS in Mobile phase
Standard solution 2: 0.4 µg/mL of USP Prilocaine Related Compound A RS in Mobile phase
Sample solution: 3 mg/mL of Prilocaine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution 2
[Note—The relative retention times for prilocaine related compound A, prilocaine, and
prilocaine related compound B are about 0.3, 1.0, and 1.2, respectively. ]
Suitability requirements
Resolution: NLT 3.0 between prilocaine and prilocaine related compound B, System
suitability solution
Signal-to-noise ratio: NLT 10 for prilocaine related compound A, Standard solution 2
Analysis
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Samples: Standard solution 1, Standard solution 2, and Sample solution
Calculate the percentage of prilocaine related compound A in the portion of Prilocaine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of prilocaine related compound A from the Sample solution
rS= peak response of prilocaine related compound A from Standard solution 2
C=
S concentration of USP Prilocaine Related Compound A RS in the Standard solution
(mg/mL)
C=
U concentration of Prilocaine Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Prilocaine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of prilocaine from Standard solution 1
C=
S concentration of USP Prilocaine Hydrochloride RS in Standard solution 1 (mg/mL)
C=
U concentration of Prilocaine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria
Prilocaine related compound A: NMT 0.01%
Any individual unspecified impurity: NMT 0.10%
Total impurities: NMT 0.2%
Reporting level for impurities: 0.05%
1S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I

741 : 166 –169

• Loss on Drying 731
Analysis: Dry a sample at 105 for 4 h.
Acceptance criteria: NMT 0.3%
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers.
Store at room temperature. 1S (USP36)
Change to read:
• USP Reference Standards 11
USP Prilocaine Hydrochloride RS
USP Prilocaine Related Compound A RS
o-Toluidine hydrochloride.

1S (USP36)
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C7 H9 N·HCl
143.62
USP Prilocaine Related Compound B RS
(RS)-N-(4-Methylphenyl)-2-(propylamino)propanamide.
C13 H20 N2 O
220.31 1S (USP36)
BRIEFING
Quinine Sulfate Capsules, USP 35 page 4509. On the basis of comments received, it is
proposed to add the Flow rate in the Assay. The typical retention time for quinine is about
18 min.
(SM1: L. Santos.)
Correspondence Number—C111153

Comment deadline: July 31, 2012
Quinine Sulfate Capsules
DEFINITION
Quinine Sulfate Capsules contain amounts of quinine sulfate and dihydroquinine sulfate totaling
NLT 90.0% and NMT 110.0% of the labeled amount of quinine sulfate, calculated as
(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O.
IDENTIFICATION
• A.
Sample: Nominally 100 mg of quinine sulfate from the contents of Capsules
Analysis: Shake the Sample with 100 mL of dilute sulfuric acid (1 in 350), and filter.
Acceptance criteria: An appropriate dilution of the filtrate exhibits a vivid blue
fluorescence. On the addition of a few drops of hydrochloric acid, the fluorescence
disappears.
• B. The RF value of the principal spot from the Sample solution corresponds to that from the
Standard solution, as obtained in the test for Organic Impurities.
• C. Identification Tests—General, Sulfate 191
Sample: Nominally 20 mg of quinine sulfate from the contents of Capsules
Analysis: Shake the Sample with 10 mL of dilute hydrochloric acid (1 in 100) and filter.
Acceptance criteria: The filtrate meets the requirements.
• D. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Add 35.0 mL of methanesulfonic acid to 20.0 mL of glacial acetic acid, and
dilute with water to 500 mL.
Solution B: Dissolve 10.0 mL of diethylamine in water to obtain 100 mL of solution.
Mobile phase: Acetonitrile, Solution A, Solution B, and water (100:20:20:860). Adjust with
Solution B to a pH of 2.6 if the pH is found to be lower.
System suitability solution: 0.2 mg/mL each of USP Quinine Sulfate RS and
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dihydroquinine, dissolved in 10% of the final volume of methanol. Dilute with Mobile phase
to volume.
Standard solution: 0.2 mg/mL of USP Quinine Sulfate RS in Mobile phase
Sample stock solution: Nominally 1.6 mg/mL of quinine sulfate in methanol prepared as
follows. Transfer an amount equivalent to 160 mg of quinine sulfate from the contents of
NLT 20 Capsules to a 100-mL volumetric flask, add 80 mL of methanol, and shake the flask
by mechanical means for 30 min. Dilute with methanol to volume, and filter, discarding the
first 10 mL of the filtrate.
Sample solution: Nominally 0.2 mg/mL of quinine sulfate in Mobile phase from the Sample
stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min 1S (USP36)
Injection volume: 50 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for quinine and dihydroquinine are 1 and 1.5,
respectively. ]
Suitability requirements
Resolution: NLT 1.2 between quinine and dihydroquinine
Relative standard deviation: NMT 2.0% for the quinine peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O] calculated as the sum of quinine sulfate and dihydroquinine
sulfate in the portion of Capsules taken:
Result = [(rb,U + rd,U)/(rb,S + rd,S)] × (CS/CU) × 100
rb,U
= peak area response of quinine from the Sample solution
rd,U
= peak area response of dihydroquinine from the Sample solution
rb,S= peak area response of quinine from the Standard solution
rd,S= peak area response of dihydroquinine from the Standard solution
CS= concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of quinine sulfate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Detection: UV maximum at about 248 nm
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Standard solution: Prepare a solution of known concentration of USP Quinine Sulfate RS in
Medium.
Sample solution: A filtered portion of the solution under test, suitably diluted with Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O] dissolved.
Tolerances: NLT 75% (Q) of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O] is dissolved.
• Uniformity of Dosage Units 905
Procedure for content uniformity
Diluent: Hydrochloric acid (1 in 100)
Standard solution: 40 µg/mL of USP Quinine Sulfate RS in Diluent
Sample solution: Transfer the contents of one Capsule to a 250-mL volumetric flask,
add 175 mL of Diluent, and shake by mechanical means for 30 min. Add Diluent to
volume. Filter a portion of the mixture, discarding the first 20 mL of the filtrate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1 cm
Analytical wavelength: Maximum at about 345 nm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O], in the Capsule taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
C=
U nominal concentration of quinine sulfate in the Sample solution (mg/mL)
Acceptance criteria: Meet the requirements
IMPURITIES
• Organic Impurities
Standard stock solution: 6 mg/mL of USP Quinine Sulfate RS in diluted alcohol
Standard solution A: 0.06 mg/mL of USP Quinine Sulfate RS from the Standard stock
solution in diluted alcohol
Standard solution B: 0.05 mg/mL of USP Quininone RS (corresponding to 0.06 mg/mL of
the sulfate) and 0.10 mg/mL of cinchonidine (corresponding to 0.12 mg/mL of the sulfate)
in diluted alcohol
Sample solution: Nominally 6 mg/mL of quinine sulfate in diluted alcohol prepared as
follows. Shake the equivalent of 150 mg of quinine sulfate from the contents of Capsules
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with 25 mL of diluted alcohol for 10 min, and filter.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, acetone, and diethylamine (50:40:10). [Note
—The solvent chamber being used without previous equilibration. ]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in Chromatography 621 , Thin-Layer Chromatography. Allow the
spots to dry, and develop the chromatogram using a solvent chamber without previous
equilibration. When the solvent front has moved about 15 cm, remove the plate from the
chamber, mark the solvent front, and allow the solvent to evaporate. Locate the spots
on the plate by spraying with glacial acetic acid, and examine under long-wavelength UV
light.
Acceptance criteria: Any spot produced by the Sample solution at the RF value of a spot
produced by Standard solution B is not greater in size or intensity than that corresponding
spot. Apart from these spots and from the spot appearing at the RF value of quinine
sulfate, any additional fluorescent spot is not greater in size or intensity than the spot
from Standard solution A. Spray the plate with potassium iodoplatinate TS. Any spot
produced by the Sample solution is not greater in size or intensity than a corresponding
spot from Standard solution B.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Quinine Sulfate RS
USP Quininone RS
Cinchonan-9-one, 6¢-methoxy-, (8alpha)-.
C20 H22 N2 O2
322.40

1S (USP36)

BRIEFING
Quinine Sulfate Tablets, USP 35 page 4510. On the basis of comments received, it is proposed
to add the Flow rate in the Assay. The typical retention time for quinine is about 18 min.
(SM1: L. Santos.)
Correspondence Number—C111142

Comment deadline: July 31, 2012
Quinine Sulfate Tablets
DEFINITION
Quinine Sulfate Tablets contain amounts of quinine sulfate and dihydroquinine sulfate totaling
NLT 90.0% and NMT 110.0% of the labeled amount of quinine sulfate, calculated as

PF 38(3): May-Jun. 2012

370

(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O.
IDENTIFICATION
• A.
Sample: Nominally 100 mg of quinine sulfate from powdered Tablets
Analysis: Shake the Sample well with 100 mL of dilute sulfuric acid (1 in 350), and filter.
Acceptance criteria: An appropriate dilution of the filtrate exhibits a vivid blue
fluorescence. On the addition of a few drops of hydrochloric acid, the fluorescence
disappears.
• B. The RF value of the principal spot from the Sample solution corresponds to that from the
Standard solution, as obtained in the test for Organic Impurities.
• C. Identification Tests—General, Sulfate 191
Sample: Nominally 20 mg of quinine sulfate from powdered Tablets
Analysis: Shake Sample with 10 mL of dilute hydrochloric acid (1 in 100), and filter
Acceptance criteria: The filtrate meets the requirements.
• D. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Add 35.0 mL of methanesulfonic acid to 20.0 mL of glacial acetic acid, and
dilute with water to 500 mL.
Solution B: Dissolve 10.0 mL of diethylamine in water to obtain 100 mL of solution.
Mobile phase: Acetonitrile, Solution B, Solution A, and water (10:2:2:86). Adjust with
Solution B to a pH of 2.6 if the pH is found to be lower.
System suitability solution: 0.2 mg/mL each of USP Quinine Sulfate RS and
dihydroquinine, dissolved in 10% of the final volume of methanol. Dilute with Mobile phase
to volume.
Standard solution: 0.2 mg/mL of USP Quinine Sulfate RS in Mobile phase
Sample stock solution: Nominally 1.6 mg/mL of quinine sulfate prepared as follows.
Transfer an equivalent to 160 mg of quinine sulfate from NLT 20 powdered Tablets to a
100-mL volumetric flask, add 80 mL of methanol, and shake by mechanical means for 30
min. Dilute with methanol to volume, and filter, discarding the first 10 mL of the filtrate.
Sample solution: Nominally 0.2 mg/mL of quinine sulfate in Mobile phase from the Sample
stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min 1S (USP36)
Injection volume: 50 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for quinine and dihydroquinine are 1 and 1.5,
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respectively. ]
Suitability requirements
Resolution: NLT 1.2 between quinine and dihydroquinine
Relative standard deviation: NMT 2.0% for the quinine peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quinine sulfate and dihydroquinone
sulfate in the portion of Tablets taken:
Result = [(rB,U + rD,U)/(rB,S + rD,S)] × (CS/CU) × 100
rB,U= peak area response of quinine from the Sample solution
rD,U
= peak area response of dihydroquinine from the Sample solution
rB,S= peak area response of quinine from the Standard solution
rD,S= peak area response of dihydroquinine from the Standard solution
CS= concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of quinine sulfate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Detection: UV maximum at about 248 nm
Standard solution: Prepare a solution of known concentration of USP Quinine Sulfate RS in
Medium.
Sample solution: A filtered portion of the solution under test, suitably diluted with Medium
Analysis: Determine the percentage of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·H2 O] dissolved.
Tolerances: NLT 75% (Q) of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O] is dissolved.
• Uniformity of Dosage Units 905
Procedure for content uniformity
Diluent: Hydrochloric acid (1 in 100)
Standard solution: 40 µg/mL of USP Quinine Sulfate RS in Diluent
Sample solution: Transfer the contents of one powdered Tablet to a 250-mL volumetric
flask, add 175 mL of Diluent, and shake by mechanical means for 30 min. Add Diluent to
volume. Filter a portion of the mixture, discarding the first 20 mL of the filtrate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1 cm
Analytical wavelength: Maximum at about 345 nm
Blank: Water
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of quinine sulfate
[(C20 H24 N2 O2 )2 ·H2 SO4 ·2H2 O], in the Tablet taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Quinine Sulfate RS in the Standard solution (mg/mL)
C=
U nominal concentration of quinine sulfate in the Sample solution (mg/mL)
Acceptance criteria: Meet the requirements
IMPURITIES
• Organic Impurities
Standard stock solution: 6 mg/mL of USP Quinine Sulfate RS in diluted alcohol
Standard solution A: 0.06 mg/mL of USP Quinine Sulfate RS from Standard stock solution
in diluted alcohol
Standard solution B: 0.05 mg/mL of USP Quininone RS (corresponding to 0.06 mg/mL of
the sulfate), and 0.10 mg/mL of cinchonidine (corresponding to 0.12 mg/mL of the sulfate)
in diluted alcohol
Sample solution: Nominally 6 mg/mL of quinine sulfate prepared as follows. Shake the
equivalent of 150 mg of quinine sulfate from powdered Tablets with 25 mL of diluted
alcohol for 10 min, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, acetone, and diethylamine (50:40:10). [Note
—The solvent chamber being used without previous equilibration. ]
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed for Chromatography 621 , Thin-Layer Chromatography. Allow
the spots to dry, and develop the chromatogram in a solvent system until the solvent
front has moved 15 cm. Remove the plate from the developing chamber, mark the
solvent front, and allow the solvent to evaporate. Locate the spots on the plate by
spraying with glacial acetic acid, and examine under long-wavelength UV light.
Acceptance criteria: Any spot produced by the Sample solution at the RF value of a spot
produced by Standard solution B is not greater in size or intensity than that corresponding
spot. Apart from these spots and from the spot appearing at the RF value of quinine, any
additional fluorescent spot is not greater in size or intensity than the spot from Standard
solution A. Spray the plate with potassium iodoplatinate TS. Any spot produced by the
Sample solution is not greater in size or intensity than a corresponding spot from Standard
solution B.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
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• USP Reference Standards 11
USP Quinine Sulfate RS
USP Quininone RS
Cinchonan-9-one, 6¢-methoxy-, (8alpha)-.
C20 H22 N2 O2
322.40

1S (USP36)

BRIEFING
Ribavirin Capsules, page 576 of PF 35(3) [May–June 2009]. This proposed new monograph is
being resubmitted with changes. Because of variation in manufactured product, it is
proposed to add a liquid chromatographic procedure in the test for Dissolution. The liquid
chromatography in Procedure 1 of the Dissolution test is based on the analysis performed
with the 7.8-mm × 30-cm Aminex HPX-87H brand of L17column. The retention time for
ribavirin is about 6.6 min. The liquid chromatography in Procedure 2 of the Dissolution test is
based on analysis performed with the 7.8-mm × 10-cm Bio-Rad Aminex HPX Fast Acid brand
of L17 column. The typical retention time for the ribavirin peak is about 3.9 min. The liquid
chromatographic procedure in the test for Organic Impurities and in the Assay is based on
analysis performed with the Waters IC-PAK brand of column containing 7-µm packing L17.
The typical retention time for the ribavirin peak is about 5.1 min.
(SM1: L. Santos.)
Correspondence Number—C109663

Comment deadline: July 31, 2012
Add the following:
Ribavirin Capsules
DEFINITION
Ribavirin Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of ribavirin
(C8 H12 N4 O5 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Water. Adjust with sulfuric acid to a pH of 2.5.
Standard solution: 0.025 mg/mL of USP Ribavirin RS in Mobile phase
Sample stock solution: Transfer an equivalent to 50 mg of ribavirin, from contents of
Capsules (NLT 20), to a 100-mL volumetric flask. Add about 50 mL of Mobile phase, and
sonicate with occasional shaking for about 20 min. Cool to room temperature, and dilute
with Mobile phase to volume.
Sample solution: Nominally 0.025 mg/mL of ribavirin in Mobile phase from Sample stock
solution. Pass the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 207 nm
Column: 7.8-mm × 15-cm; 7-µm packing L17
Column temperature: 65
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.7–1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ribavirin (C8 H12 N4 O5 ) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ribavirin RS in the Standard solution (mg/mL)
C=
U nominal concentration of ribavirin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Determine the percentage of the labeled amount of ribavirin (C8 H12 N4 O5 ) dissolved by
using one of the following procedures.
Procedure 1
Mobile phase: Proceed as directed in the Assay.
Standard solution: 22.5 µg/mL of USP Ribavirin RS in Medium
Sample solution: Pass the solution through a suitable filter of 0.45-µm pore size.
Transfer 5.0 mL of the filtrate to a 50.0-mL volumetric flask, and dilute with Medium to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 207 nm
Column: 7.8-mm × 30-cm; 7-µm packing L17
Column temperature: 65
Flow rate: 1.5 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ribavirin (C8 H12 N4 O5 ) dissolved:
Result = (rU/rS) × (CS/L) × V × D × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Capsule)
V= volume of Medium, 900 mL
D= dilution factor of the solution under test
Procedure 2
Sulfuric acid solution: 3% sulfuric acid
Mobile phase: Water. Adjust with Sulfuric acid solution to a pH of 2.5.
Standard solution: 0.02 mg/mL of USP Ribavirin RS in Medium
Sample solution: Pass the solution through a suitable filter of 0.8-µm pore size. Transfer
5.0 mL of the filtrate to a 50.0-mL volumetric flask, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 207 nm
Column: 7.8-mm × 10-cm; 9-µm packing L17
Column temperature: 40 ± 2
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ribavirin (C8 H12 N4 O5 ) dissolved:
Result = (rU/rS) × (CS/L) × V × D × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Capsule)
V= volume of Medium, 900 mL

PF 38(3): May-Jun. 2012

376

D= dilution factor of the solution under test
Tolerances: NLT 80% (Q) of the labeled amount of ribavirin (C8 H12 N4 O5 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Mobile phase, Standard solution, and Chromatographic system: Proceed as directed in
the Assay.
Sample solution: Nominally 0.5 mg/mL in Mobile phase prepared as follows. Transfer an
amount equivalent to 50 mg of ribavirin, from contents of Capsules (NLT 20), to a 100-mL
volumetric flask. Add about 50 mL of Mobile phase, and sonicate with occasional shaking
for about 20 min. Cool to room temperature, dilute with Mobile phase to volume, and mix.
Pass the solution through a suitable filter of 0.45-µm pore size.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ribose triazolole carboxylic acid and any other unknown
impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of ribose triazolole carboxylic acid or any other unknown impurity from
the Sample solution
rS= peak response of ribavirin from the Standard solution
C=
S concentration of USP Ribavirin RS in the Standard solution (mg/mL)
C=
U nominal concentration of ribavirin in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name
Ribose triazolole carboxylic acida
Ribavirin
Any individual unknown impurity
Total impurities

Table 1
Relative
Retention
Time
0.7
1.0
—
—

Relative
Acceptance
Response
Criteria
Factor (F)
(%)
0.7
—
1.0
—

0.25
—
0.10
1.0

a 1- -d-Ribofuranosyl-1H-1,2,4-triazole-3-carboxylic acid.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store between 15 and 30
.
• USP Reference Standards
USP Ribavirin RS

11

1S (USP36)

BRIEFING
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Thioridazine Hydrochloride Tablets, USP 35 page 4849. On the basis of comments received,
the following revisions are proposed:
1.
Modernize the monograph by replacing the test for Identification—Organic Nitrogenous
Bases 181 with the HPLC retention time agreement test of the major peak in the
Assay.
2.
Include the relative retention times for the mesoridazine and thioridazine peaks in the
Assay.
3.
Replace the use of mesoridazine besylate with USP Mesoridazine Besylate RS in the
preparation of the System suitability solution in the Assay. Consequently, USP
Mesoridazine Besylate RS is added to the USP Reference Standards 11
4.
Make minor editorial changes to be consistent with USP monograph style.

section.

(SM4: H. Ramanathan.)
Correspondence Number—C96674

Comment deadline: July 31, 2012
Thioridazine Hydrochloride Tablets
DEFINITION
Thioridazine Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of thioridazine hydrochloride (C21 H26 N2 S2 ·HCl).
Throughout the following procedures, protect samples, the Reference Standard, and the
solutions containing them by conducting the procedures without delay, under subdued light, or
by using low-actinic glassware.
IDENTIFICATION
Change to read:
• A. Identification—Organic Nitrogenous Bases 181 : Meets the requirements
Sample solution: Use 2 mL of sodium bicarbonate solution (1 in 12) in place of 2 mL of 1
N sodium hydroxide specified in the test.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)

ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, water, and triethylamine (850:150:1)
System suitability solution: 0.1 mg/mL of mesoridazine besylate
USP Mesoridazine Besylate RS 1S (USP36)
and 0.11 mg/mL of USP Thioridazine Hydrochloride RS in methanol
Standard solution: 125 µg/mL of USP Thioridazine Hydrochloride RS in methanol.
Sonication may be used to aid dissolution.
Sample stock solution: Nominally 1.0 mg/mL prepared as follows. Weigh and finely powder
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NLT 20 Tablets. Transfer a weighed portion of the powder, equivalent to 100 mg of
thioridazine hydrochloride, to a 100-mL volumetric flask. Add 80 mL of methanol, and
shake by mechanical means for 30 min. Dilute with methanol to volume, and sonicate for
45 min with intermittent shaking. Allow the undissolved solids to settle, and filter,
discarding the first 20 mL of the filtrate.
Sample solution: 125 µg/mL in methanol from a portion of filtrate from the Sample stock
solution. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for mesoridazine and thioridazine are 0.44 and 1.0,
respectively. ] 1S (USP36)
Suitability requirements
Resolution: NLT 1.0 between mesoridazine and thioridazine, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of thioridazine hydrochloride
(C21 H26 N2 S2 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of thioridazine from the Sample solution
rS= peak response of thioridazine from the Standard solution
C=
S concentration of USP Thioridazine Hydrochloride RS in the Standard solution (µg/mL)
C=
U nominal concentration of thioridazine hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.01 N hydrochloric acid; 1000 mL
Apparatus 2: 75 rpm
Time: 60 min
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium, if necessary, to a concentration similar to that of the Standard solution.
Standard solution: USP Thioridazine Hydrochloride RS in Medium at a known concentration
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: UV
Analytical wavelength: 262 nm
Blank: Medium
Tolerances: NLT 75% (Q) of the labeled amount of thioridazine hydrochloride
(C21 H26 N2 S2 ·HCl) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Mesoridazine Besylate RS

1S (USP36)

USP Thioridazine Hydrochloride RS
BRIEFING
Valproate Sodium Injection, USP 35 page 4991. It is proposed to modernize the monograph
with the following changes:
1.
Replace the packed-column gas chromatography Assay with a specific liquid
chromatography procedure. This procedure is based on analyses performed with the
Zorbax Eclipse XDB-C8 brand of L7 column. The typical retention time for valproic
acid is about 6.4 min.
2.
Revise the storage conditions to be consistent with USP style.
3.
Update Particulate Matter in Injections 788 to be consistent with the current
general chapter.
4.
Add a Labeling statement to indicate that it is intended for use by intravenous infusion
only.
5.
Include the use of USP Valproic Acid Related Compound B RS to support the proposed
Assay procedure.
6.
Additionally, the monograph is updated to be consistent with USP style.
(SM4: H. Ramanathan, H. Joyce.)
Correspondence Number—C96965

Comment deadline: July 31, 2012
Valproate Sodium Injection
DEFINITION
Valproate Sodium Injection is a sterile aqueous solution of sodium valproate, formed from the
interaction of Valproic Acid and Sodium Hydroxide, in Water for Injection, and one or more
suitable buffering or sequestering agents. It contains NLT 90.0% and NMT 110.0% of the
labeled amount of valproic acid (C8 H16 O2 ). It contains no antimicrobial agents.
IDENTIFICATION
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Change to read:
• A. The relative retention time of the major peak in the chromatogram of the Sample solution
corresponds to that in the chromatogram of the Standard solution, as obtained in the
Assay.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
• B. Identification Tests—General, Sodium

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Internal standard solution: 5 mg/mL of biphenyl in methylene chloride
Standard stock solution: 8 mg/mL of USP Valproic Acid RS in Internal standard solution
Standard solution: 0.8 mg/mL of USP Valproic Acid RS in methylene chloride from
Standard stock solution.
Sample solution: Transfer a volume of Injection, equivalent to 400 mg of valproic acid,
into a suitable container. Add 20 mL of 5% (v/v) hydrochloric acid. Shake by mechanical
means for 2 minutes. Add 50.0 mL of the Internal standard solution. Shake by mechnical
means for 1 hour. Allow the phase to separate (approximately 1 hour). The bottom
organic layer remains cloudy, and at times a slight emulsion may persist. If an emulsion
forms, break it up by stirring it with a glass rod. Pipet 5 mL of the extract from the
bottom organic layer into a 50-mL volumetric flask, and dilute with methylene chloride.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 2-mm × 1.8-m glass; packed with 10% phase G34 on 80- to 100-mesh support
S1A
Temperatures
Column: 155
Injection port: 275
Detector: 300
Carrier gas: Dry helium
Flow rate: 20 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between valproic acid and biphenyl
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valproic acid (C8 H16 O2 ) in the volume of
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the Injection taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of valproic acid to the internal standard from the Sample solution
RS= peak response ratio of valproic acid to the internal standard from the Standard solution
C=
S concentration of USP Valproic Acid RS in the Standard solution
C=
U nominal concentration of valproic acid in the Sample solution
Buffer: 3.5 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5.
Mobile phase: Acetonitrile and Buffer (45:55)
Diluent: Acetonitrile and water (45:55)
System suitability solution: 0.5 mg/mL of USP Valproic Acid RS and 50 µg/mL of USP
Valproic Acid Related Compound B RS in Diluent
Standard solution: 0.5 mg/mL of USP Valproic Acid RS in Diluent
Sample solution: Nominally 0.5 mg/mL of valproic acid in water from a suitable volume
of Injection
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitablity solution and Standard solution
[Note—The relative retention times for valproic acid related compound B and valproic
acid are 0.90 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between valproic acid related compound B and valproic acid,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valproic acid (C8 H16 O2 ) in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of valproic acid in the Sample solution (mg/mL)
1S (USP36)

Acceptance criteria: 90.0%–110.0%
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SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 23 USP Endotoxin Units/mL of Injection.

• Sterility Tests 71 : Meets the requirements when tested as directed for Test for Sterility
of the Product to Be Examined, Membrane Filtration.
Change to read:
• Particulate Matter in Injections
injections
parenterals 1S (USP36)
• pH

788 : Meets the requirements for small-volume

791 : 7.0–9.0

• Other Requirements: Meets the requirements in Injections

1

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose containers as described in Injections 1 ,
Containers for Injection, preferably of Type I glass. Store at controlled room temperature.,
excursions allowed between 15 and 30
1S (USP36)

Change to read:
• Labeling: It states the name and quantity of any buffering or sequestering agent used.
It states that it is intended for use by intravenous infusion only. 1S (USP36)
Change to read:
• USP Reference Standards 11
USP Endotoxin RS
USP Valproic Acid RS
USP Valproic Acid Related Compound B RS
(2RS)-2-(1-Methylethyl)pentanoic acid.
C8 H16 O2
144.21 1S (USP36)
BRIEFING
Valproic Acid, USP 35 page 4992. It is proposed to modernize the monograph with the following
changes:
1.
Replace the packed-column gas chromatography Assay with a specific liquid
chromatography procedure. This procedure is based on analyses performed with the
Luna C8(2) brand of L7 column manufactured by Phenomenex. The typical retention
time for valproic acid is 5.7 min.
2.
Replace the capillary gas chromatography test for Organic Impurities with the liquid
chromatography procedure proposed for the Assay.
3.
Propose a limit for any individual unspecified impurity based on ICH guidelines.
4.
Replace the use of USP Valproic Acid Related Compound A RS with the use of USP
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Valproic Acid Related Compound B RS to support the proposed Assay and Organic
Impurities procedures.
5.
Additionally, the monograph is updated to be consistent with USP style.
(SM4: H. Ramanathan, H. Joyce.)
Correspondence Number—C87952

Comment deadline: July 31, 2012
Valproic Acid

C8 H16 O2

144.21

Pentanoic acid, 2-propyl-;
Propylvaleric acid
[99-66-1].
DEFINITION
Valproic Acid contains NLT 98.0% and NMT 102.0% of valproic acid (C8 H16 O2 ), calculated on
the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197F
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Internal standard solution: 12 mg/mL of nonanoic acid in heptane
Standard stock solution: 10 mg/mL of USP Valproic Acid RS in heptane
Standard solution: 1 mg/mL of USP Valproic Acid RS from Standard stock solution and 1.2
mg/mL of nonanoic acid from Internal standard solution in heptane
Sample stock solution: 10 mg/mL of Valproic Acid in heptane
Sample solution: 1 mg/mL of Valproic Acid from Sample stock solution and 1.2 mg/mL of
nonanoic acid from Internal standard solution, in heptane
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
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Column: 2.0-mm × 1.8-m column packed with 10% phase G34 on 80- to 100-mesh
support S1A
Carrier gas: Helium
Temperature
Injection port: 275
Detector: 300
Column: 175
Flow rate: 35 mL/min
Injection volume: 3 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for valproic acid and nonanoic acid are 1.0 and 2.0,
respectively. ]
Suitability requirements
Resolution: NLT 7.0 between valproic acid and nonanoic acid
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of valproic acid (C8 H16 O2 ) in the portion of Valproic Acid taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of the valproic acid to the internal standard from the Sample
solution
R=
S peak response ratio of the valproic acid to the internal standard from the Standard
solution
C=
S concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
C=
U concentration of Valproic Acid in the Sample solution (mg/mL)
Buffer: 3.5 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5.
Mobile phase: Acetonitrile and Buffer (50:50)
System suitability solution: 50 µg/mL of USP Valproic Acid Related Compound B RS and
0.5 mg/mL of USP Valproic Acid RS in Mobile phase
Standard solution: 0.5 mg/mL of USP Valproic Acid RS in Mobile phase
Sample solution: 0.5 mg/mL of Valproic Acid in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between valproic acid related compound B and valproic acid,

PF 38(3): May-Jun. 2012

385

System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of valproic acid (C8 H16 O2 ) in the portion of Valproic Acid
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
C=
U concentration of Valproic Acid in the Sample solution (mg/mL)
1S (USP36)

Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
System suitability solution: 0.1 µL/mL of USP Valproic Acid Related Compound A RS and
1.0 µL/mL each of butyric acid and valeric acid, in Valproic Acid
Sample solution: Valproic Acid
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 60-m; coated with a 0.3-µm film of phase G25
Carrier gas: Helium
Flow rate: 150 mL/min
Injection volume: 0.5 µL
Injection type: Split flow ratio of 100:1
Temperature
Injection port: 240
Detector: 260
Column: See Table 1
Table 1
Initial
TemperatureFinal
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
(min)
( )
( /min)
( )
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145
0
145
48
145
5
190
—
System suitability
Sample: System suitability solution
[Note—The relative retention times for butyric acid, valeric acid, valproic acid, and
valproic acid related compound A are 0.38, 0.52, 1.0, and 1.64, respectively. ]
Suitability requirements
Resolution: NLT 23.0 between butyric acid and valeric acid
Column efficiency: NLT 100,000 theoretical plates for valeric acid
Tailing factor: NMT 1.5 for valeric acid
Retention time: The related compound A peak must elute between 41 and 50 min.
Peak area: The related compound A peak area must be NLT 0.01% relative to the
valproic acid peak area.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Valproic Acid (C8 H16 O2 ) taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity
r=
T sum of the responses for all the peaks
Acceptance criteria
Individual impurities: NMT 0.1%
Total impurities: NMT 0.3%
Buffer: 3.5 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5.
Mobile phase: Acetonitrile and Buffer (50:50)
System suitability solution: 50 µg/mL of USP Valproic Acid Related Compound B RS
and 0.5 mg/mL of USP Valproic Acid RS in Mobile phase
Standard solution: 0.5 µg/mL of USP Valproic Acid RS in Mobile phase
Sample solution: 0.5 mg/mL of Valproic Acid in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times. ]
Suitability requirements
Resolution: NLT 2.0 between valproic acid related compound B and valproic acid,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0% for valproic acid, System suitability
solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Valproic Acid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
C=
U concentration of Valproic Acid in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Butyric acid
Valeric acid
Valproic acid related compound Aa
Valproic acid related compound B
Valproic acid
Any individual unspecified impurity
Total impurities
a 2-Allyl-4-pentenoic acid.

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.38
0.1
0.46
0.1
0.67
0.1
0.90
0.1
1.0
0.1
—
0.10
—
0.3

1S (USP36)

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight glass, stainless steel, or polyethylene (HDPE)
containers.
Change to read:
• USP Reference Standards 11
USP Valproic Acid RS
USP Valproic Acid Related Compound A RS
Diallylacetic acid
C8 H12 O2
140.18
USP Valproic Acid Related Compound B RS
(2RS)-2-(1-Methylethyl)pentanoic acid.
C8 H16 O2
144.21 1S (USP36)
BRIEFING
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Valproic Acid Capsules, USP 35 page 4993. It is proposed to modernize the monograph with
the following changes:
1.
Replace the packed-column gas chromatography Assay with a specific liquid
chromatography procedure. This procedure is based on analyses performed with the
Zorbax Eclipse XDB-C8 brand of L7 column. The typical retention time for valproic
acid is about 6.3 min.
2.
Update Identification test A with the retention time agreement of the major peak as
obtained in the Assay. This requirement is consistent with similar tests in other USP
monographs.
3.
Remove the requirement to use chloroform, which can pose a safety hazard, as a
solvent in the procedure for Uniformity of Dosage Units 905 . The general chapter
allows the user to use a suitable solvent.
4.
Include the use of USP Valproic Acid Related Compound B RS to support the proposed
Assay procedure.
5.
Additionally, the monograph is updated to be consistent with USP style.
(SM4: H. Ramanathan, H. Joyce.)
Correspondence Number—C102661

Comment deadline: July 31, 2012
Valproic Acid Capsules
DEFINITION
Valproic Acid Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of valproic
acid (C8 H16 O2 ).
IDENTIFICATION
Change to read:
• A. The retention time ratios of the valproic acid peak to the internal standard peak from the
Standard solution and from the Sample solution as obtained in the Assay do not differ by
more than 2.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
• B.
Sample: Equivalent to 250 mg of valproic acid
Analysis: Place the Sample in a separator, add 20 mL of 1 N sodium hydroxide, shake, and
allow the layers to separate. Transfer the aqueous layer to a second separator, add 4 mL
of hydrochloric acid, mix, and extract with 40 mL of n-heptane. Filter the n-heptane layer
through glass wool into a beaker, and evaporate the solvent completely on a steam bath
with the aid of a current of air. Transfer 2 drops of the residue to a test tube containing
0.5 mL each of potassium iodide solution (1 in 50) and potassium iodate solution (1 in 25),
and mix.
Acceptance criteria: A yellow color is produced.
ASSAY
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Change to read:
• Procedure
Internal standard solution: 5 mg/mL of biphenyl in n-heptane
Standard stock solution: 2.5 mg/mL of USP Valproic Acid RS in n-heptane
Standard solution: Combine 10.0 mL of Standard stock solution and 4.0 mL of Internal
standard solution in a container equipped with a closure.
Sample stock solution: Transfer NLT 20 Capsules to a blender jar or other container. Add
150 mL of methylene chloride, and cool in a solid carbon dioxide–acetone mixture until
the contents have solidified. If necessary, transfer the mixture of Capsules and
methylene chloride to a blender jar, and blend with a high-speed blender until all the
solids are reduced to fine particles. Transfer the mixture to a 500-mL volumetric flask,
add n-heptane to volume, mix, and allow solids to settle. Transfer a measured volume of
the supernatant to a 100-mL volumetric flask, and dilute with n-heptane to volume to
obtain a 2.5 mg/mL solution.
Sample solution: Combine 5.0 mL of the Sample stock solution and 2.0 mL of the Internal
standard solution in a container equipped with a closure.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 2-mm × 1.8-m glass column packed with 10% phase G34 on 80- to 100-mesh
support S1A
Temperature
Column: 150
Injector port: 250
Detector: 250
Carrier gas: Dry helium
Flow rate: 40 mL/min
Injection size: 2 µL
System suitability
[Note—The relative retention times for valproic acid and biphenyl are 0.5 and 1.0,
respectively. ]
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between valproic acid and biphenyl
Relative standard deviation: NMT 2%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C8 H16 O2 in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of valproic acid to internal standard from the Sample solution
RS= peak response ratio of valproic acid to internal standard from the Standard solution
C=
S concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
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C=
U nominal concentration of valproic acid in the Sample solution (mg/mL)
Buffer: 3.5 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5.
Mobile phase: Acetonitrile and Buffer (45:55)
Diluent: Acetonitrile and water (45:55)
System suitability solution: 0.5 mg/mL of USP Valproic Acid RS and 50 µg/mL of USP
Valproic Acid Related Compound B RS in Diluent
Standard solution: 0.5 mg/mL of USP Valproic Acid RS in Diluent
Sample solution: Nominally 0.5 mg/mL of valproic acid in Diluent, prepared as follows.
Transfer a weighed amount of Capsule contents (NLT 20) to an appropriate volumetric
flask, and dilute with Diluent to volume. Sonicate the resulting solution for 5 min.
Centrifuge a portion of the solution for about 10 min.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for valproic acid related compound B and valproic
acid are 0.90 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between valproic acid related compound B and valproic acid,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valproic acid (C8 H16 O2 ) in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of valproic acid in the Sample solution (mg/mL)
1S (USP36)

Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 5 mg/mL of sodium lauryl sulfate in simulated intestinal fluid TS (prepared without
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the enzyme and with monobasic sodium phosphate instead of monobasic potassium
phosphate), adjusted with 5 M sodium hydroxide to a pH of 7.5; 900 mL
Apparatus 2: 50 rpm
Time: 60 min
Internal standard solution, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Standard solution: Prepare a solution of USP Valproic Acid RS having a concentration
similar to that of the Sample solution. Transfer 10.0 mL to a suitable container, add 3.0 g
of sodium chloride, and mix on a vortex mixer for 5 min. Add 1 mL of 6 N hydrochloric acid
and 5.0 mL of the Internal standard solution, and shake for 2 min. Allow the phases to
separate, remove the n-heptane layer, and filter. Discard the aqueous layer.
Sample solution: Transfer 10.0 mL of the solution under test to a suitable container, add
3.0 g of sodium chloride, and mix on a vortex mixer for 5 min. Add 1 mL of 6 N
hydrochloric acid and 5.0 mL of the Internal standard solution, and shake for 2 min. Allow
the phases to separate, remove the n-heptane layer, and filter. Discard the aqueous
layer.
Internal standard solution: 5 mg/mL of biphenyl in n-heptane
Standard stock solution: (L/900) mg/mL of USP Valproic Acid RS in Medium, where L is
the label claim, in mg/Capsule
Standard solution: (L/450) mg/mL of USP Valproic Acid RS in solution from Standard
stock solution, where L is the label claim, in mg/Capsule, prepared as follows. Transfer
10.0 mL of the Standard stock solution to a suitable container, add 3.0 g of sodium
chloride, and mix on a vortex mixer for 5 min. Add 1 mL of 6 N hydrochloric acid and 5.0
mL of the Internal standard solution, and shake for 2 min. Allow the phases to
separate, remove the n-heptane layer, and filter.
Sample solution: Nominally (L/450) mg/mL of valproic acid in solution, where L is the
label claim, in mg/Capsule, prepared as follows. Transfer 10.0 mL of the solution under
test to a suitable container, add 3.0 g of sodium chloride, and mix on a vortex mixer for
5 min. Add 1 mL of 6 N hydrochloric acid and 5.0 mL of the Internal standard solution,
and shake for 2 min. Allow the phases to separate, remove the n-heptane layer, and
filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 2-mm × 1.8-m glass; packed with 10% phase G34 on 80- to 100-mesh
support S1A
Temperatures
Column: 150
Injection port: 250
Detector: 250
Carrier gas: Dry helium
Flow rate: 40 mL/min
Injection volume: 2 µL
System suitability
[Note—The relative retention times for valproic acid and biphenyl are 0.5 and 1.0,
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respectively. ]
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between valproic acid and biphenyl
Relative standard deviation: NMT 2%
1S (USP36)

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valproic acid (C8 H16 O2 ) dissolved:
Result = (RU/RS) × CS × (V/L) × 100
R=
U peak response ratio of valproic acid to the internal standard from the Sample solution
R=
S peak response ratio of valproic acid to the internal standard from the Standard solution
C=
S concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Capsule)
Tolerances: NLT 85% (Q) of valproic acid (C8 H16 O2 ) is dissolved.
Change to read:
• Uniformity of Dosage Units 905 : Meet the requirements chloroform being used as the
solvent in the procedure for Soft Capsules
1S (USP36)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Valproic Acid RS
USP Valproic Acid Related Compound B RS
(2RS)-2-(1-Methylethyl)pentanoic acid.
C8 H16 O2
144.21 1S (USP36)
BRIEFING
Valproic Acid Oral Solution, USP 35 page 4994. It is proposed to modernize the monograph
with the following changes:
1.
Replace the packed-column gas chromatography Assay with a specific liquid
chromatography procedure. This procedure is based on analyses performed with the
Zorbax Eclipse XDB-C8 brand of L7 column. The typical retention time for valproic
acid is about 6.4 min.
2.
Update Identification test A with the retention time agreement of the major peak as
obtained in the Assay. This requirement is consistent with similar tests in other USP
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monographs.
3.
Include the use of USP Valproic Acid Related Compound B RS to support the proposed
Assay procedure.
4.
Additionally, the monograph is updated to be consistent with USP style.
(SM4: H. Ramanathan, H. Joyce.)
Correspondence Number—C97344

Comment deadline: July 31, 2012
Valproic Acid Oral Solution
DEFINITION
Valproic Acid Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
valproic acid (C8 H16 O2 ). It is prepared with the aid of Sodium Hydroxide.
IDENTIFICATION
Change to read:
• A. The retention time ratios of the valproic acid peak to the internal standard peak from the
Standard solution and the Sample solution as directed in the Assay do not differ by more
than 2.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 1S (USP36)
• B.
Sample: Volume of Oral Solution equivalent to 250 mg of valproic acid
Analysis: Place the Sample into a separator, add 40 mL of water and 2 mL of hydrochloric
acid, mix, and extract with 40 mL of n-heptane. Filter the n-heptane layer through glass
wool into a beaker, and evaporate the solvent completely on a steam bath with the aid of
a current of air. Transfer 2 drops of the residue to a test tube containing 0.5 mL each of
potassium iodide solution (1 in 50) and potassium iodate solution (1 in 25).
Acceptance criteria: A yellow color is produced.
ASSAY
Change to read:
• Procedure
Internal standard solution: 5 mg/mL of biphenyl in n-heptane
Standard stock solution: 2.5 mg/mL of USP Valproic Acid RS in n-heptane
Standard solution: Combine 10 mL of Standard stock solution and 4.0 mL of Internal
standard solution in a container equipped with a closure.
Sample stock solution: Transfer a volume of Oral Solution, equivalent to about 250 mg of
valproic acid, to a separator. Add 40 mL of water and 2 mL of hydrochloric acid, mix, and
extract gently with 80 mL of n-heptane until the aqueous layer is clear (3 min). Filter the
n-heptane layer through glass wool, collecting the filtrate in a 100-mL volumetric flask.
Rinse the separator and the glass wool with small portions of n-heptane, add the rinsings
to the flask, and dilute with n-heptane to volume.
Sample solution: Transfer 5.0 mL of Sample stock solution and 2.0 mL of Internal
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standard solution to a container equipped with a closure.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 2-mm × 1.8-m glass; packed with 10% phase G34 on 80- to 100-mesh support
S1A
Temperatures
Column: 150
Injection port: 250
Detector: 250
Carrier gas: Dry helium
Flow rate: 40 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for valproic acid and biphenyl are 0.5 and 1.0,
respectively. ]
Suitability requirements
Resolution: NLT 3.0 between valproic acid and biphenyl
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valproic acid (C8 H16 O2 ) in the portion of
Oral Solution taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of valproic acid to the internal standard from the Sample solution
R=
S peak response ratio of valproic acid to the internal standard from the Standard solution
C=
S concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of Valproic Acid in the Sample solution (mg/mL)
Buffer: 3.5 g/L of monobasic sodium phosphate in water. Adjust with phosphoric acid to
a pH of 3.5.
Mobile phase: Acetonitrile and Buffer (45:55)
Diluent: Acetonitrile and water (45:55)
System suitability solution: 0.5 mg/mL of USP Valproic Acid RS and 50 µg/mL of USP
Valproic Acid Related Compound B RS in Diluent
Standard solution: 0.5 mg/mL of USP Valproic Acid RS in Diluent
Sample solution: Nominally 0.5 mg/mL of valproic acid in Diluent from a suitable volume
of Oral Solution
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 215 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for valproic acid related compound B and valproic
acid are 0.90 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between valproic acid related compound B and valproic acid,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of valproic acid (C8 H16 O2 ) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Valproic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of valproic acid in the Sample solution (mg/mL)
1S (USP36)

Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 7.0–8.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Change to read:
• USP Reference Standards 11
USP Valproic Acid RS
USP Valproic Acid Related Compound B RS
(2RS)-2-(1-Methylethyl)pentanoic acid.
C8 H16 O2
144.21 1S (USP36)
BRIEFING
Vigabatrin. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is proposed. The liquid chromatographic
procedures in the Assay are based on analyses performed with the Whatman Partisil 10 SCX
brand of L9 column. The typical retention time for vigabatrin is 8.4 min. The liquid
chromatographic procedures in the test for Organic Impurities are based on analyses

PF 38(3): May-Jun. 2012

396

performed with the Spherisorb C6 and Whatman Partisil 10 SCX brands of L15 and L9
columns, in series, respectively. The typical retention time for vigabatrin is 19–20 min. The
liquid chromatographic procedures in the test for Limit of -Aminobutyric Acid are based on
analyses performed with the Vydac 219TP brand of L11 column. The typical retention time
for derivatized vigabatrin is 15–17 min.
(SM4: H. Ramanathan, H. Joyce.)
Correspondence Number—C102011

Comment deadline: July 31, 2012
Add the following:
Vigabatrin

C6 H11 NO2

129.16

5-Hexenoic acid, 4-amino-;
4-Amino-5-hexenoic acid
[60643-86-9].
DEFINITION
Vigabatrin contains NLT 98.0% and NMT 102.0% of vigabatrin (C6 H11 NO2 ), calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 3.4 g/L of monobasic potassium phosphate
Mobile phase: Acetonitrile, methanol, and Buffer (4:40:1000). Adjust with phosphoric acid
to a pH of 2.8.
Standard solution: 2.0 mg/mL of USP Vigabatrin RS in Mobile phase
System suitability solution: 12 µg/mL of USP Vigabatrin Related Compound A RS in the
Standard solution
Sample solution: 2.0 mg/mL of Vigabatrin in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25.0-cm; 10-µm packing L9
Flow rate: 1.5 mL/min
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Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for vigabatrin related compound A and vigabatrin are
about 0.5 and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 1.5 between vigabatrin related compound A and vigabatrin
Relative standard deviation: NMT 1.0% for the vigabatrin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of vigabatrin (C6 H11 NO2 ) in the portion of Vigabatrin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Vigabatrin RS in the Standard solution (mg/mL)
C=
U concentration of Vigabatrin in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Heavy Metals, Method I

231 : NMT 10 µg/g

• Limit of -Aminobutyric Acid
Solution A: 1.6 g/L of 9-fluorenylmethyl chloroformate (FMOC) in acetone
Buffer A: 4.1 g/L of anhydrous sodium acetate. Adjust with glacial acetic acid to a pH of
4.2.
Buffer B: 31 g/L of boric acid. Adjust with 0.5 g/mL sodium hydroxide to a pH of 7.7.
Mobile phase: Acetonitrile and Buffer A (25:75)
Standard stock solution: 2.0 mg/mL of USP Vigabatrin RS and 4 µg/mL of USP Aminobutyric Acid RS in water
Standard solution: Transfer 1.0 mL of Standard stock solution to a suitable container.
Pipet 2 mL of Buffer B into the container, and mix. Pipet 3 mL of Solution A into the
container, mix, and allow to stand for 5 min. Pipet 3 mL of ethyl acetate into the
container, shake for a few seconds, and allow the layers to separate. Use the lower layer
within 8 h of preparation.
Sample stock solution: 2.0 mg/mL of Vigabatrin in water
Sample solution: Transfer 1.0 mL of Sample stock solution to a suitable container. Pipet 2
mL of Buffer B into the container, and mix. Pipet 3 mL of Solution A into the container,
mix, and allow to stand for 5 min. Pipet 3 mL of ethyl acetate into the container, shake for
a few seconds, and allow the layers to separate. Use the lower layer within 8 h of
preparation.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 263 nm
Column: 4.6-mm × 15.0-cm; 5-µm packing L11
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Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for (9-fluorenyl)methanol (FMOC-OH), FMOC- aminobutyric acid, and FMOC-vigabatrin are about 0.4, 0.6, and 1.0, respectively. ]
Suitability requirements
Resolution: NLT 2.0 between FMOC-OH and FMOC- -aminobutyric acid
Relative standard deviation: NMT 2.0% for the FMOC- -aminobutyric acid peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of

-aminobutyric acid in the portion of Vigabatrin taken:
Result = (rU/rS) × (CS/CU) × 100

rU= peak response of FMOC- -aminobutyric acid from the Sample solution
rS= peak response of FMOC- -aminobutyric acid from the Standard solution
C=
S concentration of USP

-Aminobutyric Acid RS in the Standard stock solution (mg/mL)
C=
U concentration of Vigabatrin in the Sample stock solution (mg/mL)
Acceptance criteria
-Aminobutyric acid: NMT 0.2%
• Organic Impurities
Buffer: 58.5 g/L of monobasic sodium phosphate in dilute phosphoric acid (23 in 1000)
Mobile phase: Acetonitrile, Buffer, and water (25:25:950)
System suitability solution: 6 µg/mL of USP Vigabatrin Related Compound A RS, 7.6
µg/mL of USP Vigabatrin Related Compound B RS, 8 µg/mL of USP Vigabatrin Related
Compound E RS, and 4.0 mg/mL of USP Vigabatrin RS in Mobile phase
Standard solution: 6 µg/mL of USP Vigabatrin Related Compound A RS, 7.6 µg/mL of USP
Vigabatrin Related Compound B RS, and 8 µg/mL of USP Vigabatrin Related Compound E RS
in Mobile phase
Sample solution: 4.0 mg/mL of Vigabatrin in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Columns: Column A and Column B are coupled in series before the detector.
Column A: 4.6-mm × 25.0-cm; 5-µm packing L15
Column B: 4.6-mm × 25.0-cm; 10-µm packing L9
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—See Table 1 for the relative retention times. ]
Suitability requirements
Resolution: NLT 1.5 between vigabatrin related compound A and vigabatrin
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Tailing factor: NMT 2.0 each for vigabatrin related compound A and vigabatrin related
compound E
Relative standard deviation: NMT 5.0% for vigabatrin related compound E
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of vigabatrin related compound A, vigabatrin related compound
B, or vigabatrin related compound E in the portion of Vigabatrin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of vigabatrin related compound A, vigabatrin related compound B, or
vigabatrin related compound E from the Sample solution
rS= peak response of vigabatrin related compound A, vigabatrin related compound B, or
vigabatrin related compound E from the Standard solution
C=
S concentration of USP Vigabatrin Related Compound A RS, USP Vigabatrin Related
Compound B RS, or USP Vigabatrin Related Compound E RS in the Standard solution
(mg/mL)
C=
U concentration of Vigabatrin in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Vigabatrin
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual impurity from the Sample solution
rS= peak response of vigabatrin related compound E from the Standard solution
C=
S concentration of USP Vigabatrin Related Compound E RS in the Standard solution
(mg/mL)
C=
U concentration of Vigabatrin in the Sample solution (mg/mL)
Acceptance criteria:
Table 1

Name
Vigabatrin related compound Ea
Vigabatrin related compound Ab
Vigabatrin
Vigabatrin related compound Bc
Any other individual impurity
Total impuritiesd
a 2-(2-Aminobut-3-enyl)malonic acid.
b 5-Vinylpyrrolidin-2-one.
c (E)-2-(2-Aminoethyl)but-2-enoic acid.

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

0.5
0.9
1.0
1.4
—
—

d Sum of all impurities found in the tests for Organic Impurities and Limit of
Aminobutyric Acid.
• Residue on Ignition 281 : NMT 0.1%

0.1
0.1
—
0.1
0.1
0.5

-
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SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781
Sample solution: 200 mg/mL in water. Sonication may be used to aid in dissolution.
Acceptance criteria: +0.5 to
• Water Determination, Method I

0.5
921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards

11

USP

-Aminobutyric Acid RS
4-Aminobutyric acid.
C4 H9 NO2
103.12
USP Vigabatrin RS
USP Vigabatrin Related Compound A RS
5-Vinylpyrrolidin-2-one.
C6 H9 NO
111.14
USP Vigabatrin Related Compound B RS
(E)-2-(2-Aminoethyl)but-2-enoic acid hydrochloride.
C6 H11 NO2 ·HCl
165.62
USP Vigabatrin Related Compound E RS
2-(2-Aminobut-3-enyl)malonic acid.
C7 H11 NO4
173.17
1S (USP36)

BRIEFING
Sterile Purified Water, USP 35 page 5041. In 1996, the Oxidizable Substances test was
replaced with the test for Total Organic Carbon

643

in the monographs Purified Water

and Water for Injection. Total Organic Carbon 643 is a nonselective, quantitative limit
test for control of organic impurities. The rationale behind this change was that the
century-old Oxidizable Substances test is a highly selective and subjective test for organic
impurities. Its imprecise endpoint and variable reactivity with different organic species (and
virtual nonreactivity with some) could allow high levels of objectionable organic species to
be present. In spite of this risk, after many decades of use with no overt water impurity
issues, the water has generally been regarded as suitable for its intended uses.
Nevertheless, the test for organic content needed to be contemporized and less subjective, so
a Total Organic Carbon test and quantitative limit were established that were generally
consistent with the reasonably achievable process capability of Purified Water and Water for
Injection water systems at that time.
This initiative is extended to several sterile pharmaceutical waters with the addition of the
section Sterile Water to general test chapter Total Organic Carbon 643 . This is as an
alternative to the Oxidizable Substances test for the same reasons of contemporization and
quantification, with a similarly based limit reflecting reasonably achievable process capability.
This process capability is based on total organic carbon data for sterile pharmaceutical
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water provided by manufacturers of large-volume parenterals in response to Stimuli articles
appearing in PF 28(5). This dual testing option is proposed to become official in the First
Supplement to USP 36 to provide a period to transition the organic impurities attribute test.
The Oxidizable Substances test will be deleted from this monograph approximately 18–24
months later in the First Supplement to USP 38.
See the concurrent revision of Total Organic Carbon

643

in this issue of PF. A concurrent

revision of Water Conductivity, Sterile Water 645 acceptance criteria is proposed for
containers with a nominal volume of 10 mL or less to harmonize with initiatives of the
Pharmacopeial Discussion Group.
(GCCA: A. Hernandez-Cardoso.)
Correspondence Number—C115368

Comment deadline: July 31, 2012
Sterile Purified Water
[Note—For microbiological guidance, see Water for Pharmaceutical Purposes
H2 O
18.02

1231 . ]

DEFINITION
Sterile Purified Water is Purified Water sterilized and suitably packaged. It contains no
antimicrobial agents. [Note—Do not use Sterile Purified Water in preparations intended for
parenteral administration. For such purposes use Water for Injection, Bacteriostatic Water for
Injection, or Sterile Water for Injection. ]
SPECIFIC TESTS
Change to read:
• Oxidizable Substances
Sample: 100 mL
Analysis: Add 10 mL of 2 N sulfuric acid, and heat to a boil. For Sterile Purified Water in
containers having a fill volume of less than 50 mL, add 0.4 mL of 0.02 M potassium
permanganate, and boil for 5 min; where the fill volume is 50 mL or more, add 0.2 mL of
0.02 M potassium permanganate, and boil for 5 min. If a precipitate forms, cool in an ice
bath to room temperature, and pass through a sintered-glass filter.
Acceptance criteria: The pink color does not completely disappear.
Alternatively, perform the test for Total Organic Carbon, Sterile Water

643 .

1S (USP36)

Add the following:
• Total Organic Carbon, Sterile Water 643 : Meets the requirements. Alternatively,
perform the test for Oxidizable Substances. 1S (USP36)
• Water Conductivity, Sterile Water
• Sterility Tests

645 : Meets the requirements

71 : Meets the requirements

ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in suitable tight containers.
• Labeling: Label it to indicate the method for preparation and to indicate that it is not for
parenteral administration.
BRIEFING
Sterile Water for Inhalation, USP 35 page 5040. In 1996, the Oxidizable Substances test was
replaced with the test for Total Organic Carbon

643

in the monographs Purified Water

and Water for Injection. Total Organic Carbon 643 is a nonselective, quantitative limit
test for control of organic impurities. The rationale behind this change was that the
century-old Oxidizable Substances test is a highly selective and subjective test for organic
impurities. Its imprecise endpoint and variable reactivity with different organic species (and
virtual nonreactivity with some) could allow high levels of objectionable organic species to
be present. In spite of this risk, after many decades of use with no overt water impurity
issues, the water has generally been regarded as suitable for its intended uses.
Nevertheless, the test for organic content needed to be contemporized and less subjective, so
a Total Organic Carbon test and quantitative limit were established that were generally
consistent with the reasonably achievable process capability of Purified Water and Water for
Injection water systems at that time.
This initiative is extended to several sterile pharmaceutical waters with the addition of the
section Sterile Water to the general test chapter Total Organic Carbon 643 . This is as
an alternative to the Oxidizable Substances test for the same reasons of contemporization
and quantification, with a similarly based limit reflecting reasonably achievable process
capability. This process capability is based on total organic carbon data for sterile
pharmaceutical water provided by manufacturers of large-volume parenterals in response to
Stimuli articles appearing in PF 28(5). This dual testing option is proposed to become official
in the First Supplement to USP 36 to provide a period to transition the organic impurities
attribute test. The Oxidizable Substances test will be deleted from this monograph
approximately 18–24 months later in the First Supplement to USP 38.
See the concurrent revision of Total Organic Carbon

643

in this issue of PF. A concurrent

revision of Water Conductivity, Sterile Water 645 acceptance criteria is proposed for
containers with a nominal volume of 10 mL or less to harmonize with initiatives of the
Pharmacopeial Discussion Group.
(GCCA: A. Hernandez-Cardoso.)
Correspondence Number—C115368

Comment deadline: July 31, 2012
Sterile Water for Inhalation
[Note—For microbiological guidance, see Water for Pharmaceutical Purposes

1231 . ]

DEFINITION
Sterile Water for Inhalation is prepared from Water for Injection that is sterilized and suitably
packaged. It contains no added antimicrobial agents. [Note—Do not use Sterile Water for
Inhalation for parenteral administration or for other sterile compendial dosage forms. ]
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SPECIFIC TESTS
Change to read:
• Oxidizable Substances
Sample: 100 mL
Analysis: Add 10 mL of 2 N sulfuric acid, and heat to boiling. For Sterile Water for
Inhalation in containers having a fill volume of less than 50 mL, add 0.4 mL of 0.02 M
potassium permanganate, and boil for 5 min; where the fill volume is 50 mL or more, add
0.2 mL of 0.02 M potassium permanganate, and boil for 5 min. If a precipitate forms, cool
in an ice bath to room temperature, and pass through a sintered-glass filter.
Acceptance criteria: The pink color does not completely disappear.
Alternatively, perform the test for Total Organic Carbon, Sterile Water

643 .

1S (USP36)

Add the following:
• Total Organic Carbon, Sterile Water 643 : Meets the requirements. Alternatively,
perform the test for Oxidizable Substances. 1S (USP36)
• Water Conductivity, Sterile Water
• Sterility Tests

645 : Meets the requirements

71 : Meets the requirements

• Bacterial Endotoxins Test

85 : Less than 0.5 USP Endotoxin Unit/mL

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in glass or plastic containers. Glass containers are
preferably of Type I or Type II glass.
• Labeling: Label it to indicate that it is for inhalation therapy only and that it is not for
parenteral administration.
• USP Reference Standards
USP Endotoxin RS

11
BRIEFING

Sterile Water for Injection, USP 35 page 5040. In 1996, the Oxidizable Substances test was
replaced with the test for Total Organic Carbon

643

in the monographs Purified Water

and Water for Injection. Total Organic Carbon 643 is a nonselective, quantitative limit
test for control of organic impurities. The rationale behind this change was that the
century-old Oxidizable Substances test is a highly selective and subjective test for organic
impurities. Its imprecise endpoint and variable reactivity with different organic species (and
virtual nonreactivity with some) could allow high levels of objectionable organic species to
be present. In spite of this risk, after many decades of use with no overt water impurity
issues, the water has generally been regarded as suitable for its intended uses.
Nevertheless, the test for organic content needed to be contemporized and less subjective, so
a Total Organic Carbon test and quantitative limit were established that were generally
consistent with the reasonably achievable process capability of Purified Water and Water for
Injection water systems at that time.
This initiative is extended to several sterile pharmaceutical waters with the addition of the
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section Sterile Water to the general test chapter Total Organic Carbon 643 . This is as
an alternative to the Oxidizable Substances test for the same reasons of contemporization
and quantification, with a similarly based limit reflecting reasonably achievable process
capability. This process capability is based on total organic carbon data for sterile
pharmaceutical water provided by manufacturers of large-volume parenterals in response to
Stimuli articles appearing in PF 28(5). This dual testing option is proposed to become official
in the First Supplement to USP 36 to provide a period to transition the organic impurities
attribute test. The Oxidizable Substances test will be deleted from this monograph
approximately 18–24 months later in the First Supplement to USP 38.
See the concurrent revision of Total Organic Carbon

643

in this issue of PF. A concurrent

revision of Water Conductivity, Sterile Water 645 acceptance criteria is proposed for
containers with a nominal volume of 10 mL or less to harmonize with initiatives of the
Pharmacopeial Discussion Group.
(GCCA: A. Hernandez-Cardoso.)
Correspondence Number—C115368

Comment deadline: July 31, 2012
Sterile Water for Injection
[Note—For microbiological guidance, see Water for Pharmaceutical Purposes

1231 . ]

DEFINITION
Sterile Water for Injection is prepared from Water for Injection that is sterilized and suitably
packaged. It contains no antimicrobial agent or other added substance.
SPECIFIC TESTS
Change to read:
• Oxidizable Substances
Sample: 100 mL
Analysis: Add 10 mL of 2 N sulfuric acid, and heat to a boil. For Sterile Water for Injection
in containers having a fill volume less than 50 mL, add 0.4 mL of 0.02 M potassium
permanganate, and boil for 5 min; where the fill volume is 50 mL or more, add 0.2 mL of
0.02 M potassium permanganate, and boil for 5 min. If a precipitate forms, cool in an ice
bath to room temperature, and pass through a sintered-glass filter.
Acceptance criteria: The pink color does not completely disappear.
Alternatively, perform the test for Total Organic Carbon, Sterile Water

643 .

1S (USP36)

Add the following:
• Total Organic Carbon, Sterile Water 643 : Meets the requirements. Alternatively,
perform the test for Oxidizable Substances. 1S (USP36)
• Water Conductivity, Sterile Water
• Particulate Matter in Injections

645 : Meets the requirements
788 : Meets the requirements

PF 38(3): May-Jun. 2012

• Sterility Tests
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71 : Meets the requirements

• Bacterial Endotoxins Test

85 : Less than 0.25 USP Endotoxin Unit/mL

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose glass or plastic containers of not larger
than 1-L size. Glass containers are preferably of Type I or Type II glass.
• Labeling: Label it to indicate that no antimicrobial or other substance has been added, and
that it is not suitable for intravascular injection without first having been made
approximately isotonic by the addition of a suitable solute.
• USP Reference Standards
USP Endotoxin RS

11
BRIEFING

Sterile Water for Irrigation, USP 35 page 5041. In 1996, the Oxidizable Substances test was
replaced with the test for Total Organic Carbon

643

in the monographs Purified Water

and Water for Injection. Total Organic Carbon 643 is a nonselective, quantitative limit
test for control of organic impurities. The rationale behind this change was that the
century-old Oxidizable Substances test is a highly selective and subjective test for organic
impurities. Its imprecise endpoint and variable reactivity with different organic species (and
virtual nonreactivity with some) could allow high levels of objectionable organic species to
be present. In spite of this risk, after many decades of use with no overt water impurity
issues, the water has generally been regarded as suitable for its intended uses.
Nevertheless, the test for organic content needed to be contemporized and less subjective, so
a Total Organic Carbon test and quantitative limit were established that were generally
consistent with the reasonably achievable process capability of Purified Water and Water for
Injection water systems at that time.
This initiative is extended to several sterile pharmaceutical waters with the addition of the
section Sterile Water to the general test chapter Total Organic Carbon 643 . This is as
an alternative to the Oxidizable Substances test for the same reasons of contemporization
and quantification, with a similarly based limit reflecting reasonably achievable process
capability. This process capability is based on total organic carbon data for sterile
pharmaceutical water provided by manufacturers of large-volume parenterals in response to
Stimuli articles appearing in PF 28(5). This dual testing option is proposed to become official
in the First Supplement to USP 36 to provide a period to transition the organic impurities
attribute test. The Oxidizable Substances test will be deleted from this monograph
approximately 18–24 months later in the First Supplement to USP 38.
See the concurrent revision of Total Organic Carbon

643

in this issue of PF. A concurrent

revision of Water Conductivity, Sterile Water 645 acceptance criteria is proposed for
containers with a nominal volume of 10 mL or less to harmonize with initiatives of the
Pharmacopeial Discussion Group.
(GCCA: A. Hernandez-Cardoso.)
Correspondence Number—C115368

Comment deadline: July 31, 2012

PF 38(3): May-Jun. 2012

406

Sterile Water for Irrigation
[Note—For microbiological guidance, see Water for Pharmaceutical Purposes

1231 . ]

DEFINITION
Sterile Water for Irrigation is prepared from Water for Injection that is sterilized and suitably
packaged. It contains no antimicrobial agent or other added substance.
SPECIFIC TESTS
Change to read:
• Oxidizable Substances
Sample: 100 mL
Analysis: Add 10 mL of 2 N sulfuric acid, and heat to a boil. For Sterile Water for Irrigation
in containers having a fill volume less than 50 mL, add 0.4 mL of 0.02 M potassium
permanganate, and boil for 5 min; where the fill volume is 50 mL or more, add 0.2 mL of
0.02 M potassium permanganate, and boil for 5 min. If a precipitate forms, cool in an ice
bath to room temperature, and pass through a sintered-glass filter.
Acceptance criteria: The pink color does not completely disappear.
Alternatively, perform the test for Total Organic Carbon, Sterile Water

643 .

1S (USP36)

Add the following:
• Total Organic Carbon, Sterile Water 643 : Meets the requirements. Alternatively,
perform the test for Oxidizable Substances. 1S (USP36)
• Water Conductivity, Sterile Water
• Sterility Tests

645 : Meets the requirements

71 : Meets the requirements

• Bacterial Endotoxins Test

85 : Less than 0.25 USP Endotoxin Unit/mL

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose glass or plastic containers. Glass
containers are preferably of Type I or Type II glass. The container may contain a volume
of more than 1 L and may be designed to empty rapidly.
• Labeling: Label it to indicate that no antimicrobial or other substance has been added. The
designations “For irrigation only” and “Not for injection” appear prominently on the label.
• USP Reference Standards
USP Endotoxin RS

11
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participating pharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Products from Natural Origin for Health Purposes: Transitioning from Dietary
Supplements to Dietary Supplements and Traditional Medicines
Dietary Supplements Expert Committee, USP Staff1,

2

ABSTRACT The United States Pharmacopeial Convention (USP) publishes documentary
standards (monographs) for dietary supplements legally marketed in the United States in a
dedicated section of the United States Pharmacopeia (USP). These standards also are
published in the USP Dietary Supplements Compendium (DSC), a separate compendium that
contains both official and authorized text and serves as a resource for dietary supplement
manufacturers and regulators. The standards area allied with reference materials that support
the procedures provided in the documentary standards. The overall activity stems from a USP
Convention resolution adopted in 1995 after the passage of the Dietary Supplement Health and
Education Act of 1994 (DSHEA), which recognized the need for standards for dietary
supplements marketed in the United States and regulated under DSHEA.
The universe of substances used for medicinal or health purposes and derived from natural
sources throughout the world extends far beyond those legally marketed in the United States
as dietary supplements under DSHEA. This article refers to these other substances as
traditional medicines. A key element distinguishing dietary supplements from traditional
medicines is expressed by the use of serving size for dietary supplements, because they are
foods, versus dose for a medicine, including a traditional medicine. Countries classify, define,
and regulate traditional medicine substances and the products arising from them differently,
just as they do for foods and dietary supplements, but in every case there is a need for
compendial standards that attest to their quality. Today, many traditional medicines lack such
standards, putting consumers in the United States and throughout the world at potential risk.
USP's intent, as described in this Stimuli article, is to help fill this gap by advancing public
standards for traditional medicines legally marketed outside the United States, irrespective of
how they are defined and regulated. Such standards could be published as a separate section
of DSC, as an addition to USP's Medicines Compendium (MC), USP's compendium of standards
for drugs legally marketed outside the United States, or in a separate publication for traditional
medicines modeled after MC. In so doing, USP seeks to develop standards for traditional
medicines that are used globally, as it does with standards for modern drugs in the MC and
those for food ingredients in the Food Chemicals Codex (FCC). The intent of this article is to
initiate discussion, to solicit public comments, and to invite participation of interested parties in
USP's efforts. The article and responses will serve as the basis for further deliberation by the
Dietary Supplements Expert Committee, the USP Council of Experts, and the USP Board of
Trustees.
INTRODUCTION
Today USP develops and publishes standards for only a small segment of traditional medicines—
those that in the United States are defined and regulated as dietary supplements under DSHEA
and are categorized as a subset of foods. There are also some USP monographs for drug active
ingredients that are accepted as standards for traditional medicines outside of the United
States. Others were developed based on their usage in Native American traditional medicine
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and accepted as well in traditional Western herbal medicine practice. Many other traditional
medicines are used widely throughout the world, and although countries classify, define, and
regulate these products differently, in every case there is a need for pharmacopeial standards
that attest to the products' identity, strength, quality, purity, and potency. A few countries
include monographs for traditional medicines in their official pharmacopeias (e.g., India, China,
Japan, and Korea), but international recognition of these monographs is difficult because of
substantial differences in the criteria to establish these standards and the international
requirements for identity, strength, quality, purity, and potency. This article proposes that USP
should work to meet this public health need by developing and publishing standards for
traditional medicines legally marketed outside the United States.
LEGAL BACKGROUND FOR AND ROLE OF USP STANDARDS
Traditional medicines were used in the United States long before federal legislation was adopted
(1). For this reason, many herbs and minerals were grandfathered and exempted from federal
oversight when Congress began regulating food and drugs by the Pure Food and Drugs Act of
1906. This law recognized USP as an “official compendium,” and applied its quality standards to
drugs, including articles such as herbs and minerals that now are considered dietary
supplements. USP began developing standards for vitamins shortly afterward, before the
passage of the Federal Food, Drug, and Cosmetic Act of 1938 (FDCA), which also defined USP
as an “official compendium.” Since the passage of DSHEA in 1994 (2), USP's Council of Experts
(at the time named the Committee of Revision) increasingly has focused attention on
developing public monographs for dietary supplements and their ingredients regulated under
DSHEA. In addition, USP provides quality specifications for inactive food ingredients that may
be included in a dietary supplement. These specifications are included in USP's Food Chemicals
Codex (FCC), an international compendium of public standards for food ingredients that USP
acquired from the National Academy of Science's Institute of Medicine (3).
The FDCA ensures the quality of foods by somewhat different means than it ensures the quality
of drugs. Unlike drug regulations, FDCA provisions governing food do not require compliance to
any “official compendium,” likely because no compendium of food quality existed when the key
federal laws were passed in 1906 and 1938 (4). The adulteration provision of FDCA prohibits
foods that are “filthy, putrid, or otherwise unfit for food” but does not establish any particular
standard by which this determination can be made (5). Instead, the Secretary of Health and
Human Services has authority to promulgate regulations fixing and establishing for any food,
under its common or usual name, “a reasonable definition and standard of identity, a reasonable
standard of quality, or reasonable standards of fill” (6).
Section 403(s) of FDCA, as implemented by DSHEA, does recognize the official compendia,
including USP and the National Formulary (NF), in relation to dietary supplements (7). This
reference is importantly different from the drug provisions that refer to USP and NF because for
dietary supplements it makes conformance to USP and NF standards voluntary. Section 403(s)
states that if USP or NF provides specifications for a dietary supplement, a dietary supplement
is deemed to be misbranded if it is represented as conforming to these specifications—e.g., by
labeling the product as “USP” or “NF,”—and it fails to conform (7). Because of the voluntary
character of the standard, which again becomes enforceable only if used in labeling, few
manufacturers so label their dietary supplements in the United States, irrespective of whether
or not they use USP's standards in their private dealings with the Food and Drug Administration
(FDA) under the dietary supplement Good Manufacturing Practices (GMPs). As a practical
matter, DSHEA creates a disincentive for manufacturers to claim conformance to public
standards in an official compendium, which has many drawbacks in terms of practitioner and
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consumer use of these products.
REGULATORY APPROACHES IN THE UNITED STATES AND OTHER COUNTRIES
FDCA defines dietary supplements as products (other than tobacco) that supplement the diet
such as vitamins, minerals, and botanicals that are not represented for use as conventional
foods and are not drugs (8). Under FDCA, dietary supplements are regulated as a food.
Consequently, products marketed in the United States as dietary supplements must conform to
the regulatory requirements for foods and are subject to FDA enforcement for adulteration
and/or misbranding if they fail to do so. In addition, dietary supplements are subject to specific
GMPs (9). If a dietary supplement product is marketed with a claim to cure, treat, diagnose,
mitigate, or prevent a disease, FDA deems the product to be an unapproved drug. In the United
States, there is thus a sharp distinction between dietary supplements and drugs—there is no
middle ground. A dietary supplement must be marketed to consumers and must be labeled as a
food, and the product cannot be marketed or portrayed as a product with therapeutic,
medicinal, or pharmacological value, with the exception of certain dietary supplement labels
that may carry FDA authorized or qualified disease risk reduction health claim statements.
Other countries have established an intermediate approach to traditional medicines. First, the
term dietary supplement generally is used in a more limited context. In these countries the
term dietary supplement is restricted to vitamins and minerals or botanicals that have a
documented record of use as foods or as substances intended to supplement the human diet,
but it excludes botanicals that have medicinal action. Second, some botanical and other
substances that provide medicinal relief are regulated not as drugs that can be obtained only
with a care provider's prescription but rather as products that are available to consumers
without a prescription. Compared to prescription drugs, requirements to demonstrate the safety
and efficacy of these products usually are lower because they are perceived as having a longstanding record of safe use by practitioners and consumers.
Table 1 illustrates the name, classification, definition, and regulation of traditional medicines in
17 countries. Most noticeable in Table 1 is the range of names and classifications given to
these products. As Table 1 indicates, these names vary from country to country and the
products may be termed natural health products, food supplements, herbal medicines, or
phytomedicines, as well as traditional medicines. Some countries classify these products as
food, but others view them as therapeutic products and drugs. Most countries permit their use
and availability to consumers provided that their manufacturers obtain premarketing
authorization following a product listing, licensing, or registration scheme. An underlying premise
in the countries examined is a preference for making these products available to consumers,
particularly substances with a history of traditional use, rather than denying and prohibiting
them or requiring them to be approved as prescription drugs. Because the substances depicted
in Table 1 currently are used by consumers in the 17 countries (and likely throughout the
world), there is a need to develop pharmacopeial standards that can ensure the identity,
strength, quality, and purity of these substances. This is particularly important for countries
where USP is officially recognized and specified as an acceptable pharmacopeia for the test and
release of active ingredients of licensed (Canada), listed (Australia), or registered (EU)
traditional herbal medicinal products.
RATIONALE FOR USP's DEVELOPMENT OF STANDARDS FOR TRADITIONAL MEDICINES
Traditional medicines are used in every country in the world, but as the previous analysis
demonstrates, there is a wide variation in the regulatory approach to these products. The
United States does not have a regulatory category specifically for traditional medicines. Rather,
they are regulated as drugs, foods, or dietary supplements. Because these products were in
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use long before US regulations for food and drugs were in place, many of them were
grandfathered into the statutes and their successive legislative amendments without specific
mention or recognition.
Both the USP–NF admission policy and USP's mission have evolved with changes in regulations
and scientific understanding of material sciences and analytical technology to define
specifications for articles of medicinal use. For example, the preface of the first edition to USP
states: “It is the object of a Pharmacopeia to select from among substances which possess
medicinal power, those, the utility of which is most fully established and best understood…”
(10). Faithful to this principle and also in association with the rise in government regulation of
both drugs and new drug claims, USP evolved from a compendium of complex botanicals whose
pharmacology and composition were not well established and understood in favor of including
more simple small molecules for which the pharmacological mechanisms and composition were
much clearer. During the early 20th century, analytical technology was not sufficiently robust
to enable a clear understanding of the composition of the complex mixtures used in traditional
medicines, much less the underlying pharmacological mechanisms that involve multiple synergies
and compensating interactions among constituents. Fortunately, this situation is changing
rapidly as new knowledge and analytical technology emerge.
Because of this situation during the past century, the admission of new articles into USP was
almost exclusively driven by FDA's regulatory approvals and involved only new drugs that were
legally marketed in the United States. Following the passing of DSHEA in 1994, USP allowed the
inclusion in USP–NF of articles legally marketed in United States as dietary supplements,
reintroducing many botanical articles that meet the regulatory definition of dietary ingredients.
In the current revision cycle (2010–2015), the dietary supplement standards development
process incorporates a safety review as an evaluation component that helps the USP Dietary
Supplement Expert Committee in the Council of Experts decide whether or not to admit a
dietary ingredient or product into USP–NF, even if a particular dietary ingredient or product is
legally marketed in the United States. This component of USP's admission policy for dietary
supplements acts as safeguard against inclusion in USP–NF of articles that, regardless of their
legal marketing status, may give rise to safety concerns such that inclusion in the compendium
would not be deemed appropriate by the USP Council of Experts. USP's safety review and
evaluation are not meant to provide any finding or assurance about the absolute or relative
safety of a particular dietary ingredient or product or in any way to displace the regulatory role
of FDA or other authorities. Other natural products are considered foods or food ingredients and
therefore are included in FCC. For some articles with nutritional or functional value, there is
overlap among these categories, and some articles could be considered food ingredients,
dietary ingredients, or traditional medicines depending on their label claims and their intended
use. In 2009, USP published the USP DSC, the first compendium of quality standards entirely
dedicated to dietary supplements and their ingredients, including monographs and general
chapters developed for USP–NF and for FCC, along with additional information that is useful to
dietary supplement manufacturers.
As the world becomes smaller because of globalization and as the populations in the world
become more culturally diverse, trade and interest in traditional medicines are becoming more
relevant to US citizens. There is much interest now in traditional medicines used abroad, which
is aligned with the concept of alternative and complementary medicine. In addition, the United
States increasingly engages in international commerce with countries that have strong
traditional medicine history, use, and background. Some articles used as medical materials in
these traditional medicine paradigms are finding their way in international commerce as dietary
supplements. For many of these articles it is difficult to demonstrate that they meet all the
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regulatory requirements in order to be considered true dietary supplements in the United
States. Therefore, there exists a vacuum for many articles that are considered traditional
medicines but cannot meet the regulatory criteria for drugs or dietary ingredients under current
US regulations. The practice of alternative and complementary medicine is allowed in the United
States, and the materials used in these practices require standards for identity, strength,
quality, purity, and potency.
Many of the materials used in traditional medicines are of botanical origin, are wild collected or
cultivated abroad, and are used in traditional medicinal systems that are very different from the
paradigms of modern Western medicine. Thus articles traditionally used in Ayurveda, Unani,
Siddha, Traditional Chinese Medicine, or ethnomedicines from Africa and Latin America are of
interest in many places around the world. Surveys indicate that large segments of the US
population use these medicines that they receive either from alternative and complementary
medicine practitioners or from the open online global market, which allows consumers around
the world to purchase traditional medicines from other countries (11).
Because such articles are not specifically regulated in the United States, the US population
may be inadvertently exposed to articles of questionable quality, purity, and strength.
Developing quality standards for such products would help protect the US public from exposure
to traditional medicines of unknown quality. Patients beyond the borders of the United States
also need modern standards because many countries are without a pharmacopeia, or if one is
available, resource constraints may not ensure modern, relevant standards. Because USP is well
recognized as a standards-setting organization and its standards are recognized and used in
countries all over the world, traditional medicine standards developed by USP could serve a
public health value not only in the United States but in many other countries as well.
USP has signed memoranda of understanding with the Chinese Pharmacopoeia Commission and
Indian Pharmacopoeia Commission, and both memoranda include provisions to jointly develop
standards for articles considered traditional medicines in those countries. However, the current
admissions policy into USP–NF and FCC, and therefore into DSC, which considers the legal
status of these articles, has acted as a barrier for the development of quality standards for
these products. The lack of a specific regulatory category for traditional medicines would make
the traditional medicine standards eventually developed by USP not suitable for inclusion in
USP–NF.
However, USP has other options for where these standards could be published. DSC is not
considered an official compendium of the United States. Although it includes dietary supplement
standards that are official text in USP–NF, it also contains additional authorized text that is
neither official nor enforceable under current US law. The articles included in DSC have some
overlap with traditional medicines. Thus, the scope of this compendium could readily be
expanded to include additional standards for traditional medicines. These standards could be
contained in a separate section of DSC to clearly distinguish them from the official USP–NF
standards for dietary supplements approved in the United States. A second option would be to
develop and publish standards for traditional medicines as part of the MC, a web-based, freely
available compendium that was established in 2011 for drugs legally marketed outside the
United States. Because the MC is already focused on articles legally marketed outside the
United States, including standards for traditional medicines not specifically recognized in the
United States, these standards would be a logical extension of that compendium. Yet another
possibility would be the creation of a separate publication exclusively dedicated to traditional
medicines and modeled after the concepts used for MC. Regardless of which option is chosen,
the standards would go through a public notice and comment process and would be subject to
review and approval by USP's Council of Experts.
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Beyond the issue of location of text and public comment, USP necessarily must address
concerns about the benefit of a traditional medicine, expressed in terms of safety and efficacy,
including dose effects. USP has the ability to do safety assessments both via its Toxicology
Expert Committee and via the safety reviews of the Dietary Supplements Expert Committee.
Although USP does not conduct efficacy assessments for medicines, USP has developed
mechanisms to rely on legal marketing outside the United States and in countries regulated by
stringent foreign authorities—either regulatory or compendial in character—to justify inclusion in
pharmacopeial text. Further approaches can evolve based on these initial approaches.
CONCLUSIONS AND NEXT STEPS
There is a clear and compelling need for quality standards for traditional medicines used widely
throughout the world, including in the United States, to better ensure their identity, strength,
quality, and purity. Although these products are specifically regulated in many other countries,
the United States does not have a recognized regulatory category for traditional medicines.
The lack of a clear regulatory status for these products in the United States has inhibited USP
from including standards for them in USP–NF or the current DSC.
As noted, USP has other options for making these standards available. DSC is not itself an
official compendium and thus could easily be expanded to include standards for traditional
medicines in a separate section. The newly introduced MC provides another possible avenue for
development and publication of these standards, or a separate publication for traditional
medicines modeled after MC could be created. With either of these options, notice and
comment mechanisms would be available to ensure the same transparency and opportunity for
public input that exists for USP–NF standards. Approaches to address potential concerns
regarding safety and efficacy also could be established.
USP welcomes comments on its proposal to develop quality standards for traditional medicines
and on the possible vehicles that might be used for publication of these standards. USP also
welcomes comments on other aspects of the development process, including mechanisms for
notice and comment, admission criteria, and other issues that should be considered as USP
moves forward with this proposal.
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Table 1
Country
USA

Name
Dietary
Supplements

Classification
Food

Botanical Drugs Drug

Canada

Definition
A product taken by
mouth that contains a
“dietary ingredient”
intended to supplement
the diet e.g., vitamins,
minerals, herbs or other
botanicals, amino acids,
and substances such as
enzymes, organ tissues,
glandulars, and
metabolites
Substances intended to
cure, treat, prevent, or
diagnose disease

Natural Health A subset of drugs under the Means a substance set
Products
Food and Drugs A ct
out Schedule 1 of the
NHPRb or a combination
of substances in which
all the medicinal
ingredients are
substances set out in
Schedule 1, a
homeopathic medicine,
or a traditional medicine,
that is manufactured,
sold, or represented for
use in
a. the diagnosis,
treatment, mitigation, or
prevention of a disease,
disorder, or abnormal
physical state or its
symptoms in humans;
b. restoring or correcting
organic functions in
humans; or

Registration
Requireda
FDA Notification is
required within 30 days
of marketing for
descriptive claims that
are neither nutrient
content claims nor
health claims. No
registration required,
but 75-day
premarketing notice to
FDA if New Dietary
Ingredient (NDI)
IND–NDA process for
new botanical drugs.
A nnual listing process
for botanical drugs
subject of a Final or
Tentative O TC
Monograph in the CFR
or Tentative Final
Monograph (TFM) in
the FR
Premarketing
authorization and
product licensing are
required. The levels of
evidence required for
safety, efficacy, and
quality vary depending
on the product license
application stream
(e.g. compendial,
nontraditional,
traditional, traditional
pharmacopeial). A ll
production and
handling sites also
must be licensed.

Claim Allowed
No disease
claims;
structure/function
allowed as well as
nutrient content
claims and certain
“authorized” or
“qualified” disease
risk reduction
health claims

Yes

Claims (both
pharmacologically
based and
traditional
medicine
paradigm–based)
that are suitable
for
nonprescription
purposes are
authorized when
product is
licensed.
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Medicines

418
c. modifying organic
functions in humans,
such as modifying those
functions in a manner
that maintains or
promotes health.
However, a natural
health product does not
include a substance set
out in Schedule 2, any
combination of
substances that
includes a substance
set out in Schedule 2, or
a homeopathic medicine
or a traditional medicine
that is or includes a
substance set out in
Schedule 2.
For the purposes of
these Regulations, a
substance or
combination of
substances or a
traditional medicine is
not considered to be a
natural health product if
its sale, under the Food
and Drug Regulations, is
required to be pursuant
to a prescription when it
is sold other than in
accordance with section
C.01.043 of those
Regulations.
Food
Food supplements are
concentrated sources of
nutrients or other
substances with a
nutritional or
physiological effect
whose purpose is to
supplement the normal
diet. They are marketed
in dosage form, i.e., as
pills, tablets, capsules,
liquids in measured
doses, etc. (EFSA
definition)
Drugs subclassified as: (1) Herbal substances:
Full marketing authorization unprocessed plants
(2) Well-established use

(3) Traditional use

No, but for
Functional claims
harmonization
allowed
purposes, there is a
list of permitted
vitamin or mineral
preparations that can
be added for specific
nutritional purposes in
food supplements; the
marketing of products
containing vitamins
and minerals not listed
is prohibited.
Three (3) types of
Registration
procedures:
(1) The centralized
procedure

Permitted claims:
Herbal medicinal
product for…
Herbal preparations:
Major claims
extracts
(Grade A ): … for
treatment or
prevention of a
serious disease
Herbal medicinal
(2) The mutual
Medium claims
products: any medicinal recognition procedure (Grade B): … for
product containing as
relief of symptoms
active ingredient one or
of a disease
more Herbal Substances (3) The 27 national
Minor claims
or Herbal Preparations procedures of the
(Grade C): … for
Member States
relief of symptoms
(differences among the of a disease that
individual legislations does not require a
exist)
medical diagnosis
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Food
Supplements

Food

Herbal Drugs

Drugs

Herbal
Remedies

Drugs

Herbal Remedies:
No (only a permission
Traditional knowledge as is required)
support for efficacy

Food

Products intended to
increase dietary intake,
by supplementing the
incorporation of
nutrients in the diet of
healthy persons who
need to complement
their daily diet
Medicines not meeting
the criteria for drugs
specified in the law and
having as active
principle vegetable
material or mixtures of
vegetable material
and/or preparations of
vegetable material,
traditionally used for
medicinal purposes and
not containing active
substances chemically
defined or their mixtures
even when they were
isolated from plants
In the daily diet of a
healthy person, in cases
where their intake from
the diet is insufficient or
requires
supplementation

A rgentina Dietary
Supplements

Phytomedicines Drugs

Brazil

A nnex I–Food
Products with
no registration
requirement
4300041–
V itamin
Supplement and
or Mineral
Supplement
(A nnex I)

V itamins alone or in
combination with one
another; minerals alone or
in combination with one
another; association of
vitamins and minerals;
products and natural
sources of vitamins or
minerals

Carbohydrates, proteins, No
amino acids, fatty acids,
metabolites, plants,
herbs, algae, dehydrated
traditional food, in
isolated form or in
combination. V itamins
or minerals may be
added.
Herbal Drug: Sufficient Yes
information about
efficacy and safety with
modern clinical trials

Yes, before marketing

No registration
required

Claims are not
permitted for food
supplement
products

Drug claims
allowed for O TC
Herbal Drugs.
Drug claims are
not allowed for
Prescription
Herbal Drugs.
Traditional claims
allowed for Herbal
Remedies (only
“to relieve
symptoms, not for
therapeutic use”)
Therapeutic and
claims not
scientifically
supported are not
allowed.

Traditional
medicines

No. Resolution RDC
No claim allowed
27/2010 determines for products in
that such category
A nnex I
does not require
registration, according
to the definition.
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Phytomedicines Drugs

India

Foods for
Foods
Special Dietary
Uses;
Functional
Food;
Nutraceutical
or Health
Supplement

A yurveda,
Unani, and
Siddha
Patent or
Proprietary
Medicines
derived from
A yurveda,
Unani, and
Siddha
ingredients

Traditional medicines

Phytomedicines are
considered those
obtained with exclusive
use of active raw
vegetables, whose
effectiveness and safety
are validated through
ethnopharmacological
surveys, use,
technoscientific
documentation, or
clinical evidence, and do
not contain active
substances chemically
defined or their mixtures
even when they were
isolated from plants.
Foods that are specially
processed or formulated
in order to satisfy
particular dietary
requirements that exist
because of particular
physiological or physical
conditions and that are
processed as such
wherein the composition
of these foodstuffs must
differ significantly from
the ordinary food of
comparable nature, if
such ordinary food
exists one or more of the
following ingredients: (i)
Plants or botanicals in
the form of powder,
concentrates, or
extracts in water, ethyl
alcohol, single or in
combinations
(ii) Minerals, vitamins or
proteins (amounts not
exceeding recommended
daily allowance for
Indians) or enzymes
(iii) Substances from
animal origin
(iv) a dietary substance
used by human beings to
supplement the diet by
increasing the total
dietary intake
A yurvedic, Siddha, and
Unani ingredients are
defined as included in
the traditional books
recognized by India

Yes, required by
Resolution A NV ISA –
RDC N 14/2010

Traditional
medicine claims
acceptable
provided the
product is
registered
according
resolution RDC
14/2010

No, but product must Yes
comply with the
requirements of The
Food Safety and
Standards A ct (2006).

Commercial
Yes, traditional
manufacturing of
medicinal claims
A yurvedic medicines is
licensed, and
practitioners are
required to be
registered.
Requirements for
demonstration of
safety and
effectiveness vary
according to
classification.
A mendment published
in Gazette of India
#441, 10 A ugust
2010
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Health Food
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Food, dietary supplement, Food that has specified
or on a case-by-case basis. health functions,
suitable to be taken by
specified group(s) of
people, and for the
regulation of the
functional states of the
human body and not
used for the treatment of
diseases

Traditional
TCM
Chinese
Medicines
(TCM)
Complementary A s a drug. Classified as
Medicines
listed and registered
medicines according to
health risk. Listed
medicines are low-risk
medicines and may contain
only ingredients that have
been evaluated by the TGA
to be low risk, must be
manufactured by licensed
manufacturers in
accordance with the
principles of GMP, and may
carry indications only for
health maintenance and
health enhancement or
certain indications for
nonserious, self-limiting
conditions. Registered
medicines are medicines
that are assessed to be of
higher risk and are
individually evaluated for
quality, safety, and efficacy.

Dietary
Supplements

Food

Natural Health Drug
Products or
Complementary
Medicines

Yes, all health food
products sold within
China must be
approved and
registered with SFDA ,
which assesses and
examines the security,
effectiveness, quality
control, and labeling of
products.

Yes.

A therapeutic good
consisting wholly or
principally of one or
more designated active
ingredients, each of
which has a clearly
established identity and
a traditional use.
Traditional use means
use of the designated
active ingredient that is
well documented or
otherwise established
according to the
accumulated experience
of many traditional
healthcare practitioners
over an extended period;
and accords with wellestablished procedures
of preparation,
application and dosage.

A product taken by
mouth that contains a
dietary ingredient
intended to supplement
the diet, e.g., vitamins,
minerals, herbs or other
botanicals, amino acids,
and substances such as
enzymes, organ tissues,
glandulars, and
metabolites
Products that are
presented in therapeutic
dosage forms and
contain ingredients such
as vitamins and
minerals or other
substances derived from
nature

Health food can
promote only its
approved health
function(s) on its
label and
advertisement,
e.g., enhancing
immune function,
assisting blood
lipids reduction,
assisting blood
sugar reduction,
assisting memory
improvement, etc.
Traditional
medicine claims
(yin–yang, heat–
cool)
Listed
complementary
medicines may
carry only
indications and
claims for the
symptomatic relief
of conditions
(other than
serious disease,
disorders, or
conditions), health
maintenance,
health
enhancement, and
risk reduction.
Registered
medicines are
permitted to make
claims regarding
treatment and
mitigation of
diseases.

Complementary
medicines require
premarketing
assessment and either
the listing or
registration process.
Complementary
medicines comprise
traditional medicines
as well as medicinal
products containing
herbs, vitamins,
minerals, and
nutritional
supplements,
homoeopathic
medicines and certain
aromatherapy
products. Each
A ustralian
manufacturer of
medicinal products for
human use is required
to hold a manufacturing
license under the
Therapeutics Goods
A ct of 1989.
No registration. O nly No disease
proper label required
claims;
structure/function
allowed

Is currently working
Will permit
jointly with A ustralia to therapeutic claims
implement a scheme to to be made
regulate
complementary
medicines. Intent is to
create a national
register for these
products
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Foods for
Classified as FO SHU or
Specific Health FNFC based on their
Use (FO SHU) product claims
and Food and
Nutrient
Function
Claims (FNFC)
based on their
product claims

Kampo

Traditional medicines

FO SHU is food
containing functional
ingredients that affect
physiological and other
functions of the body
and can be used to
promote and maintain
health or for specific
healthcare purposes.
FNFC are standardized,
preapproved product
claim statements for
certain vitamins and
minerals with
established benefits.
Kampo medicine (similar
to TCM)
Folk medicine

No, government
approval required for
FNFC claims, because
they are standardized
and preapproved.
FO SHU claims must
provide evidence to the
government of the
product's physiological
effect, quality control
processes, and safety
before marketing.

Regulated under the
Pharmaceutical A ffairs
Law (no distinction
from pharmaceutical
medicines); standards
for medicinal plant
materials are included
in Japanese
Pharmacopoeia,
Japanese Herbal
Medicine Codex, and
Japanese Standards for
Herbal Medicines
Russia
Biologically
Classified as food but
Components of natural Yes, strict control and
A ctive Food
divided into nutraceuticals substances or ones that registration of
Supplements
and parapharmaceuticals. It are identical to natural conformity declaration
(BA FS)
also may contain eubiotics. substances. Designed to required
It cannot contain
be taken directly or to
pyschotropic or narcotic
be added to food in order
substances.
to enrich the human
dietary intake with
active substances or
their complexes
Herbal
Drug
Drug product
The law or regulation
Medicines
manufactured or
for herbal medicines is
prepared from one or
the same as for
more herbal substances conventional
pharmaceuticals. It is
registered as a drug
product.
Singapore Food
Q uasimedicinal products: A product that is used to Not subject to
Supplements or traditional medicines;
supplement a diet with premarket approval
Supplements of health foods with vague and benefits beyond those of and licensing for their
a Food Nature general medicinal claims
normal nutrients and/or importation,
to support or maintain
manufacture, and sales
the healthy functions of if dose is not specified.
the human body
The Health
Supplements Unit of
the Health Sciences
A uthority (HSA )
requests the
submission of their
“Enquiry Form on
Health Supplements”
along with a safety
evidence dossier.

Standardized and
approved claims
are permitted for
FNFC products.
FO SHU claims
permitted after
government
approval

Same as drugs

A dvertisement of
BA FS is strictly
controlled. No
claims to treat or
cure diseases
allowed

Drug claims

Claims to treat
diseases or
disorders are
prohibited. Certain
categories of
health
supplements such
as vitamins and
mineral
preparations for
supplementation
or prevention of
deficiency
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Traditional
Medicines

Drug

Taken for medicinal
Registration depending
purposes:
on dose, dosage
formats, and claims
Malay traditional
medicine
TCM
Indian traditional
medicines
Western pharmaceutical
drugs with qualified
claims

Herbal Food
Products,
V itamin and
Mineral
Products

Food

No

Herbal
Medicines

Drug

Egypt

Herbal
Medicines
Including
Dietary
Supplements

Herbal medicines are
regulated as prescription
medicines, over-thecounter medicines, selfmedication, and dietary
supplements.

Nigeria

Herbal
Medicines

Herbal medicines are
regulated as dietary
supplements, health foods,
functional foods, and as an
independent regulatory
category.

Herbal food products or
vitamin food supplement
are intended only to
supplement food.
V itamins in doses below
RDA s
Herbal medicines, i.e.,
herbal supplements,
vitamins in doses above
RDA s, herbal drugs, and
minerals are considered
drugs
A ny product that will be
taken orally to improve
the human diet in order
to improve body
functions and
performance. The
dietary supplement is
not considered a drug or
an alternative for food
and is not used alone to
treat, diagnose, or
prevent diseases.
Drug

Turkey

Food
Supplements

Food if intended for
particular nutritional uses

Food supplements are
vitamins, minerals, other
substances such as
amino acids, essential
fatty acids, various
plants, and herbal
extracts, whether single
or in mixtures.
O ver-the-counter medicine Phytomedicines used
if herbal medicine
traditionally
Food
Nutritional supplement
means any nutrient
preparation intended to
supplement the diet by
increasing the total
dietary intake of such
nutrient(s).

No

Jordan

South
A frica

Herbal
Medicines
Nutritional
Supplements

Herbal medicines,
herbal products, and
vitamins and minerals
products require
registration.

Some herbal
traditional
medicines
(intended for
medicinal
purposes based
on traditional
usage) and
medicated
beverages are
subject to medical
advertisement
controls.
Nutrient content
and
structure/function
claims may be
made.
Medical, health,
and
structure/function
claims may be
made.

Yes, to the Department Medical, health,
of Dietary Supplements and nutrient
content claims are
permitted for
herbal medicines.

Yes, herbal medicines
must be registered and
are sold without
restriction by licensed
practitioners.

Registration of herbal
medicines required
Yes

Claims that may
be made about
herbal medicines
include health,
nutrient content,
and
structure/function
claims.
The Turkish Food
Codex prohibits
the inclusion of
statements like
“prevents or cures
disease“ on
labels.
Traditional claims
Claims allowed
and classified into
two categories: 1)
low: health
maintenance
including
nutritional support
not related to a
specific disease
claim; 2) medium:
health
enhancement.
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A medicine that is used Yes: classified in
or intended to be used Schedule 0, 1, 2, or 3
for or is manufactured or
sold for use in assisting
the innate healing power
of a human being or
animal; and in
accordance with the
practice of the
professions regulated
under the A llied Health
Professions A ct, 1982
(A ct 63 of 1982).

Claims allowed
and classified into
two categories: 1)
low: health
maintenance
including
nutritional support
not related to a
specific disease
claim; 2) medium:
health
enhancement; and
3) high:
treat/cure/manage
disease or
disorder.

a Government authorization for market access can be gained by notification, listing, and licensing in addition to registration.
b Substances listed in Schedule 1 to the National Health Product Regulations (“Schedule 1 Substances”) include:
A plant or a plant material, an alga, a bacterium, a fungus or a nonhuman animal material
A n extract or isolate of a substance described in item 1, the primary molecular structure of which is identical to that
which it had before its extraction or isolation
A ny of the following vitamins: biotin, folate, niacin, pantothenic acid, riboflavin, thiamine, vitamin A , vitamin B6,
vitamin B12, vitamin C, vitamin D, vitamin E, vitamin K1, or vitamin K2
A n amino acid
A n essential fatty acid
A synthetic duplicate of a substance described in any of items 2 to 5
A mineral
A probiotic.

1 See the Appendix for a list of members and USP staff.
2 C orrespondence should be addressed to: Gabriel I. Giancaspro, PhD, Director, Dietary Supplements, US
Pharmacopeial C onvention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8343; e-mail
gig@usp.org.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Signal-to-Noise Measurements from Chromatographic Data
John V. Hinshawa and John W. Dolanb,c
ABSTRACT This Stimuli article discusses the measurement of the signal-to-noise ratio (S/N) in
gas chromatography and high-performance liquid chromatographic applications. The article
reviews procedures for manual and electronic measurement, as well as recommendations from
the scientific literature and regulatory agencies. Monograph procedures should continue to use
manual S/N measurement because this procedure is much less subject to data-collection
conditions than is electronic determination of S/N. The article shows that a simple correlation
between manual and electronic (root-mean-square, RMS) measurements does not exist. The
authors suggest that RMS measurement procedures should be allowed but only under defined
conditions that have been shown to correlate with manual measurements.
INTRODUCTION
The signal-to-noise ratio (S/N) is a vital measurement for the determination of the lower limits
in quantitative analysis of gas chromatography (GC) and high-performance liquid
chromatography (HPLC) methods. Of particular interest are the measurement of the limit of
detection (LOD) and lower limit of quantitation (LLOQ; also limit of quantitation, LOQ), because
S/N is a primary factor in the determination of the imprecision of the procedure at these
concentrations of analyte. [Note—Section 6.0 of this article is an appendix with definitions of
terms. ]
Unfortunately, analysts do not agree about the procedure to measure S/N, and, as a result, the
S/N value stated in different methods or procedures may describe different measurements. Of
particular interest are two procedures to measure S/N: peak-to-peak (p-p) and root-meansquare (RMS). P-p measurements tend to be made manually whereas RMS is determined most
commonly with data-system software. The values of S/N determined by p-p and RMS
measurements are not necessarily correlated.
The purpose of this Stimuli article is to describe p-p and RMS noise measurements and to
examine what, if any, relationship exists between the two measurement procedures. The
authors make a proposal for the determination of S/N in USP general chapter Chromatography
621

and show how the value of S/N relates to LOD and LLOQ.

1.0 DEFINITIONS: MEASUREMENT PROCEDURES, PROCEDURE LIMITS
First, we examine the various procedures that are used to measure S/N and show how S/N
relates to the lower limits of a procedure.
1.1 Measurement Procedures
1.1.1 PHARMACOPEIAL STANDARDS FOR S/N
Currently the US Pharmacopeia (USP) (1) and the European Pharmacopoeia (EP) (2) are
harmonized as of USP 34. As shown in Figure 1, S/N is defined using
S/N = 2H/h

(1)

where H is the peak height from the middle of the noise band to the top of the peak. The value
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of h is the “difference between the largest and smallest noise values observed over a distance
equal to at least five times the width at the half-height of the peak and, if possible, situated
equally around the peak of interest” (USP, 1) or the “range of the noise in a chromatogram
obtained after injection or application of a blank, observed over a distance equal to at least 5
times the width at half-height of the peak in the chromatogram obtained with the prescribed
reference solution and, if possible, situated equally around the place where this peak would be
found” (EP, 2). We do not believe that Equation (1) is the correct way to calculate S/N but
rather suggest that Equation (12) should be used (see Section 4.1 and additional discussion in
Section 2). Equation (1) is not used for example calculations in this paper except in Table 1.

Figure 1. Current pharmacopeial procedure to measure signal-to-noise ratio. Adapted from
(1,2).
1.1.2 MEASUREMENT OF SIGNAL (PEAK HEIGHT)
There is little disagreement about the measurement of the signal or peak height. Usually this is
measured from the middle of the noise band to the highest point on the peak (e.g., H in Figure
1), although occasionally the peak height is measured from the top or bottom of the noise
band, or the top of the peak is measured at some other point. The same amount of variability
observed in the baseline should be reflected in all points across a peak (as in the peak in Figure
4), and therefore measurement of the peak height from the highest point implies that there is
additional uncertainty in this measurement. We suggest standardizing on the measurement from
the middle of the noise band to the highest point of the peak, and we will refer to this
measurement as S, which is synonymous with H in Figure 1.
1.1.3 MANUAL MEASUREMENT OF NOISE
The two most common procedures for measuring noise manually are shown in Figure 2. One
procedure is to draw parallel lines that encompass all of the noise, including any spurious
spikes. This has been referred to as Nall (3) to indicate all of the noise is included. Alternatively,
the spurious noise spikes can be ignored and only the core noise included, indicated by Ncore
(3). Manual determination of the core noise is subjective, and both Ncore and Nall measurements
are influenced strongly by data filtering. The data presentation method—chart recording, onscreen view, or printed representation—also affects noise measurements. The subjective
nature of manual noise measurement provides additional motivation for improvement and better
definition. Careful specification of data acquisition and presentation ensures the best degree of
comparison between instruments and laboratories. We use Np-p to refer generically to the peakto-peak baseline noise (not distinguishing between the two measurement procedures) and Nall
and Ncore as in Figure 2 for more specific measurements.
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Figure 2. Comparison of manual noise measurements, Nall and Ncore. Adapted from (3).
1.1.4 ROOT-MEAN-SQUARE NOISE
RMS noise generally is calculated by the chromatographic data system as
RMS = [(S(xi xi)2/n]0.5

(2)

where xi is the signal at point i, xi is the average baseline response, and n is the total number
of data points over which the noise is measured. This is identical to the standard deviation of
the baseline response. RMS noise also is influenced strongly by data filtration but not by
presentation means or subjective positioning of the baseline noise limits, except to the extent
that it is influenced by the choice of the section of baseline used for noise determination.
1.1.5 SAMPLING WIDTH FOR NOISE MEASUREMENTS
Measurement of noise using an Np-p or RMS procedure should include a sufficient number of data
points to be a representative sample. Chapter

621

(1) designates that noise be measured

over 5 w0.5, where w0.5 is the peak width measured at half of the peak height. EP (2) initially
recommended a value of 20 w0.5 but recently changed this to 5 w0.5. If it is assumed that at
least 20 data points are collected across a peak, w0.5

10 points, so the USP and EP

procedures represent a noise determination over 50–200 data points. From a statistical
standpoint this is a suitably representative sample, but, as will be discussed in Section 2, it
may not be a representative sample from a chromatographic standpoint, especially with the
narrow peaks that can be encountered with GC or ultra-high-pressure liquid chromatography
(UHPLC). The drift and/or shape of the baseline can have a profound influence on noise
measurement by either Np-p or NRMS. The defined noise-sampling interval should be close to the
peak(s) of interest yet should not encompass short-term disturbances due to gradient,
pressure, flow, or temperature programming influences.
1.2 Procedure Limits
The general chromatography sections of USP 34, chapter 621 (1) and EP 6.0 Section 2.2.4.6
(2) do not include definitions of procedure limits (e.g., LOD, LLOQ). USP includes guidelines for
procedure limits in chapter Validation of Compendial Procedures 1225 (4). ICH (5) describes
limits in terms of visual evaluation, S/N, and calibration curve characteristics, and these are
highlighted in the discussion below. FDA's bioanalytical method validation guideline (6) includes
method limits described in terms of analytical imprecision.
1.2.1 LIMIT OF DETECTION
LOD is defined as the lowest concentration of analyte that can be detected but not necessarily
quantified (7). The reported LOD for a procedure can be based on a number of criteria,
including visual evaluation, S/N, calibration curve characteristics, and statistical performance.
Each of these criteria is discussed briefly below.
1.2.1.1 Visual evaluation. ICH (5) lists visual evaluation as one possible criterion for
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determination of LOD: “The detection limit is determined by the analysis of samples with known
concentrations of analyte and by establishing the minimum level at which the analyte can be
reliably detected.” For example, in Figure 3 most workers would agree that there is a peak at
5.24 min in (c) and not in (d), but this definition is vague and subject to operator bias. We do
not recommend its use because other more quantitative techniques are available. However,
visual evaluation may be appropriate confirmation that a selected LOD is reasonable.

Figure 3. Analyte peaks at 5.23–5.25 min at concentrations yielding heights at defined
multiples of RMS (= 2.2 × 10 4 M). (a) 10 × RMS (2.2 × 10 3 M); (b) 5 × RMS (1.1 × 10 3
M); (c) 3 × RMS (6.6 × 10 4 M); (d) 1 × RMS (2.2 × 10 4 M). Adapted from (8).
1.2.1.2 Signal-to-Noise Ratio. ICH (5) defines LOD in terms of S/N as a ratio of 2:1 or 3:1,
and the same ratios are implied in USP (4). The American Chemical Society (9) defines LOD as
S/N 3 for environmental applications. The S/N = 3 ratio is a commonly accepted value by
many workers. However, it should be noted that the measurement procedure to determine S/N
(S/Ncore, S/Nall, etc.) is not defined by ICH. In Figure 4, a portion of the chromatogram from
Figure 3c has been expanded to allow manual determination of Nall, Ncore, and S ( H), as
shown. Use of the measured values gives S/Nall = 1.05, which is substantially less than the 2:1
or 3:1 recommendations of ICH. S/Ncore = 2.15, but others' manual determinations of Ncore could
place the S/Ncore level somewhat above or below 2:1. Thus it can be seen that visual
determination of LOD (Section 1.2.1.1) and manual measurement of S/Np-p may give different
values of LOD.

Figure 4. Expanded section of Figure 3c including baseline from 4 to 7 min. Solid lines added to
show Nall, Ncore, and NRMS; single lines added to show center of noise and top of peak for
determination of Ncore.
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1.2.1.3 Root-Mean-Square Ratio. The determination of LOD by the RMS ratio is not
mentioned in the ICH document (5). The calculated value for Figure 3c is S/NRMS = 3.1, which
seems compatible with the ICH S/N definition (S/N = 3:1). However, S/NRMS is not the same as
the manual determination of S/Np-p for the chromatogram of Figure 4, because NRMS << Nall or
Ncore, further confusing matters.
1.2.1.4 Calibration Curve Characteristics.
The ICH guidance (5) contains a definition of LOD based on the performance of the calibration
curve:
DL = (3.3

)/S

(3)

where DL is the detection limit (LOD), is the standard deviation of the response (calculated
from the calibration curve or measured from blank injections), and S is the slope of the
calibration curve. Determination of LOD using this procedure is most easily calculated using a
regression algorithm, e.g., in Excel. Using manually measured peak heights from Figure 3, DL =
LOD = (3.3 × 3.50)/(2.41 × 104) = 4.8 × 10-4 M. This represents a peak size approximately
halfway between the peak heights of Figure 3c and Figure 3d. In the comparison of Table 1, it
can be seen that the different procedures for measuring S/N, and thus LOD, give widely
differing values.
1.2.1.5 Statistical Performance. Whenever LOD is determined by one of the techniques
discussed above, it is best to confirm adequate precision by injecting a suitable number of
samples formulated at or near the LOD concentration (5). With the example of Figure 3c, where
S/NRMS = 3.1 (S/Nall = 1.05 and S/Ncore = 1.43), injection of 6 replicates at this concentration
gives 4.25% relative standard deviation (RSD) (8) (Table 1). Note that the %RSD determined in
this manner accounts for imprecision from replicate injections of the same sample, which
combines imprecision (coefficient of variation, CV) of the injector (CVinj) and imprecision as a
result of S/N (CVS/N). Overall procedure imprecision includes errors from other sources (e.g.,
sample preparation)—see further discussion in Section 2. Because the different ways of
measuring S/N (and thus LOD) yield different results, we recommend that the final decision
about LOD for a procedure should always be based on a demonstrated value of precision
calculated from injected samples at the proposed LOD. Generally such samples are replicate
extractions of a homogenous sample spiked with reference standards at the proposed LOD
concentration.
1.2.2 Lower Limit of Quantification (LLOQ). LLOQ is defined as the lowest concentration of
analyte that can be quantified with acceptable precision and accuracy (4,7). As with LOD, the
LLOQ for a procedure can be based on different criteria, including visual evaluation, S/N,
calibration curve characteristics, and statistical performance. The same procedures as
discussed in Section 1.2.1 are used.
The typical criterion for S/N is 10:1 (4,5) (the noise measurement procedure is not necessarily
specified). For calibration curve characteristics, ICH (5)] defines the quantitation limit, QL
(same as LLOQ) as
QL = (10

)/S

(4)

In the same manner as outlined in Section 1.2.1.4, the LLOQ for the chromatograms of Figure 3
is (10 × 3.50)/(2.41 × 104) = 1.5 × 10 3 M. This is equivalent to a signal midway between
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Figure 3a and Figure 3b. As was the case for LOD determination, the data of Table 1 show that
the numeric value of S/N (and thus LLOQ) varies with the noise-measurement procedure.
As is true for LOD, any estimation of LLOQ should be confirmed by injection of a suitable
number of replicate samples at or near the LLOQ (5). For the chromatogram of Figure 3a, 6
replicates at this concentration yield 4.07% RSD (8) (Table 1).
2.0 THE SCIENTIFIC BASIS OF NOISE
In 1987, EP adopted the definition of S/N of Equation (1) (10) based on the work of Foley and
Dorsey (11) and Knoll (12). Later work by Sun et al. (3) is particularly illuminating on this topic.
Some key points from these publications are discussed below.
Foley and Dorsey (11) set about clearing up confusion about estimating LOD. They use an
earlier definition from the International Union of Pure and Applied Chemistry (13) for
spectrochemical analysis:
LOD = 3 SB/S

(5)

where SB is the standard deviation of the blank (equivalent to the SD of the response,

; as

defined below, = Np-p/5), and S is the slope of the calibration curve. This is the same as the
ICH LOD definition of Equation (3), except for a constant of 3 instead of 3.3. Foley and Dorsey
go on to define
NRMS = Np-p/5

(6)

where the factor 5 arises from the assumption that the noise is Gaussian, so that is 1/5 of
the p-p noise. They also specify that the noise should be measured over at least 20 peak
widths and in the region of the analytical peak. Their discussion continues by noting that the
factor of 5 in Equation (6) should be reduced if periodic fluctuations in the baseline are present
and that the factor may vary with the nature of the fluctuations.
Knoll (10) uses a slightly different approach to determination of LOD (and LLOQ). The key
difference is that the Knoll procedure measures noise by the height of the largest deviation
from the baseline (positive or negative) and multiplies this by a factor based on the number of
peak half-widths over which this height is obtained.
Based on the work of Foley and Dorsey, plus Knoll, EP (10) concluded that
SB = Np-p/2.0965

(7)

which is rounded to
SB = Np-p/2

(8)

where SB is the standard deviation of the blank (baseline), and Np-p “is the amplitude of the
noise in the observation window (following the publication of Knoll)” (10). The recommended
observation window is 20 peak half-widths, and it isn't clear whether the Knoll reference as
used by EP refers to just the observation window or the noise measurement, too. It appears to
us that Equation (8) is based on the Knoll noise measurement, which is the largest deviation
from the baseline and represents approximately half of Np-p as defined in Section 1.1.3 and
shown in Figure 2. That is, in Equations (7) and (8) SB estimates Knoll's largest deviation from
the baseline, not of the baseline. In the context of Knoll's measurements, however, the p-p
baseline noise would be approximately 4 SD, a common assumption for Gaussian distributions,
and similar to Equation (6), where the assumption is 5 SD. It appears to us that the EP
estimates of SB in Equations (7) and (8), and thus Equation (1), are

2–2.5-fold too large
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(depending on whether Np-p is assumed to be 5 , as in Equation (6), or 4 ).
It is commonly assumed, as Foley and Dorsey stated, that a direct relationship can be made:
NRMS = Np-p/c

(9)

where c is a constant [e.g., c = 5 in Equation (6)]. This makes sense if the assumption is made
that the chromatographic baseline noise is a Gaussian distribution (i.e., random). However, this
is not the case and, as is eloquently discussed by Sun et al. (3), is highly dependent on how
noise filtering is applied. Without going into the details discussed in (3), two examples will
illustrate the problem.
In the first case, shown in Figure 5, increased noise filtering (shown here as window width but
commonly implemented as the detector time constant) has the expected result of reducing
noise in all cases. For Ncore and Nall the lines are parallel, indicating a constant relationship
between these two values, as expected. Note, however, that the slope of the NRMS line is not
parallel to the other two. The Nall/NRMS ratio varies from 9 at 0.1 s to 5.7 at 1 s (3). The
authors go on to show in other examples that the type of detector, type of baseline noise, and
type and amount of noise filtering all influence the relationship between Np-p and NRMS. Figure 6
contains a cartoon illustrating the effect of the type of noise on the calculations. In each case,
the p-p noise is constant, but the Np-p/NRMS ratio varies from 4.5 to 2.5 (3). The obvious
conclusion is that although a relationship such as that of Equation (9) would be very useful, it
cannot be applied universally and reliably for GC or HPLC methods.

Figure 5. Comparison of Nall, Ncore, and NRMS with different noise filtering (window width)
applied. Data obtained from a flame photometric detector (GC-FPD). Adapted from (3).
Both the Foley and Dorsey (11) and Knoll (12) articles emphasize the need to collect noise over
a sufficiently large section of baseline so that it is representative of the chromatogram. From a
statistical standpoint, 50–100 data points are likely to be sufficient if one assumes that the
noise is randomly distributed. Unfortunately, chromatographic noise often includes noise signals
of different frequencies, resulting in short-term fuzz and longer-term wander, as can be seen in
the baseline of the 7–10 min region of Figure 3c. If the peak half-widths are sufficient (e.g., 30
s), 5–20 half-widths of data (150–600 s) are likely to be sufficient to include both kinds of
noise. But for capillary GC and narrow HPLC peaks that may be generated by some sub–2-µm
particle UHPLC columns, half-height peak widths of 5 s or less may be observed. In such cases,
5–20 peak widths of noise data (25–100 sec) may be insufficient to obtain a representative
sample of noise. Note that baseline drift does not influence the S/N measurement for p-p
measurements if the manually drawn noise-limit lines are parallel to the drift, as in Figure 4.
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Figure 6. Cartoons of various noise forms and their influence on Np-p/NRMS. Adapted from (3).
3.0 INFLUENCE OF S/N ON PROCEDURE IMPRECISION
One purpose of having a definition of S/N is to allow a simple measurement of a chromatogram
that somehow can be related to data quality. The LOD might be defined as “I am confident that
there's a peak present, but I can't tell you how much is there.” Similarly, the LLOQ might be “I
am confident there is a peak present, and I can tell you how much is there with x amount of
uncertainty.” The level of confidence, uncertainty, or imprecision can be estimated based on
some simple assumptions (14). For example, if we assume = Np-p/4 (acknowledging the
dangers of such assumptions as discussed in Section 2), we can estimate the uncertainty in
measuring the peak height. Three measurements are required (the baseline before the peak,
the top of the peak, and the baseline after the peak), so the error is approximately 30.5
1.7 (Np-p/4)

Np-p/2. The coefficient of variation then is
CV

100(Np-p/2)/S

50/(S/Np-p)

(10)

Thus, for LLOQ defined as S/N = 10, the uncertainty (1 SD) would be 50/10 = 5%.
The overall procedure uncertainty comprises other factors than the uncertainty assigned to S/N
errors. The general form for expressing overall procedure uncertainty is
CVprocedure = (CV1 2 + CV2 2 + ... + CVS/N 2 + ... + CVn2)0.5

(11)

where the overall procedure CV is the square root of the sum of squares of all contributing
uncertainties such as weighing, sample preparation, and injection and that caused by S/N. From
this, a simple rule of thumb can be derived: in order to have an insignificant effect (< 15%) on
the overall CV, a single contributing factor should have a CV of no more than half the desired
total.
We will use two examples to demonstrate internal consistency between S/N measurements and
procedure imprecision if we use S/Np-p as the measure of S/N. First, consider a bioanalytical
procedure such as a drug in plasma, which might be regulated by FDA with a requirement that
the procedure must be validated to show variability (1 SD) of no more than ± 20% at the LLOQ
(6). To have a procedure that performs routinely within the desired limits, most workers would
like to validate the procedure under more rigorous requirements, such as half the allowed
imprecision or ± 10% in this case. Using the example above of S/Np-p = 10, we saw that this
would convert to CVS/N

5% [Equation (11)]. We want this to be less than half of the desired

procedure CVprocedure 10%, so it can be seen that an LLOQ with S/N = 10 is reasonable in
this case.
For the second example, consider a high-precision procedure such as a pharmaceutical content
procedure for which it must be demonstrated that the product is within ± 2% of the label claim.
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For such a procedure, validation requirements would be expected to allow imprecision of no
more than 1% and more likely

0.5% at the 100% content level. S/N = 100 would convert to

CVS/N 0.5%. This is marginally acceptable, so it is likely that sufficient sample would be
injected to generate S/N = 100–200 for satisfactory results. This scenario also agrees with
practical experience for such procedures
4.0 RECOMMENDATIONS
Based on the discussion above, we recommend the following:
4.1 Definition of S/N
We feel that S/N can be measured most consistently based on manual measurements of peak
height and baseline width from the chromatogram. Thus,
S/N = S/Np-p

(12)

with S and Np-p defined as in Sections 1.1.2 and 1.1.3 and not as in Figure 1 or Equation (1).
This definition has value in terms of historical familiarity and a reasonable amount of
consistency. It also is easy to relate to visual evaluation of chromatograms for quality and the
confidence the analyst has in the presence or absence of a peak. Alternative definitions of
S/NRMS should be allowed for practical application of methods, as discussed below in Section 4.5
but should not be used as the primary definition of S/N in a procedure monograph.
4.2 Measurement of Signal
The signal, S ( H in Figure 1), should be measured as shown in Figure 4, where the height is
measured from the best estimate of the center of the noise band to the highest point on the
peak.
4.3 Measurement of Noise
The noise should be measured as the width of the baseline noise band as shown in Figure 4.
Because of the relatively large amount of uncertainty inherent in measurements near the LOD
and LLOQ, it is rather academic to argue whether the noise should be measured as Nall or Ncore,
so both procedures should be described and allowed.
4.4 Noise Measurement Interval
An adequate representation of the noise can be compromised if the measurement interval is too
small, as discussed in Section 2. We recommend that the noise measurement should be taken
over an interval of 5 half-height peak widths or 30 s, whichever is larger. This requirement
allows adequate noise evaluation for narrow as well as broad peaks. The noise-measurement
interval should end just before the peak starts to rise, should start just after the peak returns
to baseline, or should include sections of baseline just before and after the peak.
4.5 Use of RMS Noise Measurements
Measurement of noise using the RMS method is convenient and automatic with many data
systems today. However, because of the variability of S/NRMS with chromatographic conditions,
as highlighted by Sun et al. (3) and discussed in Section 2, RMS noise should not be used as
the primary definition of S/N in monographs. The use of RMS noise in such a manner may make
procedures very difficult to transfer from one system or laboratory to another.
In spite of the shortcomings of S/NRMS, its convenience and consistency under carefully
controlled conditions make it a valuable tool for the practical application of a procedure. Users
of compendial procedures should be allowed to establish S/NRMS system suitability criteria as
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long as they have been documented to correlate with S/Np-p measurements described in a
monograph. For example, conditions to satisfy a monograph requiring LLOQ

10:1 S/N might

result in S/NRMS 35 under the same conditions. Once this correlation is demonstrated and
documented (e.g., demonstrate that S/NRMS = 3.0 Np-p under method operating conditions), the
RMS procedure could be used for system suitability purposes. In a similar spirit, a procedure
that is developed in a laboratory and relies on S/NRMS for system suitability should require that
the same procedure be capable of meeting S/Np-p standards.
4.6 Converting S/Np-p to S/NRMS
Although it is highly desirable to use a conversion factor to convert p-p noise measurements to
RMS ones or vice versa, the work of Sun et al. (3) as discussed in Section 2 and demonstrated
in Figure 5 makes it clear that such conversions are not realistic. Assumptions of fixed ratios,
as in Equation (9), are convenient for general estimates such as those made with Equations
(10) and (12), but fixed ratios vary too much with the type of noise and the type and amount
of noise filtering to be reliable for more than gross estimates in chromatographic applications.
4.7 Alternate Use of Peak Area
The definitions above are based on peak height. LOD and LLOQ, which depend on S/N, depend
more critically on peak height than peak area. That is, for very small peaks the determination of
their presence or absence depends more on the peak height than the area, even if area is used
for quantitation. Procedure limits based on peak area should be allowed using the same
principles as discussed above in Section 4.6 for RMS noise. In other words, any peak-area
standards developed within a laboratory using a compendial procedure also should meet the
peak-height requirements for S/N.
4.8 Definitions of LOD and LLOQ
With the definitions of signal and noise noted above in Sections 4.2 and 4.3, the existing
definitions for LOD of S/Np-p = 3 and for LLOQ of S/Np-p = 10 are adequate. These have been
historically acceptable and make practical sense, as discussed in Section 3. However, from a
practical standpoint, adequate precision always should be demonstrated for LOD and LLOQ by
injecting samples at the proposed LOD or LLOQ concentration.
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6.0 APPENDIX: DEFINITIONS
c: a constant, as in Equation (9)
CV: coefficient of variation (= %RSD/100)
CVx : CV due to factor x, where x = inj (injector), S/N, etc.
DL: detection limit [ICH (5)] LOD
GC: gas chromatography
h: width of noise (USP and EP methods)
H: peak height (USP and EP methods); S
HPLC: high-performance liquid chromatography
n: total number of data points over which the noise is measured
Nall: manual measurement of noise including all spurious peaks; see Figure 2
Ncore : manual measurement of noise ignoring spurious peaks; see Figure 2
Np-p : manually measured peak-to-peak noise without distinction of measurement technique
(Ncore or Np-p)
NRMS: noise measured by RMS procedure
QL: quantitation limit [ICH (5)] LOD
RMS: root-mean-square; equivalent to SD
%RSD: percent relative standard deviation (= CV × 100)
S: signal (peak height); also slope of the calibration curve [ICH (5), Equations (3), (4), and
(5)]
SB: standard deviation of the blank (11,13)
SD: standard deviation
SE: standard error
S/N: signal-to-noise ratio
UHPLC: ultra-high-pressure liquid chromatography (also UPLC)
w0.5: peak width measured at half of the peak height
xi: signal (noise) measured at point i
xi: average signal (noise)
: standard deviation of the response [ICH (5)]; equivalent to SE of the calibration curve
Table 1. Comparison of S/N Values Obtained with Various Measurement Procedures
S/N for specified measurement
technique
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allb

a
10
2.89
b
5
2.00
c
3
1.05
d
1
0.76
a Data from (8).
b Manual measurement.
c = 2 × S/Ncore

coreb
4.33
3.09
1.43
1.08

Equation
8.66
6.18
2.86
2.16

(1)c

%RSDa (n =
6)
4.07%
3.56%
4.25%
n/a

S/Ncore/S/Nall
1.50
1.55
1.36
1.42

a Otago LLC , 20614 NW Quail Hollow Drive, Portland, OR 92779
b LC Resources, 15664 SE Woodland Heights, Amity, OR 97101
c C orrespondence should be addressed to: Horacio Pappa, PhD, Principal Scientific Liaison, US Pharmacopeial
C onvention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; tel. 301.816.8319; e-mail hp@usp.org.
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NF MONOGRAPHS
Isobutyl Alcohol [NEW] (USP36-NF31 2S)

USP MONOGRAPHS
Acyclovir (USP36-NF31 2S)
Albuterol Extended-Release Tablets [NEW] (USP36-NF31 2S)
Aminobenzoic Acid (USP36-NF31 2S)
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Bethanechol Chloride (USP36-NF31 2S)
Bethanechol Chloride Injection (USP36-NF31 2S)
Bethanechol Chloride Tablets (USP36-NF31 2S)
Butalbital (USP36-NF31 2S)
Capsicum (USP36-NF31 2S)
Capsicum Oleoresin (USP36-NF31 2S)
Carbidopa and Levodopa Orally Disintegrating Tablets [NEW] (USP36-NF31 2S)
Urea C 13 (USP36-NF31 2S)
Cefuroxime Axetil (USP36-NF31 2S)
Cefuroxime Axetil Tablets (USP36-NF31 2S)
Chloroquine Phosphate (USP36-NF31 2S)
Cholecalciferol Capsules [NEW] (USP36-NF31 2S)
Cyclobenzaprine Hydrochloride (USP36-NF31 2S)
Cyclosporine (USP36-NF31 2S)
Cyproheptadine Hydrochloride (USP36-NF31 2S)
Diphenhydramine Citrate (USP36-NF31 2S)
Halobetasol Propionate (USP36-NF31 2S)
Lamivudine Oral Solution [NEW] (USP36-NF31 2S)
Levetiracetam Extended-Release Tablets [NEW] (USP36-NF31 2S)
Lopinavir and Ritonavir Oral Solution [NEW] (USP36-NF31 2S)
Metolazone (USP36-NF31 2S)
Moexipril Hydrochloride Tablets [NEW] (USP36-NF31 2S)
Moexipril Hydrochloride and Hydrochlorothiazide Tablets [NEW] (USP36-NF31 2S)
Nifedipine (USP36-NF31 2S)
Oxazepam (USP36-NF31 2S)
Oxybutynin Chloride (USP36-NF31 2S)
Pancuronium Bromide (USP36-NF31 2S)
Pancuronium Bromide Injection [NEW] (USP36-NF31 2S)
Paricalcitol Injection (USP36-NF31 2S)
Rivastigmine [NEW] (USP36-NF31 2S)
Sipuleucel-T [NEW] (USP36-NF31 2S)
Zinc Acetate Oral Solution [NEW] (USP36-NF31 2S)

STAGE 4 HARMONIZATION
Stage 4 Harmonization

STIMULI TO THE REVISION PROCESS
Stimuli To The Revision Process
Revision of USP General Chapter Deliverable Volume <698>
Revision of General Chapter Radioactivity <821>
Solubility Criteria for Veterinary Drugs
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This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
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section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within 90
Interim
Revision Announcements
days of the PF publication in which the
Revision
(IRAs) that will be published standard was proposed (or per the comment
Announcements as official USP or NF
deadline listed in the Briefing section). Direct
standards
comments to the USP Scientific Liaison using
BRIEFING: Scientific
the contact information provided at the end of
rationale for proposed
each Proposed IRA
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
In-Process
Proposals for standards that Review material and send comments within 90
Revision
will be published as official in days of the PF publication in which the revision
a future USP–NF book or
was proposed (or per the comment deadline
Supplement.
listed in the Briefing section). Direct comments
BRIEFING: Scientific
to the USP Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include other proposed revision. For general inquiries or in
information useful to the
cases where a Scientific Liaison is not
analyst, such as the brand identified, use the general USP telephone
name of the column used in number 301-881-0666 or fax number 301-998developing the proposed
6839 or stdsmonographs@usp.org.
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Colloidal Oatmeal, USP 35 page 2770. On the basis of comments received, it is proposed to
revise the test for Nitrogen Determination to indicate that the analysis should be performed
on the dried basis. Additionally, it is proposed to clarify that the test for Fat Content should
be performed on a previously dried sample.
The comment period for this revision ends September 30, 2012. In the absence of any adverse
comments, it is proposed to implement this revision via an Interim Revision Announcement,
with an official date of January 1, 2013.
(SM3: M. Puderbaugh.)
Correspondence Number—C117383

Comment deadline: September 30, 2012
Colloidal Oatmeal
DEFINITION
Colloidal Oatmeal is the powder resulting from the grinding and further processing of whole oat
grain meeting U.S. Standards for Number 1 or Number 2 oats (7 CFR 810.1001).
IDENTIFICATION
• A.
Analysis: Prepare a smooth mixture of 10 g of Colloidal Oatmeal and 100 mL of warm
water. Stir for 10 min.
Acceptance criteria: The resulting slurry has a characteristic slippery feel and shows the
development of slimy, viscous strands.
• B. A water slurry is colored reddish violet to deep blue by iodine TS.
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IMPURITIES
• Articles of Botanical Origin, Total Ash

561 : NMT 2.5% on the dried basis

SPECIFIC TESTS
Change to read:
• Nitrogen Determination Method I
on the dried basis (IRA 1-Jan-2013)

461 : NLT 2.0%

• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 104 cfu/g; the total combined molds and
yeasts count does not exceed 150 cfu/g.
• Loss on Drying 731
Analysis: Dry a sample at 120 for 4 h.
Acceptance criteria: NMT 10%
• Particle Size Distribution Estimation by Analytical Sieving 786 : NMT 3% of the total
particles exceed 150 µm in size and NMT 20% of the total particles exceed 75 µm in size.
Change to read:
• Fat Content
Sample: 4 g
from material previously dried under vacuum at 100 for about 5 h

(IRA 1-Jan-2013)

Analysis: Dry the Sample in vacuum at 100 for about 5 h.
(IRA 1-Jan-2013)

Extract the fat from it
the Sample (IRA 1-Jan-2013)
with anhydrous ethyl ether, using a continuous extraction apparatus, the extraction period
being 4 h at a condensation rate of 5–6 drops/s. Evaporate the ether from the extract,
transfer it to a tared beaker, and dry at 100 to constant weight. Perform a blank
determination. Calculate the percentage of fat found, corrected for the blank.
Acceptance criteria: NLT 0.2%
on the previously dried basis (IRA 1-Jan-2013)
• Viscosity 911
Sample solution: Transfer 25 g of Colloidal Oatmeal in small portions, with stirring at 1000
rpm over a 1-min period, to 500 mL of water contained in a beaker, maintained at 45 and
equipped with a variable speed mixer. Stir for 5 min after the addition of the last portion of
oatmeal. Allow the suspension to stand for 90 min, and equilibrate to ambient
temperature. Stir the suspension at 800 rpm for 1 min.
Apparatus: Equip a suitable rotational viscometer with a spindle having a cylinder 1.88 cm
in diameter and 6.25 cm high attached to a shaft 0.32 cm in diameter, the distance from
the top of the cylinder to the lower tip of the shaft being 0.75 cm, and the immersion
depth being 8.15 cm (No. 1 spindle).
Analysis: Determine and record the viscosity of the suspension, with the spindle rotating
at 60 rpm. Convert to centipoise by multiplying the reading by the constant for the
viscometer spindle and speed employed.
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Acceptance criteria: The average of three viscosities obtained is greater than 1 and less
than 100 centipoises.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
BRIEFING
Simethicone Emulsion, USP 35 page 4638. Comments were received indicating that the
excipient matrix may interfere with the Infrared Absorption Identification test. The presence
of small amounts of organic emulsifiers in the toluene extract of Simethicone Emulsion may
result in the appearance of additional absorption bands in the spectrum of the Sample
solution, and may also cause a shift of the absorption band near 1085 cm 1, compared to
that of the Standard solution. To address these comments, it is proposed to revise the
Acceptance criteria and include the list of characteristic polydimethylsiloxane bands
expected to be present in the spectrum.
The comment period for this revision ends September 30, 2012. In the absence of any
significant adverse comments, it is proposed to implement this revision via an Interim
Revision Announcement, with an official date of January 1, 2013.
(SM3: E. Gonikberg.)
Correspondence Number—C116566

Comment deadline: September 30, 2012
Simethicone Emulsion
DEFINITION
Simethicone Emulsion is a water-dispersible form of Simethicone composed of Simethicone,
suitable emulsifiers, preservatives, and water. It may contain suitable viscosity-increasing
agents. It contains an amount of polydimethylsiloxane ([–(CH3 )2 SiO–]n) that is NLT 85.0% and
NMT 110.0% of the labeled amount of simethicone.
IDENTIFICATION
Change to read:
• A. Infrared Absorption 197A
[Note—Use the Blank to set the instrument.]
Blank, Standard solution, and Sample solution: Prepare as directed in the Assay.
Analysis: Place a suitable amount of the Sample solution (typically 5–25 drops) in the
sample trough, and dry it with a stream of nitrogen or other appropriate means to
evaporate the solvent. Examine the spectrum
Similarly proceed with the Standard solution, and examine the spectra (IRA 1-Jan-2013)
in the range between 1400 cm 1 and 700 cm 1.
Acceptance criteria: It exhibits maxima only at the same wavelengths as a similarly
obtained spectrum of the Standard solution.
The spectrum obtained from the Sample solution shows strong bands at 1260 ± 10 cm 1,
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1015 ± 15 cm 1, and 795 ± 15 cm 1; and a broad shoulder at 1085 ± 15 cm 1, similar to
the spectrum obtained from the Standard solution. [Note—The exact maxima of the broad
shoulder near 1085 cm 1 may differ by up to 15 cm 1 for the spectra obtained from the
Sample solution and the Standard solution.] (IRA 1-Jan-2013)
ASSAY
• Procedure
[Note—Use glass apparatus only; avoid use of plasticware. Proper mixing of the Emulsion before
sampling and testing is crucial.]
Standard solution: 2 mg/mL of USP Polydimethylsiloxane RS in toluene. [Note—Treat a
25.0-mL aliquot in the same manner as the Blank, beginning with “add 50 mL of dilute
hydrochloric acid (2 in 5)…”.]
Sample: Equivalent to 50 mg of simethicone from the Emulsion
Sample solution: To the Sample add 25.0 mL of toluene, and treat in the same manner as
the Blank, beginning with “add 50 mL of dilute hydrochloric acid (2 in 5)…”.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: IR spectrophotometry
Cell: 0.5 mm

851 .)

Analytical wavelength: Maximum absorbance at about 7.9 µm (1259 cm 1)
Blank: To 25.0 mL of toluene add 50 mL of dilute hydrochloric acid (2 in 5), close the
bottle securely with a cap having an inert liner, vigorously shake by hand for 5 s, and
then shake for 5–20 min on a suitable shaker. [Note—The following shakers were found
suitable: (1) a reciprocating shaker at a rate of about 200 oscillations/min and a stroke
of 38 ± 2 mm or (2) a wrist-action shaker with a radius of 13.3 ± 0.4 cm (measured from
center of shaft to center of bottle) using an arc of 10 at a frequency of 300 ± 30
strokes/min. The recommended shaking time is about 20 min, which can be adjusted as
needed.] Centrifuge the mixture. [Note—The following centrifuging conditions were
found suitable: at 1500 × g for 30–40 min.] Remove from the centrifuge, and
immediately transfer about 5 mL of the upper organic (toluene) layer to a 15-mL screwcapped test tube, containing about 1 g of anhydrous sodium sulfate. Close the tube
with a screw-cap having an inert liner, agitate vigorously, and centrifuge the mixture
until a clear supernatant is obtained. [Note—The following centrifuging conditions were
found suitable: at 1500 × g for about 10 min.]
Analysis
[Note—Wash the cell with copious amounts of toluene, to ensure that there is no carryover
or residue.]
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of polydimethylsiloxane [–(CH3 )2 SiO–]n in the Emulsion:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Polydimethylsiloxane RS in the Standard solution (mg/mL)
C=
U nominal concentration of simethicone in the Sample solution (mg/mL)
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Acceptance criteria: 85.0%–110.0%
IMPURITIES
• Heavy Metals
Standard solution: To 20 mL of chloroform add 1.0 mL of a freshly prepared 0.002%
solution of dithizone in chloroform, 0.5 mL of Standard Lead Solution (see Heavy Metals
231 ) (containing 10 µg of lead/mL), and 0.5 mL of a mixture of 1 volume of ammonia TS
and 9 volumes of a 0.2% solution of hydroxylamine hydrochloride.
Sample solution: 1.0 g of Emulsion in 10 mL of chloroform. Dilute with the same solvent to
20 mL. Add 1.0 mL of a freshly prepared 0.002% solution of dithizone in chloroform, 0.5 mL
of water, and 0.5 mL of a mixture of 1 volume of ammonia TS and 9 volumes of a 0.2%
solution of hydroxylamine hydrochloride.
Analysis: Immediately shake both solutions vigorously for 1 min.
Acceptance criteria: NMT 5 ppm. Any red color in the Sample solution is not more intense
than that in the Standard solution.
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 100 cfu/g.
• Defoaming Activity
Foaming solution: 10 mg/mL of octoxynol 9 in water
Sample solution: Transfer a quantity of Emulsion, equivalent to 300 mg of simethicone, to
a 60-mL bottle. Dilute with water to 30 g, cap the bottle, and shake vigorously.
Analysis
[Note—For each test, use a clean, unused, 250-mL glass jar.]
Add, dropwise, 500 µL of the Sample solution to a clean, unused, cylindrical 250-mL glass
jar, fitted with a 50-mm cap, containing 100 mL of the Foaming solution. Cap the jar, and
clamp it in an upright position on a wrist-action shaker. Using a radius of 13.3 ± 0.4 cm
(measured from the center of the shaft to the center of the bottle), shake for 10 s
through an arc of 10 at a frequency of 300 ± 30 strokes/min. Record the time required
for the foam to collapse. The time, in s, for foam collapse is determined at the instant the
first portion of foam-free liquid surface appears, measured from the end of the shaking
period.
Acceptance criteria: The defoaming activity time does not exceed 15 s.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Polydimethylsiloxane RS
In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
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this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

indicates that the proposed revision is slated for the Second Supplement to USP 34,

and
USP35

and

NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
2 Oral Drug Products—Product Quality Tests. USP taxonomy has grouped all dosage
forms based on their route of administration: injection, oral, topical–transdermal, mucosal, and
inhalation. In addition, all drug product tests are divided into two types: product quality tests
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and product performance tests. For each route of administration, a general chapter describing
all pertinent product quality tests is developed. Each of these drug product quality tests has or
will have companion product performance test chapter(s). The new USP general chapter Oral
Drug Products—Product Quality Tests 2 addresses product quality tests for oral drug
products. These product quality tests assess the integrity of the dosage forms and along with
the in vitro product performance test can relate to an orally administered drug product's in vivo
performance. Comments and suggestions regarding this chapter should be sent to Antonio
Hernandez-Cardoso at AHC@usp.org no later than Sept. 30, 2012. USP may consider
conducting a workshop to discuss this new general chapter, comments received, and
suggestions.
(GCDF: A. Hernandez–Cardoso.)
Correspondence Number—C59876

Comment deadline: September 30, 2012
Add the following:
2

ORAL DRUG PRODUCTS—PRODUCT QUALITY TESTS
INTRODUCTION

Oral delivery is the most common route of administration for drug products. All oral drug
products lead to systemic and/or local action in the oral cavity and/or gastrointestinal tract.
Oral drug products fall into two main categories: solids and liquids. Solid oral drug products
include but are not restricted to capsules, tablets, granules, and powders. Similarly, liquid oral
drug products include but are not restricted to solutions, suspensions, and emulsions. The
definitions and descriptions of these dosage forms and brief information about their composition
and manufacturing process is found in Pharmaceutical Dosage Forms

1151 .

Chapter 2 focuses on the product quality tests that are generally necessary for oral drug
products. The contents of this chapter do not necessarily apply to drug products that are
intended for use other than by oral administration. For example, the chapter does not address
oromucosal dosage forms intended for local action in the mouth.
Drug Product Quality and Performance Tests
Monograph tests, analytical procedures, and acceptance criteria for testing oral drug products
are divided into two categories: (1) those that assess general product quality attributes and
(2) those that assess product performance, which is a specific quality attribute typically linked
to bioavailability and bioequivalence studies (see Assessment of Drug Product Performance—
Bioavailability, Bioequivalence, and Dissolution 1090 ). Drug product quality tests are
intended to assess attributes such as identification, strength (assay), impurities (universal
tests), dose content uniformity, pH, minimum fill, alcohol content, volatile content, and
microbial content (specific tests). Drug product performance tests are designed to assess in
vitro drug release from dosage forms, e.g., Dissolution 711 and Drug Release 724 . For
solution liquid oral drug products, performance is considered optimal and a monograph
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performance test is not included.
Each of these attributes is important for a primary understanding of the quality and
performance of a drug product. Thus, they form the basis for the control tests of a monograph.
A compendial product should meet all drug product quality tests and drug product performance
tests contained in its monograph.
Only when disintegration has been correlated with dissolution of a dosage form can a
disintegration test (see Disintegration 701 ) be used as a product performance test. In all
other instances, a dissolution test should be considered as a product performance test. [Note
—Dissolution tests, specifically dissolution profile similarity between higher strengths and lower
strengths of a given manufacturer's product and dissolution profile similarity between the
generic product and the reference product, are used for granting biowaivers. For information
purposes only, see 1090 , which, with other informational chapters referenced, may be a
helpful, but not mandatory, resource.]
PRODUCT QUALITY TESTS FOR ORAL DRUG PRODUCTS
Tests for oral drug products fall into three categories: (1) universal tests that are applicable to
all oral drug products and should be included in the monograph, (2) specific tests that should
be considered for inclusion for either solid or liquid oral products, and (3) additional tests that
should be considered for inclusion for specific types of oral products.
UNIVERSAL TESTS
Product quality attributes for oral dosage forms are important to ensure that commercialized
products meet minimum quality requirements. Universal tests should be applied to all oral
dosage forms and include Description, Identification, Strength (assay test), and Impurities
(organic, inorganic, and residual solvents).
DESCRIPTION
Description is general in nature and is not a standard in itself. It communicates the appearance
of an article that complies with monograph standards.
IDENTIFICATION
The identification test is defined in General Notices and Requirements, 5.40. It is included in a
monograph as an aid to confirm that the article contains the labeled content by providing a
positive identification of the drug substance or substances in a drug product.
One method of confirming the identity is to compare the retention time of the sample with that
obtained for the standard injections within the assay. Thin-Layer Chromatographic
Identification Test

201 , Spectrophotometric Identification Tests

197 , Nuclear Magnetic

Resonance 761 , Near-Infrared Spectroscopy 1119 , and Raman Spectroscopy 1120 ,
among others, often are used to confirm the identity orthogonally. The analytical procedure
must be able to separate the active ingredient from all excipients that are present. Care must
also be taken to ensure that the chromatographic system separates the article from other
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closely related drug substances, impurities, and additives. Infrared and ultraviolet absorption
also can be used for identification (see 197 ), but the drug substance typically must be
extracted from the product matrix. The results of the identification test must be compared to
the results obtained from an authentic drug substance, for which USP Reference Standards
should be used whenever possible.
ASSAY
The assay is a specific and stability-indicating test to determine the potency (content) of the
drug product. When a nonspecific assay (e.g., titration) is justified, other supporting analytical
procedures should ensure that any interfering species can be detected and controlled. Assays
often are reported as a percentage of the label claim with acceptance criteria that typically are
in the range of 90.0%–110.0%. The width of these limits is intended to allow for manufacturing
variability and shelf-life stability. Acceptance criteria of 95.0%–105.0% are used with
justification (e.g., for narrow therapeutic index drug products). Activity assays and absolute
content assays also are acceptable when justified.
IMPURITIES
Process impurities, synthetic by-products, and other inorganic and organic impurities may be
present in the drug substance and in the excipients used in the manufacture of the drug
product. These impurities are controlled by drug substance and excipient monographs. Over the
shelf life of the product, degradation impurities can form. These can be a result of degradation
of the drug substance, the excipient, or interactions between the drug substance and
excipient(s). The procedures and acceptance criteria should specifically limit toxic materials.
See specific requirements in the USP General Notices, 5.60 Impurities and Foreign Substances.
[Note—For information purposes only, refer to Impurities in Drug Substances and Drug Products
1086 , which may be a helpful, but not mandatory, resource.]
SPECIFIC TESTS FOR SOLIDS
The following specific tests for solids should be considered, depending on the nature of the
drug substance and formulation.
VOLATILE CONTENT
The test and the specific method depend on the nature of the article. Special consideration
should be given to dosage forms for which water content has been shown to be a potential
quality attribute.
When the presence of moisture or other volatile material may become critical, analysts must
determine the amount of unbound volatile solvents or volatile matter of any kind that is driven
off (see Loss on Drying

731 ). For substances that appear to contain water as the only

volatile constituent, the procedure given in Water Determination

921

For drug products, analysts also should consult Residual Solvents

467 .

DISINTEGRATION

may be appropriate.
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Disintegration is an essential attribute of oral solids, except for those intended to be chewed
before being swallowed and for delayed- or extended-release products. This test measures the
time it takes for the dosage unit to disintegrate in an aqueous medium and is described in detail
in

701 .
TABLET FRIABILITY

The test procedure is applicable to most compressed, uncoated tablets. Friability determines
the ability of tablets to withstand mechanical stresses and their resistance to chipping and
surface abrasion. [Note—For information purposes only, refer to Tablet Friability
which may be a helpful, but not mandatory, resource.]

1216 ,

TABLET BREAKING FORCE
Tablet breaking force measures the mechanical integrity of tablets, which is the force required
to cause them to fail (i.e., break) in a specific plane. [Note—For information purposes only,
refer to Tablet Breaking Force

1217 , which may be a helpful, but not mandatory, resource.]
UNIFORMITY OF DOSAGE UNITS

Uniformity of dosage units must be demonstrated by either content uniformity or weight
variation. Content uniformity is based on the assay of the individual content of drug
substance(s) in a number of dosage units to determine whether the individual contents are
sufficiently close to label claim. Weight variation can be used as an alternative to estimate
content uniformity under certain conditions (see Uniformity of Dosage Units

905 ).

ADDITIONAL TESTS FOR SPECIFIC TYPES OF SOLID DOSAGE FORMS
The recommended product quality tests for a solid drug product include the universal tests and
the specific tests described above.
TABLETS
Product quality tests that are specific to the type of tablet include: tablet friability or tablet
breaking force and volatile content ( 731

and

921 ).

UNCOATED TABLETS
Uncoated tablets include single-layer tablets that result from a single compression of particles
and multilayer tablets that consist of concentric or parallel layers obtained by successive
compression of particles of different composition. The excipients used generally are not
specifically intended to modify the release of the active substance in the digestive fluids.
Uncoated tablets include but are not limited to: effervescent tablets, buccal tablets, sublingual
tablets, chewable tablets, disintegrating tablets, orally disintegrating tablets, boluses, soluble
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tablets, tablets for oral solution, and tablets for oral suspension. Boluses, large elongated
tablets intended for administration to animals, should be considered uncoated tablets and must
be in compliance with the product quality requirements. For uncoated tablets, disintegration
should be tested as directed in 701 .
In addition, the disintegration test should be considered for the following dosage forms.
BUCCAL, SUBLINGUAL, AND ORALLY DISINTEGRATING (ORODISPERSIBLE) TABLETS
These dosage forms will be discussed in a future new chapter Mucosal Drug Products—Product
Quality Tests

4 . They are listed here for informational purposes and completeness.

EFFERVESCENT TABLETS
Disintegration: Place 1 tablet in a beaker containing 200 mL of water at 15 –25 : numerous
bubbles of gas are evolved. When the evolution of gas around the tablet or its fragments
ceases, the tablet has disintegrated and is either dissolved or dispersed in the water so that no
agglomerates of particles remain. Repeat the operation on 5 other tablets. The tablets comply
with the test if each of the 6 tablets used disintegrates in the manner prescribed within 5 min,
unless otherwise justified and authorized.
CHEWABLE TABLETS
Chewable tablets are not required to comply with the disintegration test. Chewable tablets
(intact) should undergo dissolution testing because they might be swallowed without proper
chewing by a patient. In general, the dissolution test conditions for chewable tablets should be
the same as for nonchewable tablets of the same active ingredient or moiety.
DISINTEGRATING TABLETS
Also termed dispersible tablets, these are uncoated tablets or film-coated tablets intended to
be dispersed in water before administration, giving a homogeneous dispersion.
Disintegration: Place 1 dosage unit in each of the 6 tubes of the disintegration apparatus in
water at 15 –25 . The dosage unit should disintegrate as specified in the monograph.
Dispersion fineness: Place 2 tablets in 100 mL of water, and stir until completely dispersed. A
smooth dispersion that passes through a No. 25 sieve is obtained.
SOLUBLE TABLETS
These are uncoated or film-coated tablets intended to be dissolved in water before
administration. The solution produced may be slightly opalescent due to the added excipients
used in the manufacture of the tablets.
Disintegration: Place 1 dosage unit in each of the 6 tubes of the basket in water at 15 –25 .
The dosage unit should disintegrate as specified in the monograph.
TABLETS FOR ORAL SOLUTION AND TABLETS FOR ORAL SUSPENSION
Disintegration: Place 1 dosage unit in each of the 6 tubes of the basket in water at 15 –25 .
The dosage unit should disintegrate as specified in the monograph.
Dispersion fineness: Place 2 tablets in 100 mL of water, and stir until completely dispersed. A
smooth dispersion that passes through a No. 25 sieve is obtained.
COATED TABLETS
Coated tablets are tablets covered with one or more layers of mixtures of various substances
such as natural or synthetic resins, gums, gelatin, inactive and insoluble fillers, sugars,
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plasticizers, polyols, waxes, coloring matter authorized by the competent authority, and
sometimes flavoring substances and active substances. Tablets coated by sugar, film, or
compression (modified release) include but are not limited to: plain coated tablets, extendedrelease tablets, and delayed-release tablets. For plain coated tablets, disintegration should be
tested as directed in 701 .
In addition, the disintegration test should be considered for the following dosage forms.
EXTENDED-RELEASE TABLETS
When disintegration is appropriate, suitable tests should be performed to demonstrate the
appropriate release of the active substance. The test time points, generally three, are
expressed in hours.
DELAYED-RELEASE TABLETS
When disintegration is appropriate, suitable tests should be performed to demonstrate the
appropriate release of the active substance(s). The test includes an acid stage and a buffer
stage. The test may be concluded in a shorter than prescribed time during the buffer stage if
the requirement for minimum amount dissolved is met at an earlier time.
CAPSULES
Product quality tests that are considered specific to the type of capsule include those for
volatile content ( 731 and 921 ). One-piece capsules typically are used to deliver a drug
substance as a solution or suspension. Two-piece capsules consist of two telescoping cap and
body pieces in a range of standard sizes and are used to deliver solid material as powder,
granules, or small tablets.
Disintegration: Proceed as directed in 701 , Soft Gelatin Capsules for one-piece capsules and
Hard Gelatin Capsules for two-piece capsules.
In addition, the disintegration test should be considered for the following dosage forms.
MODIFIED-RELEASE CAPSULES
Modified-release capsules include but are not limited to: delayed-release capsules and
extended-release capsules.
DELAYED-RELEASE CAPSULES
Disintegration: For capsules with an enteric coating, carry out the test for disintegration
described in Uncoated Tablets with the following modifications: Use hydrochloric acid 0.1 M as
the immersion fluid and operate the apparatus for 2 h or other time specified by the monograph,
without the disks. Examine the state of the capsules. The time of resistance to the acid
medium varies according to the formulation of the capsules. It is typically 2–3 h, but even with
authorized deviations it must not be less than 1 h. No capsule shows signs of disintegration or
rupture permitting the escape of the contents. Replace the acid with phosphate buffer solution
pH 6.8. When justified and authorized, a buffer solution of pH 6.8 with added pancreatic
powder can be used. Add a disk to each tube. Operate the apparatus for 60 min. Eighty-five
percent of the drug should be dissolved in 60 min in pH 6.8 buffer solution. If the capsules fail
to comply because of adherence to the disks, the results are invalid. Repeat the test on a
further 6 capsules, omitting the disks.
EXTENDED-RELEASE CAPSULES
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When disintegration is appropriate, suitable tests should be performed to demonstrate the
appropriate release of the active substance. The test time points, generally three, are
expressed in hours. [Note—For information purposes only, refer to the proposed chapter LiquidFilled Capsules—Dissolution Testing and Related Quality Attributes
helpful, but not mandatory, resource.]

1094 , which may be a

GRANULES
Granules are solid dosage forms that are composed of agglomerations of smaller particles.
Tests that are considered specific to the type of granules include volatile content ( 731

and

921 ).
Granules include but are not limited to: effervescent granules, coated granules, modifiedrelease granules, and enteric coated granules.
EFFERVESCENT GRANULES
Disintegration: Place 1 dose of the effervescent granules in a beaker containing 200 mL of
water at 15 –25 : numerous bubbles of gas are evolved. When the evolution of gas around the
individual grains ceases, the granules have disintegrated and are either dissolved or dispersed in
the water. Repeat the operation on 5 other doses. The preparation complies with the test if
each of the 6 doses used disintegrates within 5 min.
COATED GRANULES, MODIFIED-RELEASE GRANULES, AND ENTERIC COATED GRANULES
When disintegration is appropriate, suitable tests should be performed to demonstrate the
appropriate release of the active substance.
Other tests: Based on the nature of the article and scientific criteria, additional tests may
apply, including powder fineness and others.
POWDERS
Oral powders should indicate: “For Oral Use Only.”
Tests that are considered specific to the type of powders include: Minimum Fill
volatile content ( 731

and

755

and

921 ).

Minimum Fill 755 : The test and specifications apply to powders that are packaged in
containers in which the labeled content is NMT 150 g or 150 mL.
Other tests: Based on the nature of the article and scientific criteria, additional tests may
apply, including pH in an aqueous solution, powder fineness, microbial limits, and others.
MISCELLANEOUS
LYOPHILIZED ORAL PRODUCTS
Disintegration: Place 1 dosage unit in a beaker containing 200 mL of water at 15 –25 . It
disintegrates within 3 min. Repeat the operation on 5 other dosage units. They comply with the
test if all 6 have disintegrated.
Water Content

921 , Method Ia: Lyophilized oral products comply with the test. The limits
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are approved as indicated in the specific monograph.
LOZENGES
For compressed lozenges intended for a systemic effect, a suitable test should be performed to
demonstrate the appropriate release of the active substance(s).
SPECIFIC TESTS FOR LIQUIDS
The recommended product quality tests for a liquid drug product include the universal tests
described above and the specific tests included below. Most of the quality tests for liquids
require the evaluation of single-dose products to estimate the quality attribute. Specific
directions to perform the quality tests for either single-dose or multiple-dose products are
provided in the monograph or the general chapter. For example, weight variation may be used
when the underlying distribution of the active substance(s) in the blend is presumed to be
uniform and well controlled, as in solutions.
DELIVERABLE VOLUME
When the liquid formulation is packaged in a multiple-dose container, compliance with
Deliverable Volume

698

is required.
ALCOHOL DETERMINATION

If the liquid formulation contains a quantity of alcohol, Alcohol Determination 611 should be
included. The limits may be an absolute concentration, in percentage, or relative to a labeled
content.
PH
Liquid oral products typically are aqueous formulations that are susceptible to pH changes from
exposure to atmospheric CO2 . Although it is less critical than in ophthalmic preparations, the pH
of a liquid formulation can affect flavor, stability, and patient compliance. The pH range as
outlined in pH

791

is indicated in the monograph.
MICROBIAL CONTENT

The presence of certain microorganisms in nonsterile preparations may have the potential to
reduce or even inactivate the therapeutic activity of the product and has a potential to
adversely affect the health of the patient. Some liquid oral products can be subject to extreme
microbiological control, and others require none. The needed microbial specification for a given
liquid oral product depends on its formulation and use and is indicated in the monograph.
[Note—For information purposes only, refer to Microbiological Examination of Nonsterile
Products: Acceptance Criteria for Pharmaceutical Preparations and Substances for
Pharmaceutical Use

1111 , which may be a helpful, but not mandatory, resource.]
TYPES OF LIQUID DOSAGE FORMS
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ORAL SOLUTIONS AND POWDERS AND GRANULES FOR SOLUTION
Tests of “for Solution” formulations are conducted on a well-mixed solution of the drug product
constituted as described in the labeling. Specific quality tests for these dosage forms are
provided in the monograph.
EMULSIONS, SUSPENSIONS, AND POWDERS AND GRANULES FOR SUSPENSION
Tests of “for Suspension” formulations are conducted on a well-mixed suspension of the drug
product constituted as described in the labeling. Product quality tests for suspensions should
include a test of suspendability.
ORAL DROPS
Oral drops are solutions, emulsions, or suspensions that are administered in small volumes such
as drops by means of a suitable device. Specific quality tests for these dosage forms are
provided in the monograph.
SYRUPS
A syrup is a solution that contains high concentrations of sucrose or other sugars. Specific
quality tests for these dosage forms are provided in the monograph.
POWDERS AND GRANULES FOR SYRUPS AND POWDERS FOR ORAL DROPS
After dissolution or suspension, they comply with monograph requirements for the final dosage
form. Tests that are specific to powders and granules for reconstitution include volatile content
( 731

and

921 ).

EXTRACTS AND FLUID EXTRACTS
Specific quality tests for these dosage forms are provided in the monograph.

2S (USP36)

BRIEFING
561 Articles of Botanical Origin, USP 35 page 206. The aflatoxin section of this chapter
currently requires the use of four pure individual aflatoxins to prepare the standard solutions at
varied concentrations. It is proposed to revise the current section Test for Aflatoxins to use a
standardized solution of the four aflatoxins at the following concentrations: AFB1 and AFG1 at
2000 µg/mL, and AFB2 and AFG2 at 500 µg/mL, instead of the individual pure materials. The
proposed revision is intended to improve the safe handling of these hazardous materials by
using a diluted standardized solution, without compromising the precision and accuracy of
analytical procedures. The analyst will create serial dilutions from the USP Aflatoxins RS to
obtain the standard solutions for the calibration curve. The newly proposed reference standard
mixture in solution will be applied to the three analytical procedures outlined in the chapter.
(GCCA: C. Okunji.)
Correspondence Number—C94871

Comment deadline: September 30, 2012
561

ARTICLES OF BOTANICAL ORIGIN
SAMPLING

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

No. of Containers
to be Sampled (n)
all
11
n = 10 + (N/10)

(Round calculated “n” to next highest whole number.)
Samples are taken from the upper, middle, and lower sections of each container. If the crude
material consists of component parts which are 1 cm or less in any dimension, and in the case
of all powdered or ground materials, withdraw the sample by means of a sampling device that
removes a core from the top to the bottom of the container, not less than two cores being
taken from different angles. For materials with component parts over 1 cm in any dimension,
withdraw samples by hand. In the case of large bales or packs, samples should be taken from a
depth of 10 cm because the moisture content of the surface layer may be different from that
of the inner layers.
Prepare the gross sample by combining and mixing the individual samples taken from each
opened container, taking care not to increase the degree of fragmentation or significantly
affect the moisture content.
For articles in containers holding less than 1 kg, mix the contents, and withdraw a quantity
sufficient for the tests. For articles in containers holding between 1 and 5 kg, withdraw equal
portions from the upper, middle, and lower parts of the container, each of the samples being
sufficient to carry out the tests. Thoroughly mix the samples, and withdraw an amount
sufficient to carry out the tests. For containers holding more than 5 kg, withdraw three
samples, each weighing not less than 250 g, from the upper, middle, and lower parts of the
container. Thoroughly mix the samples, and withdraw a portion sufficient to carry out the
tests.
Laboratory Sample
Prepare the laboratory sample by repeated quartering of the gross sample.
Note—Quartering consists of placing the sample, adequately mixed, as an even and squareshaped heap and dividing it diagonally into four equal parts. The two opposite parts are then
taken and carefully mixed. The process is repeated as necessary until the required quantity is
obtained.
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The laboratory sample should be of a size sufficient for performing all the necessary tests.
Test Sample
Unless otherwise directed in the individual monograph or test procedure below, prepare the test
sample as follows.
Decrease the size of the laboratory sample by quartering, taking care that each withdrawn
portion remains representative. In the case of unground or unpowdered drugs, grind the
withdrawn sample so that it will pass through a No. 20 standard-mesh sieve, and mix the
resulting powder well. If the material cannot be ground, reduce it to as fine a state as possible,
mix by rolling it on paper or sampling cloth, spread it out in a thin layer, and withdraw the
portion for analysis.
METHODS OF ANALYSIS
Foreign Organic Matter
Test Sample—Unless otherwise specified in the individual monograph, weigh the following
quantities of the laboratory sample, taking care that the withdrawn portion is representative
(quartering if necessary).
Roots, rhizomes, bark, and herbs
500 g
Leaves, flowers, seeds, and fruit
250 g
Cut vegetable drugs (average weight of the pieces is less than 0.5 g) 50 g
Spread the sample out in a thin layer, and separate the foreign organic matter by hand as
completely as possible. Weigh it, and determine the percentage of foreign organic matter in the
weight of drug taken.
Total Ash
Accurately weigh a quantity of the Test Sample, representing 2–4 g of the air-dried material, in
a tared crucible, and incinerate, gently at first, and gradually increase the temperature to 675
± 25 , until free from carbon, and determine the weight of the ash. If a carbon-free ash cannot
be obtained in this way, extract the charred mass with hot water, collect the insoluble residue
on an ashless filter paper, incinerate the residue and filter paper until the ash is white or nearly
so, then add the filtrate, evaporate it to dryness, and heat the whole to a temperature of 675
± 25 . If a carbon-free ash cannot be obtained in this way, cool the crucible, add 15 mL of
alcohol, break up the ash with a glass rod, burn off the alcohol, and again heat the whole to a
temperature of 675 ± 25 . Cool in a desiccator, weigh the ash, and calculate the percentage of
total ash from the weight of the drug taken.
Acid-Insoluble Ash
Boil the ash obtained as directed in Total Ash with 25 mL of 3 N hydrochloric acid for 5 min,
collect the insoluble matter on a tared filtering crucible or ashless filter, wash with hot water,
ignite, and weigh. Determine the percentage of acid-insoluble ash calculated from the weight of

PF 38(4): Jul.-Aug. 2012

26

drug taken.
Water-Soluble Ash
Boil the ash obtained as directed in Total Ash with 25 mL of water for 5 min. Collect the
insoluble matter in a sintered-glass crucible or on an ashless filter paper. Wash with hot water,
and ignite for 15 min at a temperature not exceeding 450 . Subtract the weight of this residue,
in mg, obtained in Total Ash, and calculate the percentage of water-soluble ash with reference
to the weight of sample as determined in Total Ash.
Alcohol-Soluble Extractives
Method 1 (hot extraction method)—Transfer about 4 g of air-dried, coarsely powdered
material, accurately weighed, to a glass-stoppered conical flask. Add 100 mL of alcohol, and
weigh the flask. Shake, and allow to stand for 1 h. Attach a reflux condenser to the flask, boil
gently for 1 h, cool, and weigh. Readjust to the original weight with alcohol. Shake, and filter
rapidly through a dry filter. Transfer 25 mL of the filtrate to a tared flat-bottomed dish, and
evaporate on a water bath to dryness. Dry at 105 for 6 h, cool in a desiccator for 30 min, and
weigh without delay. Calculate the content, in mg/g, of alcohol-extractable matter in the test
specimen.
Method 2 (cold extraction method)—Transfer about 4 g of air-dried, coarsely powdered
material, accurately weighed, to a glass-stoppered conical flask. Add 100 mL of alcohol, insert
a stopper into the flask, and macerate for 24 h, shaking frequently during the first 8 h, and
then allowing to stand. Filter rapidly, taking precautions against loss of alcohol. Evaporate 25
mL of the filtrate to dryness in a tared, flat-bottomed, shallow dish, and dry at 105 to
constant weight. Calculate the content, in mg/g, of alcohol-extractable matter in the test
specimen.
Water-Soluble Extractives
Method 1 (hot extraction method)—Proceed as directed in Method 1 (hot extraction method)
in Alcohol-Soluble Extractives, except use water in place of alcohol.
Method 2 (cold extraction method)—Proceed as directed in Method 2 (cold extraction method)
in Alcohol-Soluble Extractives, except use water in place of alcohol.
Crude Fiber
Exhaust a weighed quantity of the Test Sample, representing about 2 g of the drug, with
ether. Add 200 mL of boiling dilute sulfuric acid (1 in 78) to the ether-exhausted marc, in a
500-mL flask, and connect the flask to a reflux condenser. Reflux the mixture for 30 min,
accurately timed, then pass through a linen or hardened-paper filter, and wash the residue on
the filter with boiling water until the effluent washing is no longer acid. Rinse the residue back
into the flask with 200 mL of boiling sodium hydroxide solution, adjusted to 1.25% by titration
and free from sodium carbonate. Again reflux the mixture for 30 min, accurately timed, then
rapidly pass through a tared filter, wash the residue with boiling water until the last washing is
neutral, and dry it at 110 to constant weight. Incinerate the dried residue, ignite to constant
weight, cool in a desiccator, and weigh the ash: the difference between the weight obtained
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by drying at 110 and that of the ash represents the weight of the crude fiber.
Note—The boiling with acid and alkali should continue for 30 min, accurately timed, from the
time that the liquid (which is cooled below the boiling point by being added to the cold flask)
again boils. After the solution has been brought to boiling, the heat should be turned low
enough just to maintain boiling. During the boiling, the flask should be gently rotated from time
to time to wash down any particles that may adhere to the walls of the flask. A slow current of
air introduced into the flask during the boiling operation aids in preventing excessive frothing.
Starch Content
Method 1—The following is a general procedure for all reducing sugars and may be used to
determine the starch content in botanical articles.
Malt Extract—Use clean new barley malt of known efficacy, and grind just before use. Prepare
malt extract just prior to use. For every 80 mL of malt extract needed, digest 5 g of ground
malt with 100 mL of water at room temperature for 2 h. [Note—If an electric mixer is used, stir
the mixture for 20 min.] Filter to obtain a clear extract, filtering again, if necessary, and mix the
infusion well.
Test Solution—Extract about 5 g of the finely ground test specimen with five 10-mL portions of
ether, using a filter that will completely retain the smallest starch granule. Allow the ether to
evaporate from the residue, and wash with 250 mL of aqueous alcohol solution (10 in 100).
Carefully wash the residue from the paper into a 500-mL beaker with about 100 mL of water.
Heat to about 60 (avoiding, if possible, gelatinizing starch), and allow to stand for about 1 h,
stirring frequently to effect complete solution of sugars. Transfer to a wide-mouth bottle, rinse
the beaker with a little warm water, and cool. Add an equal volume of alcohol, mix, and allow to
stand for NLT 1 h.
Centrifuge until the precipitate is closely packed on the bottom of the bottle, and decant the
supernatant. Wash the precipitate with successive 50-mL portions of alcohol solution (50 in
100) by centrifuging and decanting through a suitable filter until the washings are sugar-free.
[Note—To test for the presence of sugar, transfer a few drops of the washings to a test tube,
add 3 or 4 drops of a 20% solution of 1-naphthol in alcohol, prepared by dissolving 200 mg of
1-naphthol in 1 mL of alcohol and 2 mL of water. Shake the test tube well to allow uniform
mixing, allow 2–4 mL of sulfuric acid to flow down the sides of the test tube, and hold the test
tube upright. If sugar is present, the interface of the two liquids is colored faint to deep violet,
and on shaking, the whole solution becomes blue-violet.]
Transfer the residue from the bottle and hardened filter to a beaker with about 50 mL of water.
Immerse the beaker in boiling water, and stir constantly for 15 min or until all of the starch is
gelatinized. Cool the beaker to 55 , add 20 mL of Malt Extract, and hold at this temperature for
1 h. Heat again to boiling for a few min, cool to 55 , add 20 mL of Malt Extract, and hold at
this temperature for 1 h or until the residue when treated with iodine TS shows no blue tinge
upon microscopic examination. Cool, dilute with water to 250 mL, and filter.
General Procedure—Transfer 200 mL of the Test Solution to a flask fitted with a reflux
condenser, add 20 mL of hydrochloric acid, and heat in a boiling water bath for 2½ h. Cool,
nearly neutralize with sodium hydroxide TS, complete neutralization with sodium carbonate TS,
dilute with water to 500 mL, mix, and filter. The volume of aliquot taken depends on the starch
content of the specimen under test (see Table 1). The aliquot should contain between 100 and
200 mg of dextrose. Transfer 50 mL of the filtrate to a 400-mL alkali-resistant glass beaker,
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add 50 mL of alkaline cupric tartrate TS, cover the beaker with a water glass, and heat. Adjust
the flame in the burner so that the contents of the flask begin to boil in 4 min, and continue
boiling for exactly 2 min. Filter the hot solution at once through a sintered-glass filter. Wash
the precipitate of cuprous oxide thoroughly with water at about 60 , then with 10 mL of
alcohol, and finally with 10 mL of ether.
Table 1. Determination of the Optimum Aliquot
Expected Starch Content
Aliquot
(%)
(mL)
60
25
50
35
40
50
30
50
20
50
For solutions of reducing sugars of comparatively high purity, proceed as directed in Method 1A
to determine the amount of reduced copper obtained by weighing the dried cuprous oxide. For
solutions of reducing sugars containing large amounts of organic impurities, including sucrose,
proceed as directed in Method 1B to determine the amount of reduced copper obtained by
titration with sodium thiosulfate.
METHOD 1A—Dry the precipitate obtained in General Procedure for 30 min in an oven at 110 ±
2 , cool to room temperature in a desiccator, and weigh. Refer to Table 2 to find the quantity
of dextrose, in mg, corresponding to the weight of cuprous oxide found. Determine the
percentage of dextrose and then the content of starch by the following formula:
Percentage of dextrose = (wt. of dextrose in mg × 0.1 × 500)/(wt. of sample in g × aliquot in
mL)
Content of starch = % dextrose × 0.9
Table 2. Calculating Dextrose (Applicable when Cu2O is weighed directly) (Expressed in
mg)
Cuprous
Oxide
(Cu O)

2

Dextrose
(dGlucose)

Cuprous
Oxide
(Cu O)

2

Dextrose
(dGlucose)

Cuprous
Oxide
(Cu O)

2

Dextrose
(dGlucose)

Cuprous
Oxide
(Cu O)

2

Dextrose
(d-Glucose)

Cuprous
Oxide
(Cu O)

2

Dextrose
(d-Glucose)

Cuprous
Oxide
(Cu O)

2

Dextrose
(d-Glucose)

10
12
14
16
18

4.0
4.9
5.7
6.6
7.5

90
92
94
96
98

38.9
39.8
40.6
41.5
42.4

170
172
174
176
178

75.1
76.0
76.9
77.8
78.8

250
252
254
256
258

112.8
113.7
114.7
115.7
116.6

330
332
334
336
338

152.2
153.2
154.2
155.2
156.3

410
412
414
416
418

193.7
194.7
195.8
196.8
197.9

20
22
24
26
28

8.3
9.2
10.0
10.9
11.8

100
102
104
106
108

43.3
44.2
45.1
46.0
46.9

180
182
184
186
188

79.7
80.6
81.5
82.5
83.4

260
262
264
266
268

117.6
118.6
119.5
120.5
121.5

340
342
344
346
348

157.3
158.3
159.3
160.3
161.4

420
422
424
426
428

199.0
200.1
201.1
202.2
203.3

30
32
34
36
38

12.6
13.5
14.3
15.2
16.1

110
112
114
116
118

47.8
48.7
49.6
50.5
51.4

190
192
194
196
198

84.3
85.3
86.2
87.1
88.1

270
272
274
276
278

122.5
123.4
124.4
125.4
126.4

350
352
354
356
358

162.4
163.4
164.4
165.4
166.5

430
432
434
436
438

204.4
205.5
206.5
207.6
208.7

40
42
44
46
48

16.9
17.8
18.7
19.6
20.4

120
122
124
126
128

52.3
53.2
54.1
55.0
55.9

200
202
204
206
208

89.0
89.9
90.9
91.8
92.8

280
282
284
286
288

127.3
128.3
129.3
130.3
131.3

360
362
364
366
368

167.5
168.5
169.6
170.6
171.6

440
442
444
446
448

209.8
210.9
212.0
213.1
214.1

50
52
54
56
58

21.3
22.2
23.0
23.9
24.8

130
132
134
136
138

56.8
57.7
58.6
59.5
60.4

210
212
214
216
218

93.7
94.6
95.6
96.5
97.5

290
292
294
296
298

132.3
133.2
134.2
135.2
136.2

370
372
374
376
378

172.7
173.7
174.7
175.8
176.8

450
452
454
456
458

215.2
216.3
217.4
218.5
219.6

60
62
64
66
68

25.6
26.5
27.4
28.3
29.2

140
142
144
146
148

61.3
62.2
63.1
64.0
65.0

220
222
224
226
228

98.4
99.4
100.3
101.3
102.2

300
302
304
306
308

137.2
138.2
139.2
140.2
141.2

380
382
384
386
388

177.9
178.9
180.0
181.0
182.0

460
462
464
466
468

220.7
221.8
222.9
224.0
225.1
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70
72
74
76
78

30.0
30.9
31.8
32.7
33.6

150
152
154
156
158

65.9
66.8
67.7
68.6
69.5

230
232
234
236
238

103.2
104.1
105.1
106.0
107.0

310
312
314
316
318

142.2
143.2
144.2
145.2
146.2

390
392
394
396
398

183.1
184.1
185.2
186.2
187.3

470
472
474
476
478

226.2
227.4
228.3
229.6
230.7

80
82
84
86
88

34.4
35.3
36.2
37.1
38.0

160
162
164
166
168

70.4
71.4
72.3
73.2
74.1

240
242
244
246
248

108.0
108.9
109.9
110.8
111.8

320
322
324
326
328

147.2
148.2
149.2
150.2
151.2

400
402
404
406
408

188.4
189.4
190.5
191.5
192.6

480
482
484
486
488

231.8
232.9
234.1
235.2
236.3

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

Traps for Volatile Oil Apparatus
Coarsely comminute a sufficient quantity of the drug to yield from 1–3 mL of volatile oil. Small
seeds, fruits, or broken leaves of herbs ordinarily do not need comminution. Very fine powders
are to be avoided. If this is not possible, it may be necessary to mix them with purified sawdust
or purified sand. Place a suitable quantity of the drug, accurately weighed, in the flask, and fill
it one-half with water. Attach the condenser and the proper separator. Boil the contents of the
flask, using a suitable amount of heat to maintain gentle boiling for 2 h, or until the volatile oil
has been completely separated from the drug and no longer collects in the graduated tube of
the separator.
If a proper quantity of the volatile oil has been obtained in the graduated tube of the
separator, it can be read to tenths of 1 mL, and the volume of volatile oil from each 100 g of
drug can be calculated from the weight of the drug taken. The graduations on the separator
“for oils heavier than water” are so placed that oil remains below the aqueous condensate that
automatically flows back into the flask.
Water Content
For unground or unpowdered drugs, prepare about 10 g of the Laboratory Sample by cutting,
granulating, or shredding, so that the parts are about 3 mm in thickness. Seeds or fruits smaller
than 3 mm should be cracked. Avoid the use of high-speed mills in preparing the sample, and
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exercise care that no appreciable amount of moisture is lost during the preparation and that
the portion taken is representative of the Laboratory Sample. Determine the water content as
directed for Procedure for Articles of Botanical Origin in Water Determination
III (Gravimetric).

921 , Method

Change to read:
TEST FOR AFLATOXINS
[Caution—Aflatoxins are highly dangerous, and extreme care should be exercised in handling
aflatoxin materials.]
Where the individual monograph calls for compliance with the limits for aflatoxins, the limits are
NMT 5 ppb for aflatoxin B1 (AFB1 ) and NMT 20 ppb for the sum of aflatoxins B1 (AFB1 ), B2
(AFB2 ), G1 (AFG1 ), and G2 (AFG2 ). The extent of testing may be determined using a risk-based
approach that considers the likelihood of contamination. The presence of unexpected
contamination with aflatoxins is to be considered in determining compliance. The following
analytical procedures are provided for determining compliance. Unless otherwise specified in the
individual monograph, use Method I. If system suitability fails, use either Method II or Method
III.
Method I
This TLC test is provided to detect the possible presence of AFB1 , AFB2 , AFG1 , and AFG2 in any
material of plant origin.
Zinc Acetate–Aluminum Chloride Reagent—Dissolve 20 g of zinc acetate and 5 g of
aluminum chloride in sufficient water to make 100 mL.
Sodium Chloride Solution—Dissolve 5 g of sodium chloride in 50 mL of water.
Test Solution 1—Grind about 200 g of plant material to a fine powder. Transfer about 50 g of
the powdered material, accurately weighed, to a glass-stoppered flask. Add 200 mL of a
mixture of methanol and water (17:3). Shake vigorously by mechanical means for NLT 30 min,
and filter. [Note—If the solution has interfering plant pigments, proceed as directed for Test
Solution 2.] Discard the first 50 mL of the filtrate, and collect the next 40-mL portion. Transfer
the filtrate to a separatory funnel. Add 40 mL of Sodium Chloride Solution and 25 mL of solvent
hexane, and shake for 1 min. Allow the layers to separate, and transfer the lower aqueous layer
to a second separatory funnel. Extract the aqueous layer in the separatory funnel twice, each
time with 25 mL of methylene chloride, by shaking for 1 min. Allow the layers to separate each
time, separate the lower organic layer, and collect the combined organic layers in a 125-mL
conical flask. Evaporate the organic solvent on a water bath. Transfer the remaining extract to
an appropriate sample tube, and evaporate to dryness on a water bath. Cool the residue. If
interferences exist in the residue, proceed as directed for Cleanup Procedure in Test Solution 2.
Otherwise, dissolve the residue obtained above in 0.2 mL of a mixture of chloroform and
acetonitrile (9.8:0.2), and shake by mechanical means if necessary.
Test Solution 2—Collect 100 mL of the filtrate from the start of the flow, and transfer to a
250-mL beaker. Add 20 mL of Zinc Acetate–Aluminum Chloride Reagent and 80 mL of water.
Stir, and allow to stand for 5 min. Add 5 g of a suitable filtering aid, such as diatomaceous

PF 38(4): Jul.-Aug. 2012

33

earth, mix, and filter. Discard the first 50 mL of the filtrate, and collect the next 80-mL portion.
Proceed as directed for Test Solution 1, beginning with “Transfer the filtrate to a separatory
funnel.”
Cleanup Procedure—Place a medium-porosity sintered-glass disk or a glass wool plug at the
bottom of a 10-mm × 300-mm chromatographic tube. Prepare a slurry of 2 g of silica gel with a
mixture of ethyl ether and solvent hexane (3:1), pour the slurry into the column, and wash with
5 mL of the same solvent mixture. Allow the absorbent to settle, and add to the top of the
column a layer of 1.5 g of anhydrous sodium sulfate. Dissolve the residue obtained above in 3
mL of methylene chloride, and transfer it to the column. Rinse the flask twice with 1-mL
portions of methylene chloride, transfer the rinses to the column, and elute at a rate not
greater than 1 mL/min. Add successively to the column 3 mL of solvent hexane, 3 mL of ethyl
ether, and 3 mL of methylene chloride; elute at a rate not greater than 3 mL/min; and discard
the eluates. Add to the column 6 mL of a mixture of methylene chloride and acetone (9:1), and
elute at a rate not greater than 1 mL/min, preferably without the aid of vacuum. Collect this
eluate in a small vial, add a boiling chip if necessary, and evaporate to dryness on a water
bath. Dissolve the residue in 0.2 mL of a mixture of chloroform and acetonitrile (9.8: 0.2), and
shake by mechanical means if necessary.
Test Solution 3—If interferences still exist in the residue, proceed as directed for Cleanup
Procedure with IAC in Test Solution in Method II.
Aflatoxin Solution—[Caution—Aflatoxins are highly toxic. Handle with care.] Dissolve
accurately weighed quantities of AFB1 , AFB2 , AFG1 , and AFG2 in a mixture of chloroform and
acetonitrile (9.8:0.2) to obtain a solution having concentrations of 0.5 µg/mL
Dilute the USP Aflatoxins RS 1:5 with acetonitrile to obtain a solution having a concentration
of 0.4 µg/mL 2S (USP36)
each of AFB1 and AFG1 , and 0.1 µg/mL each of AFB2 and AFG2 .
Procedure—Separately apply 2.0
2.5, 2S (USP36)
5, 7.5, and 10 µL of the Aflatoxin Solution and three 10-µL applications of either Test Solution
1, Test Solution 2, or Test Solution 3 to a suitable thin-layer chromatographic plate (see
Chromatography 621 ) coated with a 0.25-mm layer of chromatographic silica gel mixture.
Superimpose 5 µL of the Aflatoxin Solution on one of the three 10-µL applications of the Test
Solution. Allow the spots to dry, and develop the chromatogram in an unsaturated chamber
containing a solvent system consisting of a mixture of chloroform, acetone, and isopropyl
alcohol (85:10:5) until the solvent front has moved NLT 15 cm from the origin. Remove the
plate from the developing chamber, mark the solvent front, and allow the plate to air-dry.
Locate the spots on the plate by examination under UV light at 365 nm.
System Suitability—The four applications of the Aflatoxin Solution appear as four clearly
separated blue fluorescent spots. Observe any spot obtained from the Test Solution that
coincides in hue and position with those of the Aflatoxin Solution. Any spot obtained from the
Test Solution with the superimposed Aflatoxin Solution is not less intense than that of the
corresponding Aflatoxin Solution.
Acceptance Criteria—No spot from any of the other applications of the Test Solution
corresponds to any of the spots obtained from the applications of the Aflatoxin Solution. If any
spot of aflatoxins is obtained in the Test Solution, match the position of each fluorescent spot
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of the Test Solution with those of the Aflatoxin Solution to identify the type of aflatoxin
present. The intensity of the aflatoxin spot, if present in the Test Solution, when compared
with that of the corresponding aflatoxin in the Aflatoxin Solution will give an approximate
concentration of aflatoxin in the Test Solution. Where the individual monograph calls for
compliance with the limits for aflatoxins, the limits are NMT 5 ppb for AFB1 and NMT 20 ppb for
the sum of AFB1 , AFB2 , AFG1 , and AFG2 , except when otherwise indicated.
Method II
Sodium Chloride Solution—See Method I.
Phosphate Buffered Saline Solution—Prepare 10 mM phosphate buffer solution containing
0.138 M sodium chloride and 0.0027 M potassium chloride in water, and adjust with 2 M sodium
hydroxide to a pH of 7.4.1
Immunoaffinity Column (IAC)—Prior to conditioning, adjust the IAC to room temperature. For
conditioning, apply 10 mL of Phosphate Buffered Saline Solution onto the column and let it flow
through the column by gravity force at a rate of 2–3 mL/min. Leave 0.5 mL of the Phosphate
Buffered Saline Solution on top of the column until the Test Solution is applied.
Test Solution—
Sample Extraction—Transfer about 5 g of a representative powdered sample, accurately
weighed, to a glass-stoppered flask. Add 20 mL of a mixture of methanol and water (17:3).
Shake vigorously by mechanical means for NLT 30 min, and filter. Discard the first 5 mL of the
filtrate, and collect the next 4-mL portion. Transfer the filtrate to a separatory funnel. Add 4
mL of Sodium Chloride Solution and 2.5 mL of hexane, and shake for 1 min. Allow the layers to
separate, and transfer the lower aqueous layer to a second separatory funnel. Extract the
aqueous layer in the separatory funnel twice, each time with 2.5 mL of methylene chloride, by
shaking for 1 min. Allow the layers to separate each time, separate the lower organic layer, and
collect the combined organic layers in a 50-mL conical flask. Evaporate the organic solvent on
a water bath. Transfer the remaining extract to an appropriate sample tube, and evaporate to
dryness on a water bath. Cool the residue. If interferences exist in the residue, proceed as
directed for Cleanup Procedure with IAC. Otherwise, dissolve the residue obtained above in 200
µL of acetonitrile, and shake by mechanical means if necessary.
Cleanup Procedure with IAC—The residue is dissolved in 5 mL of a mixture of methanol and
water (60:40) and then diluted with 5 mL of water. This extract is applied onto a conditioned
IAC. The IAC is rinsed twice with 10 mL of Phosphate Buffered Saline Solution, and the elution
is performed slowly with 2 mL of methanol. Evaporate the eluate with nitrogen, and dissolve the
residue in 200 µL of acetonitrile.
Aflatoxin Solution— [Caution—Aflatoxins are highly toxic. Handle with care.] Prepare as
directed in Method I, and then dilute 10-fold using a volumetric flask. The final solution
contains 0.05 µg/mL
Dilute quantitatively the USP Aflatoxins RS 1:50 with acetonitrile to obtain a solution
containing 0.04 µg/mL 2S (USP36)
of AFB1 and AFG1 and 0.01 µg/mL of AFB2 and AFG2 .
Analysis—Separately apply 2.0
2S (USP36)

5, 7.5, and 10 µL of Aflatoxin Solution and three 10-µL applications of the Test Solution to a
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suitable HPTLC plate (see Chromatography 621 ) coated with a 200-µm layer of
chromatographic silica gel mixture. Superimpose 5 µL of Aflatoxin Solution on one of the three
10-µL applications of the Test Solution. Allow the spots to dry, and develop the chromatogram
in a saturated chamber containing a solvent system consisting of a mixture of chloroform,
acetone, and water (140: 20: 0.3) until the solvent front has moved NLT 72 mm from the origin
(80 mm from the lower edge of the plate). Remove the plate from the developing chamber,
mark the solvent front, and allow the plate to air-dry for 5 min. Locate the spots on the plate
by scanning fluorescence density (> 400 nm) under UV light at 366 nm.
Match the position of each fluorescent spot of the Test Solution with those of Aflatoxin
Solution to identify the type of aflatoxin present. The concentration of aflatoxins in the Test
Solution can be calculated from the calibration curve obtained from the scan data with Aflatoxin
Solution. 2S (USP36)
System Suitability—The four applications of Aflatoxin Solution appear as four clearly
separated blue fluorescent spots. Observe any spot obtained from the Test Solution that
coincides in hue and position with those of Aflatoxin Solution. Any spot obtained from the Test
Solution with the superimposed Aflatoxin Solution is not less intense than that of the
corresponding Aflatoxin Solution. The mean recovery of spiked AFB1 and AFG1 is NLT 70%.
Acceptance Criteria—Match the position of each fluorescent spot of the Test Solution with
those of Aflatoxin Solution to identify the type of aflatoxin present. The concentration of
aflatoxins in the Test Solution can be calculated from the calibration curve obtained from the
scan data with Aflatoxin Solution.
2S (USP36)

Where the individual monograph calls for compliance with the limits for aflatoxins, the limits are
NMT 5 ppb for AFB1 and NMT 20 ppb for the sum of AFB1 , AFB2 , AFG1 , and AFG2 , except when
otherwise indicated.
Method III
This test method is provided as an example for the detection of the possible presence of AFB1
and total aflatoxins (AF: sum of AFB1 , AFB2 , AFG1 , and AFG2 ). It has been shown to be
suitable for powdered ginseng and ginger. Its suitability to other articles of botanical origin
must be demonstrated.
0.1 M Phosphate Buffer Solution—Dissolve 8.69 g of anhydrous disodium phosphate and 4.66
g of anhydrous monosodium phosphate or 5.36 g of monosodium phosphate monohydrate in 800
mL water, adjust with 2 M sodium hydroxide to a pH of 7.4, add 10 mL of polysorbate 20, and
dilute to 1 L.
Phosphate Buffered Saline Solution—Prepare as directed in Method II.
AFB1, AFB2, AFG1, and AFG2 Standard Stock Solutions: Weigh 10 mg of each aflatoxin into a
separate 100-mL volumetric flask. Add 50 mL of acetonitrile to each flask, mix, dilute with
additional acetonitrile to volume, and mix. Then pipet 10 mL of each solution into separate 100mL volumetric flasks, and dilute with acetonitrile to volume (Standard Aflatoxin Stock Solutions
A, B, C, and D). Record the UV spectrum of each aflatoxin solution. Determine the
concentration of aflatoxin solution by measuring absorbance (A) at a wavelength of maximum
absorption close to 360 nm and using the equation:
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µg/mL of aflatoxin = (A × MW × 1000)/ ,
where MW is molecular weight and
approximately 10 µg/mL.

is molecular absorptivity (Table 3). The concentration is

Table 3. Molecular Weights (MW) and Molar Absorptivities ( ) for Aflatoxins
Aflatoxin
MW
Solvent
AFB1
AFB2
AFG1
AFG2

312
314
328
330

Acetonitrile
Acetonitrile
Acetonitrile
Acetonitrile

20700
22500
17600
18900

Aflatoxin Standard Solution: 400 ng/mL (mixture of the AFB1, AFB2, AFG1, and AFG2 Standard
Stock Solutions at 200, 50, 100, and 50 ng/mL, respectively). Add an appropriate amount of
each aflatoxin standard stock solution to the same volumetric flask, and dilute with acetonitrile
to volume. [Note—Use the Aflatoxin Standard Solution as the spiking solution for the recovery
study. Store at

18 . Equilibrate to room temperature before use.]

Working Aflatoxin Standard Solutions—Prepare six solutions in separate 10-mL volumetric
flasks according to Table 4. Dilute with methanol and water (1:1, v/v) to volume. Store in a
refrigerator, and equilibrate to room temperature before use. Prepare the solutions daily.
Working
Aflatoxin
Standard
Solutions
1
2
3
4
5
6

Table 4. Preparation of Working Aflatoxin Standard Solutions
Aflatoxin Final Aflatoxin Concentration of Working Aflatoxin Standard Solution
Standard (ng/mL)
Solution AFB1
AFB2
AFG1
AFG2
SAF
(µL)
0
0
0
0
0
0
12.5
0.25
0.0625
0.125
0.0625
0.5
25
0.5
0.125
0.25
0.125
1
50
1
0.25
0.5
0.25
2
100
2
0.5
1
0.5
4
200
2
1
2
1
8

Working Aflatoxin Standard Solutions—Prepare six solutions in separate 10-mL volumetric
flasks according to Table 3. Dilute with methanol and water (1:1, v/v) to volume. Store in a
refrigerator, and equilibrate to room temperature before use. Prepare the solutions daily.
Working
Aflatoxin
Standard
Solutions
1
2
3
4
5

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

4

1

4

1

10

2S (USP36)

Immunoaffinity Column (IAC)2—Use an immunoaffinity column that contains monoclonal
antibodies cross reactive towards AFB1 , AFB2 , AFG1 , and AFG2 . The immunoaffinity columns
have a minimum capacity of NLT 100 ng total aflatoxin and give a recovery of NLT 80% for
AFB1 , AFB2 , AFG1 , and AFG2 when 5 ng of each AFB1 , AFB2 , AFG1 , and AFG2 is applied in 10 mL
of 10% methanol in Phosphate Buffered Saline Solution (v/v).
Test Solution—
Extraction—Weigh 5 g of a representative test sample in a 50-mL centrifuge tube. Add 1 g of
sodium chloride and 25 mL of a mixture of methanol and 0.5% sodium bicarbonate (700:300).
Mix on a vortex mixer until sample particles and extract solvent are well mixed. Shake at 400
rpm for 10 min. Centrifuge for 10 min at 7000 rpm (g value = 5323 mm/s2) or at a speed that
can result in a firm pellet of residues. Immediately pipet 7 mL into a 50-mL centrifuge tube, add
28 mL of 0.1 M Phosphate Buffer Solution, mix, and filter through glass microfiber paper. Collect
25 mL of filtrate (equivalent to 1 g of test sample) into a 25-mL graduated cylinder, and
proceed immediately with IAC chromatography.
IAC Cleanup—[Note—For IAC cleanup, columns must be kept at room temperature for at least
15 min before use.] Remove the top cap from the column, and connect it with the reservoir.
Remove the end cap from the column, and attach it to the column manifold (the fit must be
tight). Let the liquid in the column pass through until the liquid is about 2–3 mm above the
column bed. Pass 25 mL of filtrate into the reservoir. Let the filtrate flow through the column by
gravity force. Let the column run dry. In order to start the flow easily again, remove the
column from the manifold, add about 2 mL of Phosphate Buffered Saline Solution into the
column, reattach the column to the reservoir, wash the column with an additional 3 mL of
Phosphate Buffered Saline Solution and then with 5 mL of water (the 5 mL of Phosphate
Buffered Saline Solution can be added directly to the column reservoir if other techniques are
used to dislodge the air bubble at the end of the column and to start flow easily again). Let the
column run dry, then force 3 mL of air through the column with a syringe. Elute with 1 mL of
methanol, and collect the analytes in a 3-mL volumetric flask, letting the eluate drip freely. Let
the column run dry. Let stand for 1 min, then elute with an additional 1 mL of methanol, and
collect in the same volumetric flask. Let the column run dry, and force 10 mL of air through the
column. Dilute the eluate with water to volume. Use this as the Test Solution, and perform the
analysis of aflatoxins immediately.
System Suitability Solution—Prepare a spiked sample by adding 5 mL of Working Aflatoxin
Standard Solution 5 to a 5-g sample and repeating the procedure for the Test Solution, using
20 mL instead of 25 mL of the mixture of methanol and 0.5% sodium bicarbonate (700:300).
2S (USP36)

Chromatographic System—
Flow rate: 0.8 mL/min
Detection: Fluorescence detector set at excitation wavelength (Ex) 362 nm and emission
wavelength (Em) 440 nm
Column: 4.6-mm × 15-cm containing 3-µm packing L1
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Mobile phase: Isocratic
FOR POST-COLUMN DERIVATIZATION WITH PHRED CELL: Water, methanol, and acetonitrile
(600:250:150)
FOR POST-COLUMN DERIVATIZATION WITH KOBRA CELL: A solution prepared by mixing 1 L of a
mixture of water, methanol, and acetonitrile (600:250:150); 350 µL of 4 M nitric acid; and 120
mg of potassium bromide
Post-Column Derivatization (PCD) Systems—
PHRED CELL: Post-column photochemical derivatization cell3
KOBRA CELL: Electrochemical cell, post-column bromination derivatization cell4
Analysis—
Post-Column Derivatization for Aflatoxins—Use a UV or Kobra cell. Inject 50 µL of reagent blank
(Working Aflatoxin Standard Solution 1), the Working Aflatoxin Standard Solutions 2–6 or the
Test Solution into the LC column. Identify the aflatoxin peaks in the Test Solution by comparing
the retention times with those of the working standards. The aflatoxins elute in the order AFG2 ,
AFG1 , AFB2 , and AFB1 . After passing through the PHRED or Kobra cell, the AFG1 and AFB1 have
been derivatized to form AFG2a (derivative of AFG1 ) and AFB2a (derivative of AFB1 ). [Note—The
chemical structures of the derivatives resulting from electrochemical bromination and photolysis
are not the same. The structures of AFB1 and AFG1 photolysis products have not been
established.] The retention times of AFG2 , AFG2a, AFB2 , and AFB2a are between about 14 and
27 min using the PHRED cell; retention times are shorter using the Kobra cell. The peaks should
be baseline resolved. Construct standard curves for each aflatoxin. Determine the
concentration of each aflatoxin in the Test Solution from the calibration curve.
Aflatoxins Calibration Curves—Calibration curves are prepared for each of the aflatoxins using
the Working Aflatoxin Standard Solutions containing the four aflatoxins described. These
solutions cover the range of 0.25–4 ng/mL for AFB1 , 0.0625 to 1 ng/mL for AFB2 , 0.125 to 2
ng/mL for AFG1 , and 0.0625 to 1 ng/mL for AFG2
and AFG1 , and the range of 0.0625–1 ng/mL for AFB2 and AFG2 . 2S (USP36)
Make the calibration curves prior to analysis according to Table 3, and check the plot for
linearity. If the test portion area response is outside (higher) the calibration range, then the
Test Solution should be diluted with a mixture of methanol and water (1:1, v/v) and reinjected
into the LC column.
Quantitation of Aflatoxins—Quantitation of aflatoxins is performed by measuring peak areas at
each aflatoxin retention time and comparing them with the corresponding calibration curve.
Acceptance Criteria
System Suitability 2S (USP36)
—The mean recovery of spiked AFB1 (2 µg/kg) and the total of aflatoxins [AFB1 (2 µg/kg), AFB2
(0.5 µg/kg), AFG1 (1 µg/kg) and AFG2 (0.5 µg/kg)]
(5 µg/kg) 2S (USP36)
is NLT 68% and 70%, respectively. The relative standard deviation (RSD) is NMT 10% for AFB1
and for the total of aflatoxins.
Calculations—Plot the peak area (response, y-axis) of each of the toxin standards against the
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concentration (ng/mL, x-axis) and determine the slope (S) and y-intercept (a). Calculate the
level of toxin in the sample by the following formula:
Toxin (µg/kg) = {[(R – a)/S] × V/W} × F
where R is the Test Solution peak area; V is the final volume of the injected Test Solution (mL);
and F is the dilution factor. F = 1 when V = 3 mL. W is 1 g of test sample passed through the
immunoaffinity column. The total of aflatoxins is the sum of AFG2 , AFG1 , AFB2 , and AFB1 .
Acceptance Criteria—Where the individual monograph calls for compliance with the limits for
aflatoxins, the limits are NMT 5 ppb for AFB1 and NMT 20 ppb for the sum of AFB1 , AFB2 , AFG1 ,
and AFG2 , except when otherwise indicated. 2S (USP36)
GENERAL METHOD FOR PESTICIDE RESIDUES ANALYSIS
Definition—Where used in this Pharmacopeia, the designation pesticide applies to any
substance or mixture of substances intended to prevent, destroy, or control any pest,
unwanted species of plants or animals causing harm during or otherwise interfering with the
production, processing, storage, transport, or marketing of pure articles. The designation
includes substances intended for use as growth regulators, defoliants, or desiccants, and any
substance applied to crops before or after harvest to protect the product from deterioration
during storage and transport.
Limits—Within the United States, many botanicals are treated as dietary supplements and are
subject to the statutory provisions that govern foods but not drugs in the Federal Food, Drug,
and Cosmetic Act. Limits for pesticides for foods are determined by the Environmental
Protection Agency (EPA) as indicated in the Code of Federal Regulations (40 CFR Part 180) or
the Federal Register (FR). For pesticide chemicals without EPA-established tolerance levels, the
limits should be below the detection limit of the specified method. Results less than the EPA
detection limits are considered zero values. The limits contained herein, therefore, are not
applicable in the United States when articles of botanical origins are labeled for food purposes.
The limits, however, may be applicable in other countries where the presence of pesticide
residues is permitted. Unless otherwise indicated in the monograph, the article to be examined
complies with the limits indicated in Table 4. The limits for suspected pesticides that are not
listed in Table 4 must comply with the regulations of the EPA. For instances in which a
pesticide is not listed in Table 4 or in EPA regulations, calculate the limit by the formula:
Limits (mg/kg) = AM/100B
where A is the acceptable daily intake (ADI), as published by FAO-WHO, in mg/kg of body
weight; M is body weight, in kg (60 kg); and B is the daily dose of the article, in kg.
If the article is intended for the preparation of extracts, tinctures, or other pharmaceutical
forms of which the preparation method modifies the content of pesticides in the finished
product, calculate the limits by the formula:
Limits (mg/kg) = AME/100B
where E is the extraction factor of the preparation method, determined experimentally; and A,
M, and B are as defined above.
A total or partial exemption from the test may be granted when the complete history (nature
and quantity of the pesticides used, date of each treatment during cultivation and after
harvest) of the treatment of the batch is known and can be checked precisely according to
good agricultural and collection practice (GACP).
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Table 4
Substance
Acephate
Alachlor
Aldrin and dieldrin (sum of)
Azinphos-ethyl
Azinphos-methyl
Bromide, inorganic
(calculated as bromide ion)
Bromophos-ethyl
Bromophos-methyl
Brompropylate
Chlordane
(sum of cis-, trans-, and
oxychlordane)
Chlorfenvinphos
Chlorpyriphos-ethyl
Chlorpyriphos-methyl
Chlorthal-dimethyl
Cyfluthrin (sum of)
-Cyhalothrin
Cypermethrin and isomers (sum of)
DDT (sum of o,p¢-DDE,
p,p¢-DDE, o,p¢-DDT,
p,p¢-DDT, o,p¢-TDE,
and p,p¢-TDE)
Deltamethrin
Diazinon
Dichlofluanid
Dichlorvos
Dicofol
Dimethoate and omethoate (sum of)
Dithiocarbamates (expressed as CS2)
Endosulfan (sum of isomers
and endosulfan sulphate)
Endrin
Ethion
Etrimphos
Fenchlorophos (sum of
fenchlorophos and
fenchlorophos-oxon)
Fenitrothion
Fenpropathrin

Limit
(mg/kg)
0.1
0.05
0.05
0.1
1
50
0.05
0.05
3

0.05
0.5
0.2
0.1
0.01
0.1
1
1

1
0.5
0.5
0.1
1
0.5
0.1
2
3
0.05
2
0.05

0.1
0.5
0.03
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Fensulfothion
(sum of fensulfothion,
fensulfothion-oxon,
fensulfothion-oxonsulfon,
and fensulfothion-sulfon)
Fenthion (sum of fenthion,
fenthion-oxon, fenthion-oxon-sulfon,
fenthion-oxon-sulfoxid,
fenthion-sulfon, and
fenthion-sulfoxid)
Fenvalerate
Flucytrinate
-Fluvalinate
Fonophos
Heptachlor (sum of heptachlor,
cis-heptachlorepoxide, and
trans-heptachlorepoxide)
Hexachlorbenzene
Hexachlorocyclohexane
(sum of isomers -, -, -, and

0.05

0.05
1.5
0.05
0.05
0.05

0.05
0.1
-)

Lindan ( -hexachlorocyclohexane)
Malathion and malaoxon (sum of)
Mecarbam
Methacriphos
Methamidophos
Methidathion
Methoxychlor
Mirex
Monocrotophos
Parathion-ethyl and Paraoxon-ethyl
(sum of)
Parathion-methyl and Paraoxon-methyl
(sum of)
Pendimethalin
Pentachloranisol
Permethrin and isomers (sum of)
Phosalone
Phosmet
Piperonyl butoxide
Pirimiphos-ethyl
Pirimiphos-methyl
(sum of pirimiphos-methyl and
N-desethyl-pirimiphos-methyl
Procymidone
Profenophos
Prothiophos

0.3
0.6
1
0.05
0.05
0.05
0.2
0.05
0.01
0.1
0.5
0.2
0.1
0.01
1
0.1
0.05
3
0.05

4
0.1
0.1
0.05
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Pyrethrum (sum of cinerin I,
cinerin II, jasmolin I, jasmolin II,
pyrethrin I, and pyrethrin II)
Quinalphos
Quintozene (sum of quintozene,
pentachloraniline, and methyl
pentachlorphenyl sulfide)
S-421
Tecnazene
Tetradifon
Vinclozolin

3
0.05

1
0.02
0.05
0.3
0.4

Reagents—Use reagents and solvents that are free from any contaminants, especially
pesticides, that might interfere with the analysis. It is often necessary to use special grade
solvents suitable for pesticide residue analysis or solvents that have recently been redistilled in
an apparatus made entirely of glass. In any case, suitable blank tests must be performed.
Preparation of Apparatus—Clean all equipment, especially glassware, to ensure that it is free
from pesticides. Soak all glassware for a minimum of 16 h in a solution of phosphate-free
detergent, rinse with copious quantities of distilled water, and then wash with acetone,
followed by hexane or heptane.
Qualitative and Quantitative Analysis of Pesticide Residues—Use validated analytical
procedures (e.g., FDA Pesticide Analytical Manual (PAM)
[http://www.fda.gov/Food/ScienceResearch/LaboratoryMethods/PesticideAnalysisManualPAM/default.htm],
or other analytical procedures validated in accordance with EU guideline [Note—Document No.
SANCO/10232/2006, http://ec.europa.eu/food/plant/resources/qualcontrol_en.pdf] or Validation
of Compendial Procedures 1225 .) that satisfy the following criteria. The method, especially
with respect to its purification steps, is suitable for the combination of pesticide residue and
substance under test, and is not susceptible to interference from co-extractives. Measure the
limits of detection and quantification for each pesticide matrix combination to be analyzed: the
method is shown to recover between 70% and 110% of each pesticide; the repeatability and
reproducibility of the method are NLT the appropriate values indicated in Table 5; and the
concentrations of test and reference solutions and the setting of the apparatus are such that
a linear response is obtained from the analytical detector.
Table 5
Concentration Range
of the
Pesticide (mg/kg)
0.001–0.01
>0.01–0.1
>0.1–1
>1

Repeatability (RSD)
(%)
30
20
15
10
TEST FOR PESTICIDES

Reproducibility (RSD)
(%)
60
40
30
20
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Unless otherwise specified in the individual monograph, the following methods may be used for
the analysis of pesticides. Depending on the substance being examined, it may be necessary to
modify, sometimes extensively, the procedure described hereafter. Additionally, it may be
necessary to perform another method with another column having a different polarity, another
detection method (e.g., mass spectrometry), or a different method (e.g., immunochemical
method) to confirm the results.
Extraction— [Note—Use the following procedure for the analysis of samples of articles having
a water content of less than 15%. Samples having a higher water content may be dried,
provided that the drying procedure does not significantly affect the pesticide content.] To 10 g
of the coarsely powdered substance under test add 100 mL of acetone, and allow to stand for
20 min. Add 1 mL of a solution in toluene containing 1.8 µg of carbophenothion per mL. Mix in a
high-speed blender for 3 min. Filter this solution, and wash the residue with two 25-mL portions
of acetone. Combine the filtrate and the washings, and heat, in a rotary evaporator,
maintaining the temperature of the bath below 40 until the solvent has almost completely
evaporated. To the residue add a few mL of toluene, and heat again until the acetone is
completely removed. Dissolve the residue in 8 mL of toluene. Pass through a membrane filter of
45-µm pore size, rinse the flask and the filter with toluene, dilute with toluene to 10.0 mL
(Solution A), and mix.
Purification—
Organochlorine, Organophosphorus, and Pyrethroid Insecticides—The size-exclusion
chromatograph is equipped with a 7.8-mm × 30-cm stainless steel column containing 5-µm
packing L21. Toluene is used as the mobile phase at a flow rate of about 1 mL/min.
Performance of the Column—Inject 100 µL of a solution in toluene containing, in each mL, 0.5
mg of methyl red and 0.5 mg of oracet blue or equivalent. The column is not suitable unless the
color of the eluate changes from orange to blue at an elution volume of about 10.3 mL. If
necessary, calibrate the column, using a solution in toluene containing suitable concentrations
of the pesticide of interest having the lowest molecular weight (for example, dichlorvos) and
that having the highest molecular weight (for example, deltamethrin). Determine which fraction
of the eluate contains both pesticides.
Purification of the Test Solution—Inject a suitable volume (100 to 500 µL) of Solution A into the
chromatograph. Collect the fraction (Solution B) as determined above under Performance of the
Column. Organophosphorus pesticides elute between 8.8 and 10.9 mL. Organochlorine and
pyrethroid pesticides elute between 8.5 and 10.3 mL.
Organochlorine and Pyrethroid Insecticides—Into a 5-mm × 10-cm chromatographic column,
introduce a piece of fat-free cotton and 0.5 g of silica gel treated as follows. Heat
chromatographic silica gel in an oven at 150 for at least 4 h. Allow to cool, and add dropwise a
quantity of water corresponding to 1.5% of the weight of silica gel used. Shake vigorously until
agglomerates have disappeared, and continue shaking by mechanical means for 2 h. Condition
the column with 1.5 mL of hexane. [Note—Prepacked columns containing about 0.50 g of a
suitable silica gel may also be used, provided they have been previously validated.]
Concentrate Solution B almost to dryness, with the aid of a stream of helium or oxygen-free
nitrogen, and dilute with toluene to a suitable volume (200 µL to 1 mL, according to the volume
injected in the preparation of Solution B). Quantitatively transfer this solution to the column,
and proceed with the chromatography, using 1.8 mL of toluene as the mobile phase. Collect the
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eluate (Solution C).
Quantitative Analysis of Organophosphorus Insecticides—
Test Solution—Concentrate Solution B almost to dryness, with the aid of a stream of helium,
dilute with toluene to 100 µL, and mix.
Standard Solution—Prepare at least three solutions in toluene containing each of the pesticides
of interest and carbophenothion at concentrations suitable for plotting a calibration curve.
Chromatographic System—The gas chromatograph is equipped with an alkali flame-ionization
detector or a flame-photometric detector and a 0.32-mm × 30-m fused silica column coated
with a 0.25-µm layer of phase G1. Hydrogen is used as the carrier gas. Other gases, such as
helium or nitrogen, may also be used. The injection port temperature is maintained at 250 , and
the detector is maintained at 275 . The column temperature is maintained at 80 for 1 min,
then increased to 150 at a rate of 30 /min, maintained at 150 for 3 min, then increased to
280 at a rate of 4 /min, and maintained at this temperature for 1 min. Use carbophenothion as
the internal standard. [Note—If necessary, use a second internal standard to identify any
possible interference with the peak corresponding to carbophenothion.] Inject the chosen
volume of each solution, record the chromatograms, and measure the peak responses.
Calculate the content of each pesticide from the peak areas and the concentrations of the
solution.
Quantitative Analysis of Organochlorine and Pyrethroid Insecticides—
Test Solution—Concentrate Solution C almost to dryness, with the aid of a stream of helium or
oxygen-free nitrogen, dilute with toluene to 500 µL, and mix.
Standard Solution—Prepare at least three solutions in toluene containing each of the pesticides
of interest and carbophenothion at concentrations suitable for plotting a calibration curve.
Chromatographic System—The gas chromatograph is equipped with an electron-capture
detector, a device allowing direct on-column cold injection, and a 0.32-mm × 30-m fused silica
column coated with a 0.25-µm layer of phase G1. Hydrogen is used as the carrier gas. Other
gases, such as helium or nitrogen, may also be used. The injection port temperature is
maintained at 275 , and the detector is maintained at 300 . The column temperature is
maintained at 80 for 1 min, then increased to 150 at a rate of 30 /min, maintained at 150
for 3 min, then increased to 280 at a rate of 4 /min, and maintained at this temperature for 1
min. Use carbophenothion as the internal standard. [Note—If necessary, use a second internal
standard to identify any possible interference with the peak corresponding to
carbophenothion.] Inject the chosen volume of each solution, record the chromatograms, and
measure the peak responses. Calculate the content of each pesticide from the peak areas and
the concentrations of the solutions.
1 A suitable powder mixture is available from Sigma as PBS P-3813.
2 AflaOchraTest column (G1017; Vicam, Watertown, MA, USA) or equivalent. Aflatoxin/OTA immunoaffinity
columns are suitable.
3 PHRED ™ Photochemical Reactor (AURA Industries, New York, NY, USA) or equivalent. Avoid looking at the
UV lamp.
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4 Kobra C ell™ (R-Biopharm Inc., Marshall, MI, USA) or equivalent. Set at 100 mA. Do not turn on the current
until the LC pump is operating to avoid overheating the cell membrane.

BRIEFING
698 Deliverable Volume, page 5154 of the First Supplement to USP 35 and PF 37(3)
[May–June 2011]. It is proposed to revise this general chapter on the basis of information
developed in the USP Dosage Forms Performance Laboratory and detailed in “Revision of USP
General Chapter Deliverable Volume 698 ”, appearing in the Stimuli to the Revision Process
section of this PF. Laboratory investigations have demonstrated that reducing the allowed drain
time from 30 min to 10 min is justified for products packaged in volumes of 250 mL and greater.
The wording in the procedures for determining deliverable volume by weight and using a
graduated cylinder acknowledge the testing of multiple-unit oral liquids with flow restrictors by
use of the word “discharge” in place of the word “pour”. Also, it is proposed to recognize that
labeling instructions should guide the discharge during these procedures. In addition, it is
proposed to change the formatting of the chapter by incorporating two new section heads for
Purpose and Scope of the chapter.
(GCDF: W. Brown.)
Correspondence Number—C100111

Comment deadline: September 30, 2012
698

DELIVERABLE VOLUME

Delete the following:
The following tests are designed to provide assurance that oral liquids will, when transferred
from the original container, deliver the volume of dosage form that is declared on the label of
the article. These tests are applicable to products labeled to contain not more than 250 mL,
whether supplied as liquid preparations or liquid preparations that are constituted from solids
upon the addition of a designated volume of a specific diluent. They are not required for an
article packaged in single-unit containers when the monograph includes the Uniformity of
Dosage Units

905

test.

2S (USP36)

Add the following:
PURPOSE
The following tests are designed to provide assurance that oral liquids will, when transferred
from the original container, deliver the volume of dosage form that is declared on the label.
2S (USP36)

Add the following:
SCOPE
These tests are applicable to products whether supplied as liquid preparations or liquid
preparations that are consitituted from solids upon the addition of a designated volume of a
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specific diluent. They are not required for an article packaged in single-unit containers when
the monograph includes the test for Uniformity of Dosage Units

905 .

2S (USP36)

Add the following:
DENSITY DETERMINATION
Because of the tendency of oral liquids to entrain air when transferred, a more accurate
method for determining the delivered volume is to first determine the delivered mass, and then,
using the density of the material, to convert the mass to delivered volume. In order to do that,
a determination of the true
2S (USP36)

density of the material is required. The following is one method to determine true
2S (USP36)

density:
1.
2.
3.
4.

Tare a 100-mL volumetric flask containing 50.0 mL of water.
Add approximately 25 g of well-shaken product, and gently swirl the contents to mix.
Reweigh the flask.
From a buret, add an accurately measured amount of water to bring the flask contents
to volume while gently swirling the contents of the flask. Record the volume taken from
the buret.
5. Calculate the density of the sample:

W/V
in which W is the weight, in g, of the material taken; and V is 50.0 mL minus the volume, in mL,
of water necessary to adjust the contents of the flask to volume. Other methods to determine
the true
2S (USP36)

density may be employed depending on the formulation (e.g., substantially nonaqueous
formulations). 1S (USP35)
TEST PREPARATIONS
For the determination of deliverable volume, select NLT 30 containers, and proceed as follows
for the dosage form designated.
Oral Solutions, Oral Suspensions, and Other Oral Liquid Dosage Forms—Shake the
contents of 10 containers individually.
Powders That Are Labeled to State the Volume of Oral Liquid That Results When the
Powder Is Constituted with the Volume of Diluent Stated in the Labeling—Constitute 10
containers with the volume of diluent stated in the labeling, accurately measured, and shake
individually.
Change to read:
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PROCEDURE
The deliverable volume can be determined
by weight 2S (USP36)
as follows:
1. Discharge the container contents into a suitable tared container (allowing drainage for
NMT 5 s for single-dose containers and NMT 30
10 2S (USP36)
min for multiple-unit containers).
2. Determine the mass of the contents.
3. Calculate the volume using the true
2S (USP36)

density.
Alternatively, the following
by volume 2S (USP36)
procedure may be used:
1. Being careful to avoid the formation of air bubbles, gently pour the contents of each
container
Under conditions of use or as instructed in the labeling, carefully discharge the
contents of each container 2S (USP36)
into separate dry graduated cylinders of a rated capacity not exceeding two and a half
times the volume to be measured, and calibrated “to contain” (see Volumetric
Apparatus 31 ).
Care must be taken to avoid the formation of air bubbles during the process. In the
absence of labeling instructions, support the containers at about a 30 angle to the
horizontal, and gently pour the contents into the graduated cylinder. 2S (USP36)
2. Allow each container to drain for a period not to exceed 30
10 2S (USP36)
min for multiple-unit containers and 5 s for single-unit containers, unless otherwise
specified in the monograph.
3. When free from bubbles, measure the volume of each mixture.
1S (USP35)

ACCEPTANCE CRITERIA
Use the following criteria to determine compliance with this test.
For Multiple-Unit Containers (see Figure 1)—The average volume of liquid obtained from the
10 containers is NLT 100%, and the volume of no container is less than 95% of the volume
declared in the labeling. If A, the average volume is less than 100% of that declared in the
labeling, but the volume of no container is less than 95% of the labeled amount, or if B, the
average volume is NLT 100% and the volume of NMT 1 container is less than 95%, but is NLT
90% of the labeled volume, perform the test on 20 additional containers. The average volume
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of liquid obtained from the 30 containers is NLT 100% of the volume declared in the labeling;
and the volume of liquid obtained from NMT 1 of the 30 containers is less than 95%, but NLT
90% of that declared in the labeling.

Figure 1. Decision scheme for multiple-unit containers. (AV = average volume; LV = labeled
volume)
For Single-Unit Containers (see Figure 2)—The average volume of liquid obtained from the 10
containers is NLT 100%, and the volume of each of the 10 containers lies within the range of
95%–110% of the volume declared in the labeling. If A, the average volume is less than 100%
of that declared in the labeling, but the volume of no container is outside the range of 95%–
110%, or if B, the average volume is NLT 100% and the volume of NMT 1 container is outside
the range of 95%–110%, but within the range of 90%–115%, perform the test on 20 additional
containers. The average volume of liquid obtained from the 30 containers is NLT 100% of the
volume declared in the labeling; and the volume obtained from NMT 1 of the 30 containers is
outside the range of 95%–110%, but within the range of 90%–115% of the volume declared on
the labeling.

Figure 2. Decision scheme for single-unit containers. (AV = average volume; LV = labeled
volume)
BRIEFING
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1030 Biological Assay Chapters—Overview and Glossary. USP has written a suite of
three new general information chapters that pertain to bioassays: Design and Development of
Biological Assays

1032 , Biological Assay Validation

1033 , and Analysis of Biological Assays

1034 , official in the First Supplement to USP 35. The purpose of chapter 1030 is to
provide a road map for the three other chapters cited here and to address some common
material. In particular, chapter

1030

includes a glossary of bioassay-related terms. It is

based on the glossary currently in chapter

1034 , and it will be removed from chapter

1034

after chapter 1030 becomes official. In preparing proposed new chapter 1030 , USP
has considered public comments received for the version of the Glossary published as part of
chapter

1034

in PF 36(4) (July–Aug. 2010), page 1005.

Comments regarding this material should be sent to Maura C. Kibbey, PhD (mck@usp.org).
(STAT: M. Kibbey.)
Correspondence Number—C114527

Comment deadline: September 30, 2012
Add the following:
1030

BIOLOGICAL ASSAY CHAPTERS—OVERVIEW AND GLOSSARY

USP–NF contains four general information chapters regarding the development, validation, and
analysis of bioassays (biological assays): Design and Analysis of Biological Assays

111 ,

Design and Development of Biological Assays

1033 , and

Analysis of Biological Assays
Overview and Glossary

1032 , Biological Assay Validation

1034 . This proposed new chapter, Biological Assay Chapters—

1030 , provides an overview and some material common to chapters

1032 , 1033 , and 1034 , including a glossary of bioassay-related terms.
The suite of USP bioassay chapters focuses on relative potency assays. These assays
recognize the inherent variability in biological test systems (whether animals or cells) that may
be seen from laboratory to laboratory and from day to day. That inherent variability
compromises the reliability of an absolute measure of potency. In relative potency assays, the
biological activity of a Test material is compared to the activity of a Standard in an assay
system wherein the use of a Standard reduces the influence of the inherent variability of the
system on the estimation of relative potency. Relative potency assays also provide focus on
important variability in response because of differences between the Test and Standard
materials (if such a difference exists). The Test is expected to behave as a dilution or
concentration of the Standard and should exhibit the property of similarity. Although they are
intended for relative potency bioassays, the principles and practices developed in these
chapters may have wider application—for example, to immunoassays and receptor-ligand–
binding assays used to determine relative potency.
Chapter 1032 provides information for scientists developing a new biological assay. As seen
in Table 1, the chapter covers a range of activities across the life cycle of the assay, with
emphasis on development leading to validation, including the choice of test system and design
considerations (e.g., plate layout). It also addresses data analysis strategies that should be
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considered during development (before validation) but that are not routinely addressed later.
Among these strategies are the choice of weighting scheme, data transformation, if any, and
choice of statistical model. Statistical details in support of these sections of chapter
are found in chapter

1032

1034 .

Table 1. Primary Sections of Design and Development of Biological Assays 1032
Section
Section Title
1
Introduction
1.1
Purpose and Scope
1.2
Audience
2
Bioassay Fitness for Use
2.1
Process Development
2.2
Process Characterization
2.3
Product Release
2.4
Process Intermediates
2.5
Stability
2.6
Qualification of Reagents
2.7
Product Integrity
3
Bioassay Fundamentals
3.1
In Vivo Bioassays
3.2
Ex Vivo Bioassays
3.3
In Vitro (Cell-Based) Bioassays
3.4
Standard
4
Statistical Aspects of Bioassay Fundamentals
4.1
Data
4.2
Assumptions
4.3
Variance Heterogeneity, Weighting, and Transformation
4.4
Normality
4.5
Linearity of Concentration–Response Data
4.6
Common Bioassay Models
4.7
Suitability Testing
4.8
Outliers
4.9
Fixed and Random Effects in Models of Bioassay Response
5
Stages in the Bioassay Development Process
5.1
Design: Assay Layout, Blocking, and Randomization
5.2
Development
5.3
Data Analysis during Assay Development
5.4
Bioassay Validation
5.5
Bioassay Maintenance
Chapter 1034 provides information about the data analyses appropriate for common relative
potency bioassays, including parallel-line, slope-ratio, parallel-curve, and quantal models. The
chapter also includes analyses supporting system and sample suitability assessment and
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methods for combining results from independent assays (see Table 2). This chapter is the most
statistically advanced of the three chapters but is designed to be suitable for both biologists
and statisticians. The conceptual material requires only a minimal statistical background.
Methods sections require a statistical background at the level of Analytical Data—
Interpretation and Treatment

1010

and familiarity with linear regression.

Table 2. Primary Sections of Analysis of Biological Assays 1034
Section
Section Title
1
Introduction
2
Overview of Analysis of Bioassay Data
3
Analysis Models
3.1
Quantitative and Qualitative Assay Responses
3.2
Overview of Models for Quantitative Responses
3.3
Parallel-Line Models for Quantitative Responses
3.4
Nonlinear Models for Quantitative Responses
3.5
Slope–Ratio Concentration–Response Models
3.6
Dichotomous (Quantal) Assays
4
Confidence Intervals
4.1
Combining Results from Multiple Assays
4.2
Combining Independent Assays (Sample-Based Confidence Interval Methods)
4.3
Model-Based Methods
5
Additional Sources of Information
Chapter

1033

is intended to follow chapters

1032

(assay development) and

1034

(development of data analysis plans). That is, chapter 1033 assumes a fully developed
bioassay (including a data analysis plan and at least prospective values for system and sample
suitability criteria and the bioassay format) and provides guidance about the validation of that
assay. The chapter addresses the validation characteristics relevant to relative potency
bioassays and provides more detail regarding the statistical methods used in validation than
does Validation of Compendial Procedures

1225 . Principles and practices developed in

chapter 1033 , although they are intended for relative potency assays, may have wider
application. The chapter emphasizes validation approaches that provide flexibility in adopting
new bioassay methods, new biological drug products, or both (see Table 3).
Table 3. Primary Sections of Biological Assay Validation 1033
Section
Section Title
1
Introduction
2
Fundamentals of Bioassay Validation
2.1
Bioassay Validation Protocol
2.2
Documentation of Bioassay Validation Results
2.3
Bioassay Validation Design
2.4
Validation Strategies for Bioassay Performance Characteristics
2.5
Validation Target Acceptance Criteria
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2.7
3
3.1
3.2
3.3
3.4
3.5
4
Appendix
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Assay Maintenance
Statistical Considerations
A Bioassay Validation Example
Intermediate Precision
Relative Accuracy
Range
Use of Validation Results for Bioassay Characterization
Confirmation of Intermediate Precision and Revalidation
Additional Sources of Information
Measures of Location and Spread for Lognormally Distributed Variables
GLOSSARY

This glossary pertains to biological assays and provides a compendial perspective that is
consistent across USP–NF’s suite of bioassay chapters, is complementary to previous
authoritative usage, and provides a useful focus on the bioassay context. In many cases the
terms cited here have common, though undocumented, usages or are defined in Validation of
Compendial Procedures

1225

and in the International Conference on Harmonization (ICH)

Guideline Q2(R1), Validation of Analytical Procedures: Text and Methodology.1 (Chapter

1225

and ICH Q2(R1) agree on definitions.) The Glossary is intended to be consistent with these
precedent usages, and notes are provided when a difference arises because of the bioassay
context. Definitions from 1225

and ICH Q2(R1) are identified as, for example, “ 1225 ” if

taken without modification, or “adapted from 1225 ” if taken with minor modification for
application to bioassay. Most definitions are accompanied by notes that elaborate on the
bioassay context.
The terms are organized alphabetically within five topic sections:
I. General terms related to bioassays
II. Terms related to performance of bioassays
III. Terms related to precision and accuracy
IV. Terms related to validation
V. Terms related to statistical design and analysis
Table 4 shows each term and the Glossary section in which it can be found.
Table 4. Terms Listed in the Glossary
Term
Section
Term
Accuracy
III
Modeling, statistical
Analysis of variance (ANOVA)
V
Nested
Analytical procedure
I
Out of specification
Assay
I
Parallelism
Assay data set
I
Partially crossed
Bioassay
I
Point estimate
Biological assay
I
Potency

Section
V
V
II
V
V
V
I
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Blocking
Complete block design
Confidence interval
Crossed
Design of experiments (DOE)
Dilutional linearity
Direct bioassays
Equivalence test
Expected mean square
Experimental design
Experimental unit
Factor
Factorial design
Fixed effect
Fixed factor
Format variability
Format, bioassay
Fractional factorial design
Full factorial design
General linear model
Geometric coefficient of variation
Geometric standard deviation
Incomplete block design
Independence
Indirect bioassays
Interaction
Intermediate precision
Level
Linearity, dilutional
Lognormal distribution
Lower limit of quantitation
Mean square
Mixed-effects model

V
V
V
V
V
IV
I
V
V
V
V
V
V
V
V
III
II
V
V
V
III
III
V
V
I
V
III
V
IV
V
IV
V
V

Precision
Pseudoreplication
P value
Quantitation limit
Random effect
Random error
Random factor
Randomization
Range
Relative bias
Relative potency
Repeatability
Replication
Reportable value
Reproducibility
Robustness
Run
Sample suitability
Significance probability
Similar preparations
Similarity
Specificity
Standard error of estimate
Statistical process control (SPC)
System suitability
Systematic error
True replicates
Truncation bias
Type I error
Type II error
Uncertainty, types of
Validation, assay
Variance component analysis

III
V
V
IV
V
III
V
V
IV
III
I
III
V
I
III
IV
I
II
V
I
I
III
V
V
II
III
V
III
V
V
III
IV
V

I. General Terms Related to Bioassays
Analytical procedure [adapted from Q2(R1)]—Detailed description of the steps necessary
to perform the analysis.
Notes: 1. The procedure may include but is not limited to the sample preparation, the
Reference Standard, and the reagents; use of equipment; generation of the standard curve;
use of the formulae for the calculation; etc. 2. An FDA Guidance2 provides a list of information
that typically should be included in the description of an analytical procedure.
Assay—Analytical procedure to determine the quantity of one or more components or the
presence or absence of one or more components.
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Notes: 1. Assay often is used as a verb synonymous with test or evaluate, as in “I will assay
the material for impurities.” In this glossary, assay is a noun and is synonymous with analytical
procedure (q.v.). 2. The phrase to run the assay means to perform the analytical procedure as
specified. 3. In common practice, assay and run (q.v.) often are used interchangeably. In this
glossary, they are different. Also see bioassay and bioassay data set.
Assay data set—The set of data used to determine a single potency or relative potency for all
samples included in the bioassay.
Notes: 1. The definition of an assay data set can be subject to interpretation as necessarily a
minimal set. It may be possible to determine a potency or relative potency from a set of data
but not do this well. It is not the intent of this definition to mean that an assay data set is the
minimal set of data that can be used to determine a relative potency. In practice, an assay
data set should include, at least, sufficient data to assess similarity (q.v.). It also may include
sufficient data to assess other assumptions. 2. It is also not an implication of this definition
that assay data sets used together in determining a reportable value (q.v.) are necessarily
independent from one another, although it may be desirable that they be so. When a run (q.v.)
consists of multiple assay data sets, independence of assay sets within the run must be
evaluated.
Bioassay, biological assay (these terms are interchangeable)—Analysis (as of a drug) to
quantify the biological activity or activities of one or more components by determining its
capacity for producing an expected biological activity on a culture of living cells (in vitro) or on
test organisms (in vivo), expressed in terms of units.
Notes: 1. The description of a bioassay includes the analytical procedure, the statistical design
for collecting data, and the method of statistical analysis that eventually yields the estimated
potency or relative potency. 2. Bioassays can be either direct or indirect.
Direct bioassays—Bioassays that measure the concentration of a substance that is required
in order to elicit a specific response. For example, the potency of digitalis can be directly
estimated from the concentration required to stop a cat's heart. In a direct assay, the
response must be distinct and unambiguous. The substance must be administered in such a
manner that the exact amount (threshold concentration) needed to elicit a response can be
readily measured and recorded.
Indirect bioassays— Bioassays that compare the magnitude of responses for nominally equal
concentrations of reference and test preparations rather than test and reference
concentrations that are required to achieve a specified response. Most biological assays in
USP–NF are indirect assays that are based on either quantitative or quantal (yes/no)
responses.
Potency [21 CFR 600.3(s)]— The specific ability or capacity of the product, as indicated by
appropriate laboratory tests or by adequately controlled clinical data obtained through the
administration of the product in the manner intended, to effect a given result.
Notes: 1. A wholly impotent sample has no capacity to produce the expected specific
response, as a potent sample would. Equipotent samples produce equal responses at equal
dosages. Potency typically is measured relative to a Reference Standard or preparation that
has been assigned a single unique value (e.g., 100.0) for the assay; see relative potency. At
times, additional qualifiers are used to indicate the physical standard employed (e.g.,
“international units”). 2. Some biological products have multiple uses and multiple assays. For
such products there may be different reference lots that do not have consistently ordered
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responses across a collection of different relevant assays. 3. [21 CFR 610.10] Tests for
potency shall consist of either in vitro or in vivo tests, or both, which have been specifically
designed for each product so as to indicate its potency in a manner adequate to satisfy the
interpretation of potency given by the definition in 21 CFR 600.3(s).
Relative potency—A measure obtained from the comparison of a Test to a Standard on the
basis of capacity to produce the expected potency.
Notes: 1. A frequently invoked perspective is that relative potency is the degree to which the
Test preparation is diluted or concentrated relative to the Standard. 2. Relative potency is
unitless and is given definition, for any test material, solely in relation to the reference material
and the assay.
Reportable value—The value that will be compared to an acceptance criterion.
Notes: 1. The acceptance criterion for comparison may be in the USP monograph, or it may be
set by the company, e.g., for product release. 2. The term reportable value is inextricably
linked to the “intended use” of an analytical procedure. Assays are performed on samples in
order to yield results that can be used to evaluate some parameter. Assays may have different
summary values or formats for different purposes (e.g., lot release vs. stability). The reportable
value may be different even if the mechanics of the test itself are identical. Validation is
required in order to support the properties of each choice of reportable value. In practice there
may be one physical document that is the analytical procedure used for more than one
application, but each application must be detailed separately within that document.
Alternatively, there may be separate documents for each application. 3. When the inherent
variability of a biological response, or that of the log potency, precludes a single assay data
set's attaining a value sufficiently accurate and precise to meet a specification, the assay
format may be changed as necessary. The number of blocks or complete replicates needed
depends on the assay's inherent accuracy and precision and on the intended use of the
reported value. It is practical to improve the precision of a reported value by reporting the
geometric mean potency from multiple assays. The number of assays used is determined by the
relationship between the precision required for the intended use and the inherent precision of
the assay system.
Run—The performance of the analytical procedure that can be expected to have consistent
precision and trueness; usually, the assay work that can be accomplished by a laboratory in a
set time with a given unique set of assay factors (e.g., standard preparations).
Notes: 1. There is no necessary relationship of run to assay data set (q.v.). The term run is
laboratory specific and relates to the laboratory’s physical capability and environment for
performing the work of an assay. An example of a run is given by one analyst's simultaneous
assay of several samples in one day's bench work. During the course of a single run, it may be
possible to determine multiple reportable values. Conversely, a single assay data set may
include data from multiple runs. 2. From a statistical viewpoint, a run is one realization of the
factors associated with intermediate precision (q.v.). It is good practice to associate runs with
factors that are significant sources of variation in the assay. For example, if cell passage
number is an important source of variation in the assay response obtained, then each change in
cell passage number initiates a new run. If the variance associated with all factors that could
be assigned to runs is negligible, then the influence of runs can be ignored in the analysis, and
the analysis can focus on combining independent analysis data sets. 3. When a run contains
multiple assays, caution is required regarding the independence of the assay results. Factors
that typically are associated with runs and that cause lack of independence include cell
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preparations, groups of animals, analyst, day, a common preparation of reference material, and
analysis with other data from the same run. Even though a strict sense of independence may
be violated because some elements are shared among the assay sets within a run, the degree
to which independence is compromised may have negligible influence on the reportable values
obtained and should be verified and monitored.
Similar preparations (similarity)—The property that the Test and the Standard contain the
same effective constituent, or the same effective constituents in fixed proportions, and all
other constituents are without effect.
Notes: 1. Similarity is often summarized as the property that the Test behaves as a dilution (or
concentration) of the Standard. 2. Similarity is fundamental to methods for determination of
relative potency. Given demonstration of similarity, a relative potency can be calculated,
reported, and interpreted. In the absence of similarity, a meaningful relative potency cannot be
reported or interpreted. 3. The practical consequence of similarity is a comparable form of dose
and/or concentration–response behavior. (See Parallelism, section V). 4. Failure to statistically
demonstrate dissimilarity between a Reference and a Test sample does not amount to
demonstration of similarity. To demonstrate similarity it is not sufficient to fail to find evidence
that a Reference and a Test sample are not similar.
II. Terms Related to Performing a Bioassay
Format, bioassay—The intra- and inter-run replication strategy for replication of assay data
sets that has been determined by variance analysis to support the use of the bioassay.
Notes: 1. Modifications to bioassay format may occur as new information regarding sources of
variability becomes available. Such modifications do not include changes to the dilution scheme
of Test samples or Standard, or the intradilution replication strategy (part of what is sometimes
called bioassay configuration). Assay configuration can include nested dimensions like plate
design, multiple plates per day, single plates on multiple days, etc. 2. The geometric mean
relative potency determined from the bioassay format is the reportable value, which may be
used to assess conformance to specifications or as a component of subsequent analysis (e.g.,
stability evaluation).
Out of specification (OOS)—The property of a reportable value that falls outside its
specification acceptance criterion.
Note: Out of specification is not a property of the bioassay but rather a property of Test
samples. The term is introduced into 1033 in conjunction with setting validation acceptance
criteria which limit the risk of producing out-of-specification test results because of bioassay
performance characteristics.
Sample suitability—A sample is suitable (may be described as having a potency) if its
response curve satisfies limits on critical properties that are stated in the assay procedure.
Note: Most significant of these properties for bioassays is similarity to the standard response
curve. In addition, all assay systems have limits on the range of values they can report. For
samples that fail one or more sample suitability criteria in a bioassay, the potency estimate
from those samples should not be used as a reportable value or as a contributor to a reportable
value. Also see truncation bias in this Glossary and the sections Sample Suitability and Range in
general chapter

1032 .

System suitability—An assay system is suitable for its intended purpose if it is capable of
providing legitimate measurements as defined in the validation protocol.
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Notes: 1. System suitability may be thought of as an assessment of current validity achieved
at the time of assay performance. An example is provided by positive and negative controls
that give values within their normal ranges, ensuring that the assay system is working properly.
2. As described in 1225 and ICH Q2(R1), system suitability testing is an integral part of
many analytical procedures. The tests are based on the concept that the equipment,
electronics, analytical operations, and samples under analysis constitute an integral system
that can be evaluated as such. (See Analytical Instrument Qualification 1058 .) System
suitability test parameters that will be established for a particular procedure depend on the
type of procedure being validated. USP–NF is a source of many system suitability tests.
III. Terms Related to Precision and Accuracy
Accuracy 1225 —The closeness of test results obtained by the procedure and the true
value.
Notes: 1. ICH and USP give the same definition of accuracy. However, ISO specifically regards
accuracy as having two components, bias and precision.3 That is, to be accurate as used by
ISO, a measurement must both be on target (have low bias) and be precise. In contrast, ICH
Q2(R1) states that accuracy is sometimes termed “trueness” but does not define trueness. ISO
defines trueness as the “closeness of agreement between the average value obtained from a
large series of test results and an accepted reference value” and indicates that “trueness is
usually expressed in terms of bias.” The 2001 FDA Guidance on Bioanalytical Method Validation4
defines accuracy in terms of “closeness of mean test results obtained by the method to the
true value (concentration) of the analyte” (emphasis added) and thus is consistent with the
ICH usage. This glossary adopts the USP/ICH approach. That is, accuracy is defined as the
agreement between the mean (or expected results) from an assay and the true value, and uses
the phrase accurate and precise to indicate low bias (accurate) and low variability (precise). 2.
Considerable caution is needed when using or reading the term accuracy. In addition to the
inconsistency between USP/ICH and ISO, common usage is not consistent. 3. For purposes of
bioassay validation, the terms accuracy and bias have been replaced by relative accuracy and
relative bias.
Format variability—Predicted variability for a particular bioassay format.
Geometric coefficient of variation—Found as antilog(S) 1, where S is the standard deviation
determined in the log scale.
Note: The geometric coefficient of variation (%GCV) approximates the %CV on the original (X)
scale when the %CV is below 20%. It is important not to confuse these different measures of
spread. The %GCV is a measure relevant to data analyzed in the log-transformed [Y = log(X)]
scale, and the %CV is a measure relevant to data analyzed in the original (X) scale.
Geometric standard deviation (%GSD)—The variability of the log-transformed values of a
lognormal response expressed as a percentage in the untransformed scale. It is found as
antilog(S), where S is the standard deviation determined in the log scale.
Note: For example, if the standard deviation of log potency is S using log base 2, the %GSD of
potency is 100 * 2S.
Intermediate precision (adapted from 1225 )—Within-laboratory precision associated
with changes in operating conditions.
Notes: 1. Factors contributing to intermediate precision involve anything that can change
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within a given laboratory and that may affect the assay, including different days, different
analysts, different equipment, etc. Intermediate precision is thus “intermediate” in scope
between the extremes of repeatability (intra-assay) and reproducibility (inter-laboratory). 2.
Any statement of intermediate precision should identify the factors that varied. For example,
“The intermediate precision associated with changing equipment and operators is….” 3.
Investigators can benefit from separately identifying the precision associated with each source
(e.g., inter-analyst precision). This may be part of assay development and validation when
there is value in identifying the important contributors to intermediate precision. 4. When
reporting intermediate precision, particularly for individual sources, analysts should take care to
distinguish between intermediate precision variance and components of that variance. The
intermediate precision variance includes repeatability and thus must be at least as large as the
repeatability variance. A variance component, e.g., associated with analyst, also is a part of
the intermediate precision variance for analyst, but it could be negligible and need not be larger
in magnitude than the repeatability variance.
Precision ( 1225 )—Measure of agreement among individual test results when the procedure
is applied repeatedly to multiple samplings of a homogeneous sample.
Notes: 1. Precision may be considered at three levels: repeatability (q.v.), intermediate
precision (q.v.), and reproducibility (q.v.). 2. Precision should be investigated using
homogeneous, authentic samples. However, if it is not possible to obtain a homogeneous
sample, precision can be investigated using spiked samples that mimic a true sample or a
sample solution. 3. Precision usually is expressed as the variance, standard deviation,
coefficient of variation, or geometric coefficient of variation (q.v.).
Relative bias—Measure of difference between the expected (or mean) value and the true
value, expressed as a percentage of the true value.
Repeatability ( 1225 )—The precision within a laboratory over a short interval of time, using
the same analyst with the same equipment.
Notes: 1. ICH Q2(R1) says that repeatability is also termed “intra-assay” precision. In the
bioassay context, the better term is intra-run, and a “short interval of time” connotes withinrun. 2. The idea of a “short interval of time” can be problematic with bioassays. If a run
requires multiple weeks and consists of a single assay set, then intra-run precision cannot be
determined. Alternatively, if a run consists of two assay data sets and a run can be done in a
single day, repeatability of the relative potency determination can be assessed.
Reproducibility 1225 —The precision between laboratories.
Notes: 1. Reproducibility includes contributions from repeatability and all factors that contribute
to intermediate precision, as well as any additional contributions from inter-laboratory
differences. 2. Reproducibility applies to collaborative studies such as those for standardization
or portability of methodology. Depending on the design of the collaborative study, it may be
possible to separately describe variance components associated with intra- and interlaboratory sources of variability.
Specificity 1225 —The ability to assess unequivocally the analyte in the presence of
components that may be expected to be present.
Notes: 1. Typically these components may include impurities, degradants, matrix, etc. See
chapter

1225

for further discussion. 2. This definition is also associated with selectivity in
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other guidances for analytical methods. 3. Specificity can mean the measurement of the
specific analyte of interest and no other similar analyte.
Truncation bias—Bias that occurs when some portion of the distribution of responses is not
observed or recorded.
Notes: 1. When there is truncation bias, the distribution of recorded observations does not
match the true distribution of responses. 2. Truncation bias may occur in a bioassay that
reports estimates of log potency over a fixed range. For example, a sample with a true potency
at an edge of this range is expected to fail to yield (report) a potency estimate in
approximately half of the assays in which it appears. In this example, the mean of the observed
potencies will be biased toward log potency 0.
Uncertainty, types of—Two sources that affect the uncertainty of results of a biological
assay are systematic error and random error.
A systematic error is one that happens with similar magnitude and consistent direction
repeatedly. This introduces a bias in the determination. Effective experimental design,
including randomization and/or blocking, can reduce systematic error.
A random error is one whose magnitude and direction vary without pattern. Random error is
an inherent variability or uncertainty of the determination. Conversion of systematic into
random error increases the robustness of a biological assay and allows a comparatively simple
analysis of assay data.
IV. Terms Related to Validation
Dilutional linearity (adapted from 1225 )—The ability (within a given range) of a bioassay
to obtain measured log-relative potencies that are directly proportional to the true log-relative
potency of the samples.
Notes: 1. To determine dilutional linearity, sometimes called bioassay analytical linearity, across
a range of known relative potency values, analysts examine the relationship between known log
potency and mean observed log potency. If that relationship yields an essentially straight line
with a y-intercept of 0 and a slope of 1, the assay has direct proportionality. If that plot yields
an essentially straight line but either the y-intercept is not 0 or the slope is not 1, the assay
has a proportional linear response. 2. To assess whether the slope is (near) 1.0 requires an a
priori equivalence or indifference interval. It is not proper statistical practice to test the null
hypothesis that the slope is 1.0 against the alternative that it is not 1.0 and then to conclude
a slope of 1.0 if this is not rejected. Bioassay analytical linearity is separate from consideration
of the shape of the concentration–response curve. Linearity of concentration–response is not a
requirement of bioassay analytical linearity. 3. Dilutional linearity is addressed in

1033 .

Quantitation limit (lower limit of quantitation; adapted from 1225 ) —The lowest known
relative potency for which the assay has suitable precision and accuracy.
Notes: 1. This applies to assay results (log potency) rather than the reportable value. 2. The
quantitation limit is not commonly determined for relative potency bioassays. Animal assays
with serologic endpoints are examples of the use of this term.
Range (adapted from 1225 ) —The interval between the upper and lower known relative
potencies (and including those relative potencies) for which the bioassay is demonstrated to
have a suitable level of precision, accuracy, and bioassay analytical linearity.
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Note: This applies to reportable values rather than the individual assay results (log potency).
Robustness ( 1225 ) —A measure of an analytical procedure's capacity to remain unaffected
by small but deliberate variations in method parameters listed in the procedure documentation.
Notes: 1. Robustness is an indication of a bioassay's reliability during normal usage. For
example, a cell culture assay system that is robust to the passage number of the cells can
provide potency values with acceptable accuracy and precision across a consistent range of
passage numbers. 2. ICH Q2(R1) states:
The evaluation of robustness should be considered during the development phase and
depends on the type of procedure under study. It should show the reliability of an analysis
with respect to deliberate variations in method parameters. If measurements are susceptible
to variations in analytical conditions, the conditions should be suitably controlled or a
precautionary statement should be included in the procedure. One consequence of the
evaluation of robustness should be that a series of system suitability [q.v.] parameters (e.g.,
resolution test) is established to ensure that the validity of the analytical procedure is
maintained whenever used.1
Validation, assay—A formal demonstration of the analytical capacity of an assay that
provides justification for use of the assay for its intended purposes and the range of
acceptable potency values.
Note: Formal validations are conducted prospectively according to a written plan.
V. Terms Related to Statistical Design and Analysis
Analysis of variance (ANOVA)—A statistical tool used to assess contributions to variability
from experimental factors.
Blocking—The grouping of related experimental units in experimental designs.
Notes: 1. Blocking often is used to reduce the variability of a measure of interest. 2. Blocks
may consist, for example, of groups of animals (a cage, a litter, or a shipment), individual 96well plates, sections of 96-well plates, or whole 96-well plates grouped by analyst, day, or
batches of cells. 3. The goal is to isolate, by statistical design and analysis, a systemic effect,
such as cage, so that it does not obscure the effects of interest.
A complete block design occurs when all levels of a treatment factor (in a bioassay, the
primary treatment factors are sample and concentration) can be applied to experimental units
for that factor within a single block. Note that the two treatment factors sample and
concentration may have different experimental units. For example, if the animals within a cage
are all assigned the same concentration but are assigned unique samples, then the
experimental unit for concentration is cage and the experimental unit for sample is animal, and
cage is a blocking factor for sample.
An incomplete block design occurs when the number of levels of a treatment factor
exceeds the number of experimental units for that factor within the block.
Confidence interval—A random interval produced by a statistical method that contains the
true (fixed, but unknown) parameter value with a stated confidence level on repeated
application of the statistical method.
Note: See chapter

1010

for more information.
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Crossed (and partially crossed)—Two factors are crossed (or fully crossed) if each level of
each factor appears with each level of the other factor. Two factors are partially crossed when
they are not fully crossed but multiple levels of one factor appear with a common level of the
other factor.
Notes: 1. For example, in a bioassay in which all samples appear at all dilutions, samples and
dilutions are (fully) crossed. In a bioassay validation experiment in which two of four analysts
each perform assays on the same set of samples on each of six days and a different pair of
analysts is used on each day, the analysts are partially crossed with days. 2. Each factor may
be applied to different experimental units, and the factors may be both fully crossed and
nested (q.v.), creating a split-unit or split-plot design (q.v.). 3. Experiments with factors that
are partially crossed require particular care for proper analysis. 4. A randomized complete block
design (q.v.) is a design in which the block factor (which often is treated as a random effect)
is crossed with the treatment factor (which usually is treated as a fixed effect).
Design of experiments (DOE) [ICH Q8(R2)]5—A structured, organized method for
determining the relationship between factors that affect a process and the output of that
process.
Note: DOE is used in bioassay development and validation; see

1032

and

1033 .

Equivalence test—A test to demonstrate equivalence (e.g., similarity or conformance to
validation acceptance criteria) of two quantities by conformance to an interval acceptance
criterion.
Notes: 1. An equivalence test differs from most common statistical tests in the nature of the
statistical hypotheses. Most common statistical tests are difference tests—that is, the
statistical null hypothesis is that of no difference, and the alternative is that there is some
difference, without regard to the magnitude or importance of the difference. In equivalence
testing the null hypothesis is that the difference is not sufficiently small, and the alternative
hypothesis is that the difference is sufficiently small that there is no important difference. In a
common statistical difference test one concludes that there is insufficient evidence to establish
nonconformance to an acceptance criterion. This may be the result of excess variability and/or
an inadequate design. In an equivalence test the conclusion is that the data conform to the
acceptance criterion (e.g., slopes are parallel). 2. A common statistical procedure used for
equivalence tests is the two one-sided tests (TOST) procedure. 3. The interval acceptance
criterion may be one- or two-sided. An example of a one-sided interval is a validation
acceptance criterion for a %GCV of not more than XX%.
Expected mean square—A mathematical expression of variances estimated by an ANOVA
mean square.
Experimental design—The structure of assigning treatments to experimental units.
Notes: 1. Some aspects of experimental design are blocking (q.v.), randomization (q.v.),
replication (q.v.), and specific choice of design (cf. 1032 ). 2. Important components of
experimental design include the number of samples, the number of concentrations, and how
samples and concentrations are assigned to experimental units and are grouped into blocks. 3.
The experimental design influences which statistical methodology should be used to achieve the
analytical objective. 4. Experimental design should not be confused with DOE, which is
specifically the study of analytical factors that may affect or interact to affect assay
measurement.
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Experimental unit—The smallest unit to which a distinct level of a treatment is randomly
allocated.
Notes: 1. Randomization of treatment factors to experimental units is essential in bioassays. 2.
Different treatment factors can be applied to different experimental units. For example, samples
may be assigned to rows on a 96-well plate, and dilutions may be assigned to columns on the
plate. In this case, rows are the experimental units for samples, columns are the experimental
units for concentrations, and wells are the experimental units for the interaction of sample and
concentration. 3. An experimental unit must be distinguished from a sampling unit, the smallest
unit on which a distinct measurement is recorded (e.g., a well). Because the sampling unit is
often smaller than the experimental unit, it is an easy mistake to treat sampling units as if they
are experimental units. This mistake is called pseudoreplication (q.v.).
Factor—An assay design operational element that may affect assay response and that varies
in an experiment.
Note: In a bioassay there are at least two treatment factors: sample and concentration.
A fixed factor (fixed effect) is a factor that is deliberately set at specific levels in a
bioassay. Inference is made to the levels used in the experiment. Sample and concentration
are examples of fixed factors in bioassays.
A random factor (random effect) is one for which its levels represent a sample of ways in
which that factor might vary. In a bioassay, the test organisms, plate, and day are often
considered random factors. Random factors can be either controllable (robustness factors
such as incubation time and temperature) or uncontrollable (ruggedness factors such as
analyst, reagent lot, and day).
Factorial design—An experimental design in which there are multiple factors and the factors
are partially or fully crossed.
In a full factorial design, each level of a factor appears with each combination of levels of
all other factors. For example, if factors are reagent batch and incubation time, for a full
factorial design all combinations of incubation time and reagent batch must be included.
A fractional factorial design is a reduced design in which some factor effects are
deliberately confounded with other combinations of factor effects. Fractional factorial designs
should be carefully considered for screening and optimization purposes. This design can be
considered without risk of information loss for validation.
General linear model—A statistical linear model that relates study factors, which can be
continuous or discrete, to experimental responses.
Independence—For two measurements or observations A and B (raw data, assay sets, or
relative potencies) to be independent, values for A must be unaffected by B's responses and
vice versa.
Note: A consequence of the failure to recognize lack of independence is poor characterization
of variance. In practice this means that if two potency or relative potency measurements share
a common factor that might influence assay outcome (e.g., analyst, cell preparation, incubator,
group of animals, or aliquot of Standard samples), then the correct initial assumption is that
these relative potency measurements are not independent. The same concern for lack of
independence holds if the two potency or relative potency measurements are estimated
together from the same model or are in any way associated without including in the model some
term that captures the fact that there are two or more potency measurements. As assay
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experience is gained, an empirical basis may be established (and monitored) so that it is
reasonable to treat potency measurements as independent even if the measurements share a
common level of a factor. This is the case when it has been demonstrated that a factor does
not have a practically significant effect on long-term bioassay results.
Interaction—Two factors are said to interact if the effect of one factor depends on the level
of the other factor.
Level—A location on the scale of measurement of a factor.
Notes: 1. Factors have two or more distinct levels. For example, if a bioassay validation
experiment employs three values of incubation time and two batches of a key reagent, the
levels are the three times for the factor incubation time and the two batches for the factor
batch. 2. Levels of a factor in a bioassay may be quantitative, such as concentration, or
categorical, such as sample (i.e., test and reference).
Lognormal distribution—A skewed distribution characterized by increased variability with
increased level of response.
Notes: 1. Most relative potency bioassay measurements are lognormally distributed. 2. A normal
distribution is generated by taking the log of the values (assay responses or potencies)
obtained from a lognormal distribution.
Mean square—A calculation in ANOVA representing the variability associated with an
experimental factor.
Mixed-effects model—A statistical model that includes both fixed and random effects.
Modeling, statistical—The mathematical specification of the relationship between inputs (Xs)
and outputs (Ys) of a process, e.g., the concentration–response relationship in bioassay or the
modeling of the effects of important sources of variation on potency measurement.
Notes: 1. Modeling includes methods to capture the dependence of the response on the
samples, concentration, experimental units, and groups or blocking factors in the assay
configuration. 2. Modeling of bioassay data includes making many choices, some of which are
driven by the assay design and data. For continuous data there is a choice between linear and
nonlinear models. For discrete data there is a choice among logit/log models within a larger
family of generalized linear models. In limiting dilution assays, published literature advocates
Poisson models and Markov chain binomial models. One can use either fixed-effects models or
mixed-effects models for bioassay data. On the one hand, the fixed-effects models are more
widely available in software and are somewhat less demanding for statisticians to set up. On
the other hand, mixed models have advantages over fixed ones: they are more accommodating
of missing data and, more importantly, can allow each block to have different slopes,
asymptotes, median effective concentrations required to induce a 50% effect (EC50 ), or
relative potencies. Particularly when the analyst is using straight-line models fitted to nonlinear
responses or assay systems in which the concentration–response curve varies from block to
block, the mixed model captures the behavior of the assay system in a much more realistic and
interpretable way. 3. It is essential that any modeling approach for bioassay data should use all
available data simultaneously to estimate the variation (or, in a mixed model, each of several
sources of variation). It may be necessary to transform the observations before this modeling
to include a variance model or to fit a means model (in which there is a predicted effect for
each combination of sample and concentration) to get pooled estimate(s) of variation.
Nested—A factor A is nested within another factor B if the levels of A are different for every
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level of B.
Notes: 1. For example, in a bioassay validation experiment two analysts may perform assays on
five days each. If the days for the first analyst are distinct from those of the second analyst,
days are nested within analyst. 2. Nested factors have a hierarchical relationship. 3. For two
factors to be nested they must satisfy the following: (a) they are applied to different-sized
experimental units; (b) the larger experimental unit contains more than one of the smaller
experimental units; and (c) the factor applied to the smaller experimental unit is not fully
crossed (q.v.) with the factor applied to the larger experimental unit. When conditions (a) and
(b) are satisfied and the factors are partially crossed, then the experiment is partially crossed
and partially nested. Experiments with this structure require particular care for proper analysis.
Parallelism (of concentration–response curves)—A quality in which the concentration–
response curves of the Test sample and the Reference Standard are identical in shape and
differ only by a constant horizontal difference.
Notes: 1. When Test and Reference preparations are similar (q.v.) and assay responses are
plotted against log concentrations, the resulting curve for the Test preparation will be the
same as that for the Standard but will be shifted horizontally by an amount that is the
logarithm of the relative potency. Because of this relationship, similarity (q.v.) is generally
referred to as parallelism. Note that similarity is the primary concept, and that parallelism is not
necessary for similarity. See section 3.5, Slope-Ratio Concentration–Response Models, in
chapter 1034 , in which samples with similar concentration–response relationships have a
common (or nearly common) y-intercept but may differ in their slopes. 2. In practice, it is not
possible to demonstrate that the shapes of two curves are identical. Instead, the two curves
are shown to be sufficiently similar (equivalent) in shape. Note that similar should be
interpreted as “we have evidence that the two values are close enough” rather than “we do
not have evidence that the two values are different.” 3. The assessment of parallelism depends
on the type of function used to fit the response curve. Parallelism for a nonlinear assay using a
four-parameter logistic fit means that (a) the slopes of the rapidly changing parts of the Test
and Reference Standard curves (that is, slope at a tangent to the curve where the first
derivative is at a maximum) should be similar; and (b) the upper and lower asymptotes of the
response curves (plateaus) should be similar. For straight-line analysis, the slopes of the lines
should be similar.
Point estimate—A single-value estimate obtained from statistical calculations.
Notes: 1. Examples are the average relative bias, the %GCV, and relative potency. 2. The point
estimate may be augmented with an interval estimate (confidence interval; q.v.) that employs
an interval to express the uncertainty in the determination of the point estimate.
Pseudoreplication—The misidentification of samples from experimental units as independent
and thus true replicates when they actually are not independent.
Notes: 1. Pseudoreplication results in incorrect inferences because of the incorrect assignment
of variability and the appearance of more replicates than are actually present. 2. Lack of
recognition of pseudoreplication is critical because it is an easy mistake to make, and the
consequences can be serious. For example, pseudoreplicates commonly arise when analysts
make a dilution series for each sample in tubes (the dilution series can be made with serial
dilutions, single-point dilutions, or any convenient dilution scheme). The analyst then transfers
each dilution of each sample to several wells on one or more assay plates. The wells are then
pseudoreplicates because they are simply aliquots of a single dilution process and thus are not
representative of independent preparations. 3. In general, pseudoreplication should be avoided
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because, unless it is properly addressed in the analysis, it leads to underestimation of replicate
variance. 4. A simple way to analyze data from pseudoreplicates is to average over the
pseudoreplicates (if a transformation of the observed data is used, the transformation should
be applied before averaging over pseudoreplicates) before fitting any concentration–response
model. In many assay systems, averaging over pseudoreplicates leaves the assay without any
replication. A more complex way to use data containing pseudoreplicates is to use a mixed
model that treats the pseudoreplicates as a separate random effect. Although
pseudoreplication normally is not of value, it can be advantageous when two conditions are
satisfied: (a) the pseudoreplicate (e.g., well-to-well) variation is very large compared to the
variation associated with replicates; and (b) the cost of pseudoreplicates is much lower than
the cost of replicate experimental units.
P value (significance probability)—The probability of observing, in repeated trials, that an
experimental outcome is different or more different than that observed if the null hypothesis is
true.
Notes: 1. More extreme means further from the null hypothesis. 2. Commonly, P < 0.05 is taken
as a threshold for indicating statistically significant differences, although any value for the
threshold may be used.
Randomization—A process of assignment of treatment to experimental units based on chance
so that all equal-sized groups of units have an equal chance of receiving a given treatment.
Notes: 1. The chance mechanism may be an unbiased physical process (rolling unbiased dice,
flipping coins, drawing from a well-mixed urn), random-number tables, or computer-generated
randomized numbers. Care must be taken in the choice and use of method. Good practice is to
use a validated computerized random-number generator. 2. The use of randomization helps to
prevent systematic error from becoming associated with particular samples or a dilution pattern
and causing bias. In 96-well bioassays, plate effects can be substantial and can cause bias in
observed responses or summary measures, particularly in assays that involve long-term cell
culture or multiple addition and wash steps. In animal studies, a variety of factors associated
with individual animals can influence responses. If extraneous factors that influence either plate
assays or animal assays are not routinely demonstrated to have been eliminated or minimized so
as to be negligible, randomization is essential to obtaining unbiased data required for the
calculation of true potency. Randomization is central to the experimental design and analysis of
data obtained from most biological assays. Randomization also is used to justify using estimates
of variability to construct P values or confidence intervals. 3. Randomization is a good practice
regardless of outcomes from experiments to detect operational effects. Randomization provides
assurance that the effect of some future unexpected operational characteristic is minimized
and that resulting measurements remain unbiased.
Replication—A process in which multiple independent experimental units receive the same level
of a treatment factor.
Notes: 1. The purpose of replication is to minimize the effects of uncontrollable sources of
random variability. 2. Replication can occur either completely at random or across blocks.
Generally, replication within blocks is pseudoreplication (q.v.). 3. Replication of factors that
contribute most greatly to variability, or factors that are at the highest levels in a nested
layout, usually result in the most effective reduction of random variability.
True replicates—Samples based on independent experimental units.
Standard error of estimate—A measure of uncertainty of an estimate of a reportable value or
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other parameter estimate because of sampling variation.
Notes: 1. In bioassay the focus is on the precision (standard error) of the relative potency. 2.
Standard errors can be made smaller with additional replication. 3. Technically, the standard
error of an estimate is the standard deviation of the sampling distribution of the estimate. The
term standard error is used to distinguish between this usage of standard deviation (that
depends on sample size) and the common laboratory usage in which standard deviation (or
coefficient of variation) is used to characterize the precision of individual measurements
obtained from a procedure. This latter precision does not depend on sample size.
Statistical process control—A set of statistical methods used to monitor shifts and trends in
a process.
Type I error—The error in statistical hypothesis testing that the alternative hypothesis is
accepted when it is false.
Note: The probability of a type I error usually is denoted by .
Type II error—The error in statistical hypothesis testing that the alternative hypothesis is
rejected when it is true.
Note: The probability of a type II error usually is denoted by

.

Variance component analysis—A statistical analysis that partitions contributions made to
total variability by components associated with influential assay factors, e.g., analyst, day, or
instrument. 2S (USP36)
1 Available at:
http://www.ich.org/fileadmin/Public_Web_Site/IC H_Products/Guidelines/Quality/Q2_R1/Step4/Q2_R1__Guideline.pdf.
Accessed 29 March 2012.
2 FDA. Guidance for Industry. Analytical Procedures and Methods Validation: C hemistry, Manufacturing, and
C ontrols Documentation. 2000. Available at:
http://www.fda.gov/downloads/Drugs/GuidanceC omplianceRegulatoryInformation/Guidances/UC M070489.pdf.
Accessed 27 December 2011.
3 ISO. International Standard 5725-1. Accuracy (Trueness and Precision) of Measurement Methods and
Results—Part 1: General Principles and Definitions. Geneva, Switzerland; 1994.
4 FDA. Guidance for Industry. Bioanalytical Method Validation. May 2001.
http://www.fda.gov/downloads/Drugs/GuidanceC omplianceRegulatoryInformation/Guidances/UC M070107.pdf.
Accessed 7 December 2011.
5 IC H. Guidance Q8(R2) Pharmaceutical Development. November 2009. Available at
http://www.fda.gov/downloads/Drugs/GuidanceC omplianceRegulatoryInformation/Guidances/UC M073507.pdf.
Accessed 27 December 2011.

BRIEFING
1087 Apparent Intrinsic Dissolution—Dissolution Testing Procedures for Rotating
Disk and Stationary Disk, USP 35 page 660. A review of this chapter was part of the work
plan for the 2010–2015 cycle. Subcommittee L of the General Chapters—Dosage Forms Expert
Committee has completed its review of the chapter. The Subcommittee found that racemates
and enantiomeric mixtures were not used to enhance the solubility and dissolution properties of
chemical entities, and therefore it is proposed to delete reference to these mixtures in the
chapter introduction. An additional change is proposed in the section Compact Preparation to
allow techniques that differ from X-ray diffraction to be used in the confirmation of the solid
state of the compact.
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1087

APPARENT INTRINSIC DISSOLUTION—DISSOLUTION TESTING PROCEDURES FOR
ROTATING DISK AND STATIONARY DISK

Change to read:
This general information chapter Apparent Intrinsic Dissolution—Dissolution Testing Procedures
for Rotating Disk and Stationary Disk 1087 discusses the determination of dissolution rates
from nondisintegrating compacts exposing a fixed surface area to a given solvent medium.
Compact, as used here, is a nondisintegrating mass resulting from compression of the material
under test using appropriate pressure conditions. A single surface having specified physical
dimensions is presented for dissolution. Determination of the rate of dissolution can be
important during the course of development of new chemical entities because it sometimes
permits prediction of potential bioavailability problems and may also be useful for characterizing
compendial articles such as excipients or drug substances. Intrinsic dissolution studies are
characterization studies and are not referenced in individual monographs. Information provided
in this general information chapter is intended to be adapted via a specific protocol appropriate
to a specified material.
Dissolution rate generally is expressed as the mass of solute appearing in the dissolution
medium per unit time (e.g., mass sec –1), but dissolution flux is expressed as the rate per unit
area (e.g., mass cm–2 sec –1). Reporting dissolution flux is preferred because it is normalized for
surface area and, for a pure drug substance, is commonly called intrinsic dissolution rate.
Dissolution rate is influenced by intrinsic solid-state properties such as crystalline state,
including polymorphs and solvates, as well as degree of noncrystallinity. Numerous procedures
are available for modifying the physicochemical properties of chemical entities so that their
solubility and dissolution properties are enhanced. Among these are coprecipitates and the use
of racemates and enantiomeric mixtures
amorphous solid dispersions. 2S (USP36)
The effect of impurities associated with a material can also significantly alter its dissolution
properties. Dissolution properties are also influenced by extrinsic factors such as surface area,
hydrodynamics, and dissolution medium properties, including solvent (typically water), presence
of surfactants, temperature, fluid viscosity, pH, buffer type, and buffer strength.
Rotating disk and stationary disk dissolution procedures are sufficiently versatile to allow study
of the characteristics of compounds of pharmaceutical interest under a variety of test
conditions. Characteristics common to both apparatuses include the following:
1. They are adaptable to use with standard dissolution testing stations, and both use a
tablet die to hold the nondisintegrating compact during the dissolution test.
2. They rely on compression of the test compound into a compact that does not flake or
fall free during the dissolution test.
3. A single surface of known geometry and physical dimension is presented for dissolution.
4. The die is located at a fixed position in the vessel, which decreases the variation of
hydrodynamic conditions.
A difference between the two procedures is the source of fluid flow over the dissolving surface.
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In the case of the rotating disk procedure, fluid flow is generated by the rotation of the die in a
quiescent fluid, but fluid flow is generated by a paddle or other stirring device for the stationary
disk procedure.
Change to read:
EXPERIMENTAL PROCEDURE
The procedure for carrying out dissolution studies with the two types of apparatus consists of
preparing a nondisintegrating compact of material using a suitable compaction device, placing
the compact and surrounding die assembly in a suitable dissolution medium, subjecting the
compact to the desired hydrodynamics near the compact surface, and measuring the amount of
dissolved solute as a function of time.
Compacts are typically prepared using an apparatus that consists of a die, an upper punch, and
a lower surface plate fabricated out of hardened steel or other material that allows the
compression of material into a nondisintegrating compact. An alternative compaction apparatus
consists of a die and two punches. Other configurations that achieve a nondisintegrating
compact of constant surface area also may be used. The nondisintegrating compact typically
has a diameter of 0.2–1.5 cm.
Compact Preparation
Attach the smooth lower surface plate to the underside of the die, or alternatively, insert the
lower punch using an appropriate clamping system. Accurately weigh a quantity of material
necessary to achieve an acceptable compact, and transfer to the die cavity. Place the upper
punch into the die cavity, and compress the powder on a hydraulic press at a compression
pressure required to form a nondisintegrating compact that will remain in the die assembly for
the length of the test. Compression for 1 minute at 15 MPa usually is sufficient for many
organic crystalline compounds, but alternative compression conditions that avoid the formation
of capillaries should be evaluated. For a given substance, the compact preparation, once
optimized is standardized to facilitate comparison of different samples of the substance.
Changes in crystalline form may occur during compression; therefore, confirmation of a solid
state form should be performed by powder X-ray diffraction or other similar technique
techniques. 2S (USP36)
Remove the surface plate or lower punch. Remove loose powder from the surface of the
compact and die by blowing compressed air or nitrogen over the surface.
Dissolution Medium
The choice of dissolution medium is an important consideration. Whenever possible, testing
should be performed under sink conditions to avoid artificially retarding the dissolution rate due
to approach of solute saturation of the medium. Dissolution measurements are typically made in
aqueous media. To approximate in vivo conditions, measurements may be run in the
physiological pH range at 37 . The procedure when possible is carried out under the same
conditions that are used to determine the intrinsic solubility of the solid state form being
tested. Dissolution media should be deaerated immediately before use to avoid air bubbles
forming on the compact or die surface.1
The medium temperature and pH must be controlled, especially when dealing with ionizable
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compounds and salts. In the latter cases, the dissolution rate may depend strongly on the pH,
buffer species, and buffer concentration. A simplifying assumption in constant surface area
dissolution testing is that the pH at the surface of the dissolving compact is the same as the
pH of the bulk dissolution medium. For nonionizable compounds, this is relatively simple because
no significant pH dependence on dissolution rate is expected. For acids and bases, the solute
can alter the pH at and near the surface of the compact as it dissolves. Under these
conditions, the pH at the surface of the compact may be quite different from the bulk pH due
to the self-buffering capacity of the solute. To assess intrinsic solubility, experimental
conditions should be chosen to eliminate the effect of solute buffering, alteration of solution
pH, and precipitation of other solid state forms at the surface of the compact. For weak acids,
the pH of the dissolution medium should be 1–2 pH units below the pKa of the dissolving
species. For weak bases, the pH of the dissolution medium should be 1–2 pH units above the
pKa of the dissolving species.
Apparatus
Rotating Disk—A typical apparatus (Figure 1) consists of a punch and die fabricated out of
hardened steel. The base of the die has three threaded holes for the attachment of a surface
plate made of polished steel, providing a mirror-smooth base for the compacted pellet. The die
has a cavity into which is placed a measured amount of the material whose intrinsic dissolution
rate is to be determined. The punch is then inserted in the die cavity and the test material is
compressed with a hydraulic press. [Note—A hole through the head of the punch allows
insertion of a metal rod to facilitate removal from the die after the test.] A compacted pellet of
the material is formed in the cavity with a single face of defined area exposed on the bottom of
the die.

Figure 1
The die assembly is then attached to a shaft constructed of an appropriate material (typically
steel). The shaft holding the die assembly is positioned so that when the die assembly is
lowered into the dissolution medium (Figure 2), the exposed surface of the compact will be not
less than 1.0 cm from the bottom of the vessel and nominally in a horizontal position. The die
assembly should be aligned to minimize wobble, and air bubbles should not be allowed to form
on the compact or die surface.
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Figure 2
A rotating disk speed of 300 rpm is recommended. Typical rotation speeds may range from 60–
500 rpm. The dissolution rate depends on the rotation speed used. This parameter should be
selected in order to admit at least five sample points during the test, but excessive stirring
speeds may create shear patterns on the surface of the dissolving material that could cause
aberrant results (i.e., nonlinearity). Typically, the concentration of the test specimen is
measured as a function of time, and the amount dissolved is then calculated. The sampling
interval will be determined by the speed of the dissolution process. If samples are removed from
the dissolution medium, the cumulative amount dissolved at each time point should be
corrected for losses due to sampling.
Stationary Disk—The apparatus (Figure 3) consists of a steel punch, die, and a base plate.
The die base has three holes for the attachment of the base plate. The three fixed screws on
the base plate are inserted through the three holes on the die and then fastened with three
washers and nuts. The test material is placed into the die cavity. The punch is then inserted
into the cavity and compressed, with the aid of a bench top press. The base plate is then
disconnected from the die to expose a smooth compact pellet surface. A gasket is placed
around the threaded shoulder of the die and a polypropylene cap is then screwed onto the
threaded shoulder of the die.
The die assembly is then positioned at the bottom of a specially designed dissolution vessel
with a flat bottom (Figure 4). The stirring unit (e.g., paddle) is positioned at an appropriate
distance (typically 2.54 cm) from the compact surface. The die assembly and stirring unit
should be aligned to ensure consistent hydrodynamics, and air bubbles should not be present
on the compact surface during testing. Alternative configurations may be utilized if adequate
characterization and control of the hydrodynamics can be established.
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Figure 3

Figure 4
The dissolution rate depends on the rotation speed and precise hydrodynamics that exist.
Typically, the concentration of the test specimen is measured as a function of time, and the
amount dissolved is then calculated. The sampling interval will be determined by the speed of
the dissolution process (see Rotating Disk). If samples are removed from the dissolution
medium, the cumulative amount dissolved at each time point should be corrected for losses due
to sampling.
DATA ANALYSIS AND INTERPRETATION
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The dissolution rate is determined by plotting the cumulative amount of solute dissolved against
time. Linear regression analysis is performed on data points in the initial linear region of the
dissolution curve. The slope corresponds to the dissolution rate (mass sec –1). (More precise
estimates of slope can be obtained using a generalized linear model that takes into account
correlations among the measurements of the cumulative amounts dissolved at the various
sampling times.)
The amount versus time profiles may show curvature. When this occurs, only the initial linear
portion of the profile is used to determine the dissolution rate. Upward curvature (positive
second derivative) of the concentration versus time data is typically indicative of a systematic
experimental problem. Possible problems include physical degradation of the compact by
cracking, delaminating, or disintegration. Downward (negative second derivative) curvature of
the dissolution profile is often indicative of a transformation of the solid form of the compact at
the surface or when saturation of the dissolution medium is inadvertently being approached.
This often occurs when a less thermodynamically stable crystalline form converts to a more
stable form. Examples include conversion from an amorphous form to a crystalline form or from
an anhydrous form to a hydrate form, or the formation of a salt or a salt converting to the
corresponding free acid or free base. If such curvature is observed, the crystalline form of the
compact may be assessed by removing it from the medium and examining it by powder X-ray
diffraction or another similar technique to determine if the exposed surface area is changing.
The constant surface area dissolution rate is reported in units of mass sec –1, and the
dissolution flux is reported in units of mass cm–2 sec –1. The dissolution flux is calculated by
dividing the dissolution rate by the surface area of the compact. Test conditions, typically a
description of the apparatus, rotation speed, temperature, buffer species and strength, pH, and
ionic strength should also be reported with the analyses.
1 One method of deaeration is the following: Heat the medium, while stirring gently, to about 41 , immediately
filter under vacuum using a filter of 0.45-µm or less pore size, with vigorous stirring, and continue stirring
under vacuum for about 5 minutes. Other deaeration techniques for removal of dissolved gases may be used.
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INTRODUCTION
Definition and Scope
The chapter is part of a group of general information chapters for immunological test methods
(Immunological Test Methods—General Considerations
Enyzme-Linked Immunosorbent Assay (ELISA)

1102 , Immunological Test Methods—

1103 , and Immunological Test Methods—

Surface Plasmon Resonance 1105 ) that provides analysts with general information about
principles, method development, method validation, and data evaluation for immunoblot
analysis. Immunoblot analysis is defined as any method in which an antibody is used for
detection of one or more analytes (e.g., proteins, polysaccharides) that has been transferred
to a test membrane surface. Immunoblot methods are typically classified by whether
electrophoretic separation occurs as a part of the immunoblot procedure. Electrophoretic
separation is based on molecular weights and charge differences of a population of molecules.
See Electrophoresis
—Isoelectric Focusing

726 , Capillary Electrophoresis

1053 , Biotechnology-Derived Articles

1054 , and Biotechnology-Derived Articles—Polyacrylamide Gel

Electrophoresis 1056 for a detailed description of electrophoretic separation methods. An
example of immunoblot analysis involving electrophoretic separation is the Western blot, which
was first described in the scientific literature in the late 1970s. Another approach for
immunoblot analysis is to perform molecule detection using an antibody without prior
electrophoretic separation. Examples of this nonelectrophoretic type of approach are the slot or
dot blot (slot/dot).
The scope of this chapter includes only those methods in which an antibody is used for the
detection of a molecule bound to a membrane. Therefore this chapter does not discuss
procedures that use nonimmunological means of detection.
ASSAY SELECTION
Nonelectrophoretic Assay (Slot/Dot Blot)
The slot/dot blot method is a simplified, nonelectrophoretic method in which a mixture
containing the analyte(s) for detection is first applied directly to the membrane using a vacuum
manifold machined to contain regularly spaced rectangular slots. The slot/dot blot method is
faster and simpler because there is no electrophoretic separation of the multiple, individual
analytes that may be present in the mixture. For these reasons, it can be readily adapted for
automated analysis of multiple samples, for which a number of systems are commercially
available, but it offers no information about the molecular weight and only limited information
regarding the quantity of sample. Although it can be set up in a quantitative format, the
method usually is used to produce a qualitative result, e.g., confirming identity by
demonstrating the presence or absence of specific antigens by means of an immunocomplex
detection system. After the analytes are bound to the membrane and unbound sites are
blocked, analysts use a detector antibody to determine the presence or absence of the analyte
or analytes of interest. The uniform shape of the slot blot and its greater surface area for
analyte binding make it better suited than the dot blot for quantitative applications and
analysis by densitometry.
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Electrophoretic Assay
Electrophoretic blotting methods (commonly called Western blots) are widely used for analyzing
mixtures of proteins. The Western blot is a powerful tool to study the identification, relative
concentration, relative molecular weight, and posttranslational modifications of specific
proteins. In Western blots, the proteins of the sample are separated using gel electrophoresis.
Protein separation may be based on molecular weight alone or on isoelectric point (pI) and
molecular weight. Proteins migrate either in one dimension (1D) or in two dimensions (2D)
through a gel. When proteins are separated by their molecular weights, the smaller proteins
migrate faster and separate according to molecular weight. When analysts use a 2D gel,
proteins are separated according to pI in the first dimension, and then according to their
molecular weight in the second dimension. After separation, the proteins are transferred to a
membrane, the membrane is blocked to avoid nonspecific binding of subsequent assay
reagents, and the protein of interest is detected using specific antibodies.
A bound antibody can be detected by different methods, including colorimetric detection,
fluorescent detection, chemiluminescent detection, and radioactive detection. Upon detection
of the protein(s) of interest, immunoblot quantitation can be indirectly performed by
densitometry.
1D ELECTROPHORESIS
In 1D electrophoresis, individual proteins or groups of proteins are separated by molecular
weight for further analysis by Western blot. Using sodium dodecyl sulfate–polyacrylamide gel
electrophoresis (SDS–PAGE), proteins migrate in response to differences in electrical charge
through a 3D network of fibers and pores. The network is formed as the bifunctional
bisacrylamide, or other cross-linker, cross-links adjacent polyacrylamide chains to form a gel
(see also USP general chapter 1056 ). The combination of gel pore size and protein
characteristics determines the migration of proteins. Separated proteins are detected
subsequently by Western blot analysis using antibodies specific to the target proteins. By
means of Western blot analysis, a test sample can be compared to a standard, and the
appearance of degradants and impurities specifically related to the target proteins can be
monitored if the detection antibody can still recognize the altered forms of the protein.
Although a high level of sensitivity can be achieved by this approach, separation of individual
proteins at similar molecular weights may not be achieved. If analysts must probe individual
proteins at similar molecular weights, 2D separations may be required.
2D ELECTROPHORESIS
In 2D electrophoresis, individual proteins or groups of proteins are separated in the first
dimension by isoelectric focusing (IEF; charge) and in the second dimension by electrophoresis
in the presence of SDS (molecular weight). Separating proteins this way allows information to
be obtained not only about molecular weight, as in 1D gels, but also about the charge of a
protein. Two-dimensional gels are a useful choice for resolving complex mixtures and for
assessing protein antibody specificity (e.g., evaluation of host cell proteins).
Membrane, Reagent, and Detection Options
MEMBRANES

PF 38(4): Jul.-Aug. 2012

75

Generally, both nitrocellulose and polyvinylidine fluoride (PVDF) membranes are used for
immunoblot methods. For cost considerations, nitrocellulose membranes are often preferred
over PVDF membranes for slot/dot blots (or vacuum blotting), but due to their greater
mechanical strength, PVDF membranes should be considered if stripping and reprobing are
required.
BLOCKING REAGENTS
Following transfer or binding of protein to membranes, the unoccupied binding sites on the
membranes must be blocked to prevent nonspecific binding of subsequent reagents. Most
detection probes are proteins that also can bind to the membrane. Failure to appropriately
block the membrane sites can result in nonspecific binding and high background. A number of
blocking reagents are available, including gelatin, nonfat milk, and bovine serum albumin (BSA).
Because these reagents often have lot-to-lot variability, they may require qualification. They
must be evaluated with the detection system selected and optimized using that detection
system for minimal background with no loss of signal. If the blocking reagent is derived from a
biological source, it must not contain trace levels of the protein under measurement, because
the latter can increase the background.
METHODS OF DETECTION
Immunological detection of analytes in any type of immunoblot can be direct or indirect. The
choice of format depends on a combination of the level of sensitivity required and the quality of
the antisera available. For identity or product detection, sensitivity usually is not critical, and
direct detection via a conjugated antibody is commonly used, which often simplifies and
shortens the time required to execute the method. Alternatively, indirect detection, usually by
the use of a conjugated anti-species reagent, can be used to improve sensitivity. On some
occasions, the analyte being detected is actually an antibody, as in the case of a monoclonal
antibody that is being developed as a drug. In this case, antibodies specific for the antibody
(e.g., anti-idiotypic antibodies) can be used.
Primary antibody: The primary antibody is selected based on its specificity for the analyte or
protein. Although polyclonal anti-sera can offer a broad range of detection against a potentially
large set of epitopes, an unwanted cross-reaction resulting in decreased specificity may occur.
If this cannot be overcome by assay optimization, a monoclonal antibody or groups of selected
monoclonal antibodies can be used. The use of monoclonal antibodies directly limits the number
of epitopes involved in the detection of the target. This must be evaluated for each
application. The primary antibody may be directly conjugated or used in conjunction with a
secondary antibody and an appropriate detection system. The optimal antibody concentration
usually is considered to be the greatest dilution of antibody that results in a strong positive
signal with minimal background. This must be optimized in conjunction with the block and
detection system selected. The primary antibody should be qualified before assay use.
Secondary antibody: The secondary antibody typically is directed against the species of the
primary antibody immunoglobulin (which is specific for the analyte, e.g., goat anti-mouse IgG).
Enzymes such as horseradish peroxidase (HRP) or alkaline phosphatase (AP) typically are linked
to the secondary antibody, but other labels such as fluorophores or gold particles can be used
for detection. If the secondary antibody is biotinylated, biotin–avidin–HRP or –AP complexes
can be used for detection.
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Detection enzyme and substrate: Once an immunocomplex containing the enzyme–conjugate
reagent has formed, analysts add a suitable substrate to the assay. This reaction results in
production of a colored precipitate or a fluorescent or chemiluminescent product that can be
recorded, measured, and analyzed further. A broad range of detection options is available to
best fit individual applications and intended uses. A number of these are described in
and

1103

1102 , as well as in Table 1.
Table 1. Detection Reagents and Methods

Readout
Colorimetric

Principle
of the
Enzymatic Reaction

Enzyme

Produces a colored product
APa
that yields absorbance values HRP
c
directly proportional to
analyte concentration

Chemiluminescent Produces a light emission that AP, HRP
is directly proportional to
analyte concentration

Fluorescent

Radioactive

Substrate

Detection

pNPPb
TMBd
OPDe
ABTSf

Spectrophotometer

CSPDg

Luminometer,
photographic film
(CCDh camera)

Produces excitation-induced Galactosidase,
MGi
light emission that is directly fluorescently
proportional to analyte
labeled antibody NGj
concentration
Antigen is labeled with a
radioactive isotope. Radiation
is proportional to analyte
—
—
concentration.

Advantages

Fluorometer (CCD
camera with
filters)
Scintillation
counter

Disadvantages

Robust
Economical
Reagent
availability

Timeconsuming
Less sensitive
than other
methods

Wide
assay
dynamic
Very
sensitive
Rapid
signal
generation

Reproducibility
can be
challenging

Rapid
Sensitive

Interference
by excipients

Easy to
quantitate
Rapid

Safety risk
with exposure
Radioactive
waste

a Alkaline phosphatase.
b para-Nitrophenyl phosphate.
c Horseradish peroxidase.
d 3,3',5,5'-Tetramethylbenzidine.
e o-Phenylenediamine dihydrochloride.
f 2,2'-Azino-bis[3-ethyl-benzothiazoline-6-sulfonic acid]diammonium salt.
g Disodium 3-(4-methoxyspiro{1,2-dioxetane-3,2'-(5'-chloro)tricyclo[3.3.1.13,7 ]decan}-4-yl)phenyl phosphate.
h Charge-coupled device.
i 4-Methylumbelliferyl galactoside.
j Nitrophenyl galactoside.

METHOD DEVELOPMENT
Method development can proceed on the basis of the background information just provided.
The scope of method development, and eventually method validation, are dictated by the
purpose of the method. The purpose determines the format for the assay and other
requirements for the test, and therefore, the purpose should be determined first. The following
sections explore considerations for each method's purpose.
Intended Purpose of the Method
IDENTITY TESTING
In the case of identity tests, analysts want to detect the presence of a protein; therefore,
demonstration of specificity is essential and required. For this purpose, analysts also control
the quantity of protein in the sample. Thus, the limits of detection (LOD), limits of quantitation
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(LOQ), and other measures of quantity are not required attributes of the method. Examples
include material identity assays that demonstrate the isotype of an IgG and, in some cases,
demonstrate the specificity of an antibody in a method validation. If there is no interference
from the matrix or potential cross-reaction with other materials present in the sample, then a
simple slot/dot blot may suffice. If multiple proteins in the sample display immunoreactivity and
must be distinguished from each other, another separation procedure must be used before
blotting and immunostaining. The complexity of the proteins in the sample and the usefulness of
the additional information gained using an electrophoretic separation help determine if a
slot/dot blot can meet the needs of the test.
LIMIT TESTING
In other applications, analysts may want to show that an impurity has been removed to a level
below toxicological concern. In many cases, a limit test is used when it is possible to say yes or
no about the presence or absence of a protein below a predetermined level. This simplifies the
development and validation of the method. With densitometry (scanning or imaging) equipment,
the intensity of spots or bands can be determined relative to a standard curve, resulting in an
estimate of concentration. An LOD should be determined to establish the appropriate limit
threshold for the method. A dot blot may be suitable for either circumstance if the specificity of
the antibody in the sample matrix can be demonstrated.
Another common purpose for an immunoblot is to show the presence or absence of a protein
expressed from a culture. In this situation, analysts want to establish the identity of the
protein by immunostaining, as well as verify that the protein has the expected molecular
weight. This provides further assurance of no nonspecific interactions with other proteins in a
complex matrix that generates the signal in the blot.
SPECIFICITY TESTING
Characterizing the specificity of the reagents for an ELISA impurity test or an immunoaffinity
column also are common immunoblot purposes. This is another form of an identity test in which
the desired endpoint is demonstration of the specificity of binding between the antigen and the
antibody. The result of the measurement is a demonstration of binding to a select group of the
total protein population in the sample or binding to the whole population of proteins in the
sample, as required for host-cell protein assays. In order to demonstrate the specificity of an
antibody relative to a population of proteins, analysts typically must carry out electrophoretic
or other separations. Showing, by means of immunostaining, that a protein of the right
molecular weight or pI can be recognized by the antibody is a powerful demonstration both of
specificity toward a given protein and the absence of binding to other proteins. In addition,
having, within the same experiment, the appropriate positive control samples that are known to
contain the protein, and the appropriate negative samples that are known not to contain the
protein, makes a convincing argument for the specificity and selectivity of the antibody when
analysts validate an ELISA method for protein impurities. Electrophoretic separations can be
done in one dimension using either SDS–PAGE (for molecular weight) or isoelectric focusing
(IEF; for isoelectric point) for a limited number of proteins with known molecular weights.
Electrophoretic separations also can be done in two dimensions (e.g., IEF followed by SDS–
PAGE) to show selectivity and specificity toward a more heterogeneous population of proteins.
A 2D Western blot commonly is used to demonstrate the specificity of a polyclonal antibody
candidate directed against a host-cell protein (HCP) antigen preparation before development of
a quantitative ELISA for that purpose.
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Assay Mode and Sample Introduction
After considering the critical elements required for each purpose of the method, the analyst
can use this information to select the most appropriate assay mode. The main points to
consider when developing an immunoblot method are shown in Figure 1. If appropriate, spotting
samples on a membrane or applying by vacuum is the easiest and most convenient way to
introduce a sample to an immunoblot membrane. However, low levels of nonspecific binding from
multiple proteins can create additive nonspecific interference in dot blots or slot blots, resulting
in background levels that appear to be the desired analyte.

Figure 1. Method Development Flow Chart.
Electrophoretic separations, although time consuming, can be useful for separating and further
distinguishing specific and nonspecific binding. Analysts must trade sensitivity for selectivity in
going from a single dimension to two dimensions because of the further separation of
immunoreactive species from a single band into multiple spots, as is the case with the
heterogeneity seen in sialylated proteins or deamidated species.
Assay Controls and Standards
Controls and standards are selected based on the purpose of the assay and the information
needed during development. Protein molecular weight markers can be used to obtain an
accurate estimate of the molecular weight of immunoreactive species. The use of positive and
negative controls is helpful for troubleshooting throughout the experimental design process.
Standards or positive and negative controls can be used to assess system suitability and to
establish method performance. A positive control can confirm appropriate protein migration and
can confirm that membrane transfer has reached completion. A negative control is useful for
assessing nonspecific interactions. A method sensitivity control near the LOQ can be used to
measure the consistency of the method near the LOQ to evaluate changes in assay
performance.
Membrane Selection
A membrane is selected based on the application and the protein being measured. Membranes
with various pore sizes should be available and should be suitable for the molecular weight of
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the protein of interest to aid in appropriate transfer of different sizes of proteins. If a chemical
staining method is known to work on a specific membrane with a specific protein, then it is
advantageous to show that the protein binds to the membrane and is stained before analysts
work on the immunostaining steps for the assay. Electrophoretic separations followed by
transfer to a membrane should be optimized with chemical staining, e.g., with sensitive
fluorescent stains or silver stains and at potentially higher loads before analysts work on lower
load levels required for blot optimization. Stains such as Coomassie or colloidal Coomassie may
not have sufficient sensitivity to detect a low level of impurities required for certain
applications.
Optimize Blot Transfer
Analysts should optimize transfer times from the gel to the membrane. Larger proteins require
more time for transfer than smaller proteins. Small proteins may be lost during long transfer
times and can transfer from the gel all the way through the membrane and be lost on the other
side. The density of the gel and gradient gels can result in nonuniformity of transfer from the
top to the bottom of the gel. During transfer optimization, many method developers use multiple
membranes in order to capture proteins that transfer through the first membrane. Chemical
staining of both the gel and the membranes can provide useful information about the location of
the proteins transferred from the gel to support, either extending or reducing the transfer time.
After they select the assay mode, analysts next investigate spotting of the antigen or transfer
from a gel to the appropriate membrane at various relevant concentration levels. Levels of
analyte above the concentration needed for a Western blot may be required at first to
determine if transfer and recognition by the antibodies is possible. If the analyte is present in
low concentrations, spiking may be necessary to show its location during transfer optimization.
Because of the potential variability of immunostaining and transfer, a sensitivity control or
several levels of controls should be incorporated into the method based on the analyte titration
above the background level. This can be adjusted as method development progresses.
Antibody Specificity
Analysts should demonstrate antibody specificity early in immunoblot method development. If
possible, they should test samples of the matrix without the analyte and should show an
absence of response. In contrast, samples that contain analyte spiked into the matrix should
show a positive response, demonstrating the specificity of the antibodies.
Analysts also should demonstrate the specificity of the secondary antibody conjugate or label.
Control immunoblots with lanes or spots of primary antibody and control matrix samples
containing the analyte as a negative control can show that the secondary antibody is binding
to the primary antibody and not to proteins found in the matrix. Commercial sources for enzyme
conjugates or fluorescent-labeled anti-species antibodies are readily available and normally are
screened or affinity purified against the species of antibody being detected, which eliminates
some of the early work needed to achieve the desired specificity. The secondary antibody or
detection system must be matched with the detection equipment and the desired sensitivity of
the assay, e.g., fluorescence, colorimetric precipitating substrates, or chemiluminescence.
Select Blocking Reagent
Replicate membranes can be blocked with previously described blocking agents as analysts
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select the most appropriate blocking reagent and the amount of time required to minimize
background by means of subsequent primary and secondary antibody incubations. Analytes
titrated at multiple concentrations on the membrane allow analysts to assess the amount of
signal to the amount of noise (background) with various blocking reagents followed by
immunostaining with the primary antibody, labeled secondary antibody, and substrate, if
needed, for visualization. This titration also serves as the starting point for examining LOD and
LOQ for limit tests and quantitative measurements. The LOD for immunoblots is determined by
the level of nonspecific background relative to the specific signal from the analyte. As is the
case with any other analytical method, if the background and signal are equal, there is no
distinction between the signal and the noise.
Titrate Primary and Secondary Antibodies
Titrating the level of primary and secondary antibody from low to high dilutions can also, as
with a blocking reagent, be used to select an antibody concentration that reduces background
binding in the blank regions surrounding protein spots or bands, and can optimize the signal
from the analyte. A matrix grid that varies the level of primary signal against secondary signal
can be useful for optimizing the background, improving analyte signal, and reducing the
consumption requirements for expensive antibody reagents.
Immunoaffinity chromatography against a highly purified antigen can be used to reduce the
level of nonspecific interference for all of the immunological reagents used in an immunoblot.
The method developer must be cautious that the selectivity, specificity, and affinity of the
primary antibody are not lost in affinity purification because of high-affinity antibodies that
remain on the antigen column or because of the destruction of antibody binding caused by
elution conditions. For the secondary antibody, immunoaffinity-purified anti-species antibodies
are available commercially in a variety of possible labels conjugated to the antibody.
Substrate Incubation and Data Acquisition
Analysts can optimize substrate development time for enzymes in order to minimize background
and improve the LOD and LOQ. Excessive substrate development times for precipitating
substrates can result in an intensification of the background level relative to the specific signal
from the desired analyte. If the blot is agitated during substrate incubation, undesired swirling
patterns of product from precipitating substrates can form. Too short an incubation time results
in a less-specific signal, but too long a time can result in high background and poor resolution.
Most enzyme conjugates have an optimum development time. Fluorescent labels and
chemiluminescent labels have the advantage of acquisition by scanning instrumentation that
can store data electronically and perhaps acquire image signals in an additive manner.
Fluorescent labels have the added advantages that the signal is stable with time, numerous
experiments for development time can be obtained with a single blot, and optimization of signal
acquisition can be performed on a single blot.
PROCEDURES
Slot/Dot Blots
Using an appropriate slot/dot apparatus, analysts can make antigens of interest adhere to a
suitable membrane (e.g., nitrocellulose) by gravity or vacuum filtration, followed by addition and
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incubation of antigen-specific antibodies that bind to epitopes on the antigens. Remaining
binding sites on the membrane are blocked by the addition of nonspecific antigen (e.g., BSA),
followed by probing of the antigen-specific antibodies with a detection system [e.g., protein
A/G conjugated to HRP binds to the antibodies that then are visualized using a 4-chloronaphthol (4-CN) peroxidase substrate]. Positive identification is the development of dots or
bands on the membrane. A negative result remains white or exhibits faint bands that are
considerably lighter than positive bands.
1D Immunoblotting
PREPARATION OF SDS–PAGE GELS
Analysts should choose an SDS–PAGE gel with a content of acrylamide–bisacrylamide suitable
for the molecular weight(s) of the protein(s) of interest; i.e., the smaller the molecular weight
of the protein, the higher the percentage of mono- or bisacrylamide, and conversely, the larger
the molecular weight of the protein, the lower the percentage of mono- or bisacrylamide.
Uniform-concentration gels have separation ranges as shown in Table 2, and gradient gels have
a separation range as shown in Table 3. Gels can be purchased ready-made or can be produced
in the laboratory according to procedures in

1056 .

Table 2. Linear Range of Separation (kD) for Uniform-Concentration Gels
Acrylamide Concentration
Linear Range of Separation
(%)
(kD)
5
57–212
7.5
36–94
10
20–80
12
12–60
15
10–43
Table 3. Linear Range of Separation (kD) for Gradient Gels
Acrylamide
Protein Range
(%)
(kD)
5–15
20–250
5–20
10–200
10–20
10–150
8–20
8–150
SAMPLES AND STANDARD
To prepare samples, analysts typically must lyse cells and tissues in order to release the
proteins of interest. The main consideration when choosing a lysis buffer is whether the
antibody chosen for detection of the protein(s) of interest can recognize denatured samples.
When this is not the case, analysts use buffers without detergent or with relatively mild,
nonionic detergent.
Samples should be treated (e.g., reduced, nonreduced, or denatured) according to general
chapter 1056 , and when a sample of unknown protein content is used, a series of dilutions
should be loaded onto the gel. Standards (molecular weight markers) should be treated
according to the manufacturer's instructions.
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ELECTROPHORESIS
Before applying samples to the stacking gel wells according to

1056 , analysts denature

samples at 95 –100 for 5 min. An appropriate volume of sample is loaded onto the gel, and a
voltage of 8 V/cm applied until the dye has moved into the resolving gel. Afterward, the
voltage is increased to 15 V/cm, and the separation is run until the bromophenol blue reaches
the bottom. If a commercially available gel is used, the manufacturer's recommendations are
followed. Table 4 shows common sample-loading volumes for particular gels.
Table 4. Common Sample-Loading Volumes
Gel
Maximum Sample
Thickness
Load Volume
Wells
(mm)
(µL)
10
1.0
25
10
1.5
37
12
1.0
20
15
1.0
15
15
1.5
25
TRANSFER
After electrophoresis, the proteins of interest can be blotted to a membrane such as
nitrocellulose or PVDF with a pore size that is appropriate for the molecular weight of the
proteins of interest. Both nitrocellulose and PVDF have a protein-binding capacity of about
100–200 µg/cm2. PVDF is more chemically resistant than nitrocellulose and is easier to handle.
Detailed instructions for the transfer process can be found on the websites of the
manufacturers of transfer apparatus and vary depending on the system.
Transfer can be done in wet or semi-dry conditions. Semi-dry transfer generally is faster, but
wet transfer is especially recommended for large proteins > 100 kD. For both kinds of transfer,
the membrane is placed next to the gel. The two are sandwiched between absorbent materials,
and the sandwich is clamped between solid supports to maintain tight contact between the gel
and membrane.
A standard buffer for transfer is the same as the buffer used for the migration or running buffer
without SDS, but with the addition of methanol to a final concentration of 20%. For proteins
larger than 80 kD, SDS should be included at a final concentration of 0.1%. Lowering methanol
in the transfer buffer also promotes swelling of the gel, allowing large proteins to transfer more
easily. Table 5 contains common buffers used for Western blot methods.
Table 5. Common Western Blot Buffer Formulations
Buffer
Content
Sample buffer 2× 1.89 g of Tris
(nonreducing)
5.0 g of SDS
1D electrophoresis 50 mg of bromophenol blue
25.0 mL of glycerol
100 mL of water
Adjust with HCl to a pH of 6.8.
Add water to 125 mL.
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Sample buffer 2×
(reducing)
1D electrophoresis

To nonreducing sample buffer:
Add 12.5 mL of 2-mercaptoethanol before adjusting the pH.
Alternatively, use 1.93 g of Tris, and add a suitable quantity of DTT a to
obtain a final concentration of 100 mM DTT.
Running buffer 10× 151.4 g of Tris
1D electrophoresis 721.0 g of glycine
50.0 g of SDS
Add water to 5000 mL.
Adjust to a pH of 8.1–8.8.
Transfer buffer 10× 151.4 g of Tris
721.0 g of glycine
Add water to 5000 mL.
Adjust to a pH of 8.1–8.8.
Transfer buffer 1× 100 mL of 10× stock
500 mL of water
200 mL of methanol
Add water to 1000 mL.
TBS 10×
24.23 g of Tris base
80.06 g of NaCl
Mix in 800 mL of ultrapure water.
Adjust with pure HCl to a pH of 7.6.
Add water to 1000 mL.
TBS-T
100 mL of TBS 10×
900 mL of water
1 mL of polysorbate 20
8.5 M Urea stock
510 g of urea
Add water to 1000 mL.
Sample buffer
47 mL of 8.5 M urea stock
2D electrophoresis 385 mg of tributyl phosphine (TBP)
2 g of CHAPSb
25 mg of bromophenol blue
1% carrier ampholytes of choice
a Dithiothreitol.
b 3-[(3-Cholamidopropyl)dimethylammonio]-1-propanesulfonate.
Methanol is necessary only if analysts use nitrocellulose. If they use PVDF, they can remove
methanol from the transfer buffer and need only to activate the PVDF before they assemble the
gel and membrane sandwich.
In semidry transfer, a sandwich of paper/gel/membrane/paper wetted in transfer buffer is
placed directly between the cathode and anode. During wet transfer the membrane should be
closest to the positive electrode, and the gel should be closest to the negative electrode. The
composition of the transfer buffer is not necessarily the same as the migration or running
buffer. Analysts should consult the apparatus manufacturer's protocol, and it is common to add
both SDS and methanol. The balance of SDS and methanol in the transfer buffer, the proteins'
molecular weights, and the gel percentage can affect transfer efficiency for both wet and
semidry transfers.
BLOCKING
Blocking the membrane prevents nonspecific background binding of the primary and secondary
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antibodies to the membrane. Traditionally, one of two blocking solutions is used: nonfat milk or
BSA (Cohn fraction V). Milk is cheaper but is not recommended for studies of phosphoproteins.
To prepare a 5% milk or BSA solution, weigh 5 g/100 mL of Tris-buffered saline containing
polysorbate 20 buffer (TBS-T; see Table 5). Mix well, and filter. Failure to filter can lead to
spotting in which tiny dark grains contaminate the blot during development. Incubate at 4 for
1 h with gentle shaking. Rinse in TBS-T after the incubation.
PRIMARY ANTIBODY AND INCUBATION BUFFER
Dilute the antibody with blocking buffer at a proper dilution (1:100–1:3000, depending on
antibody titer), and optimize the dilution according to the results. Too much antibody can
result in nonspecific bands.
INCUBATION TIME
Incubation time can vary between a few hours and overnight, and depends on the binding
affinity of the antibody for the protein and the abundance of protein. A more dilute antibody
with a prolonged incubation may improve specific binding.
INCUBATION TEMPERATURE
It is best to incubate under cold temperatures. When analysts incubate in blocking buffer
overnight, they should incubate at 4 to prevent contamination from bacterial growth, and
should gently agitate the antibody solution to enable adequate homogenous covering of the
membrane.
SECONDARY ANTIBODY AND INCUBATION BUFFER
Handle the secondary antibody and incubation buffer as follows. Wash the membrane several
times in TBS-T while agitating to remove residual primary antibody. Dilute the secondary
antibody with TBS-T at the suggested dilution. Too much secondary antibody can result in
nonspecific bands. Incubate the blot at room temperature for 1–2 h with gentle agitation. Table
1 shows multiple options for secondary detection reagents and methods. More details are
available in the Immunoblot Data Analysis section below.
Slot/Dot Blot
The procedure is similar to the procedure for 1D immunoblotting, but differs because protein
samples are not separated electrophoretically but are spotted directly onto the membrane
either manually or by use of a blotting unit (dot or slot blot format).
PROCEDURE USING MANUAL SPOTTING
Handle manual spotting as follows. Place a dry filter paper on a stack of dry paper towels. Place
filter paper that is pre-wet with transfer buffer on top of the dry filter paper. Place a pre-wet
membrane on top of the pre-wet filter paper. Samples are spotted onto the pre-wet membrane
and are allowed to absorb into the membrane. After the sample is absorbed, place the
membrane on a clean, dry filter paper to dry.
PROCEDURE USING A VACUUM-BLOTTING UNIT
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Analysts typically use a vacuum-blotting unit as follows. Prepare a membrane, and place it in
the blotting unit according to the manufacturer's instructions. Apply vacuum to the blotting
unit to remove excess buffer. To improve solubility, dissolve the sample in a buffer, and if it is
not clear, remove precipitates by centrifugation. If the sample is too viscous to pipette, then
dilute it further with buffer. With the vacuum off, carefully pipette samples into the wells, and
apply vacuum to the blotting unit. After all the samples have filtered through the membrane,
turn off the vacuum, add buffer to each well to wash down the sides, and apply vacuum again.
Remove the membrane, and proceed with immunoblotting.
2D Immunoblotting
SAMPLE PREPARATION
The compounds used to solubilize proteins must not increase the ionic strength of the solution.
For example, a common sample solubilization solution is the following: 8 M urea, 50 mM
dithiothreitol (DTT) or 2 mM tributyl phosphine (TBP), 4% 3-[(3cholamidopropyl)dimethylammonio]-1-propanesulfonate (CHAPS), 0.2% carrier ampholytes, and
0.0002% bromophenol blue. The addition of carrier ampholytes enhances the solubility of
proteins as they approach their isoelectric points. The use of ampholytes produces an
approximately uniform conductivity across the pH gradient without affecting its shape, meaning
that the concentration of carrier ampholytes should be optimized.
CHARGE SEPARATION
Several vendors produce and sell immobilized pH gradient (IPG) strips, or they can be made inhouse according to 1054 . The choice of IPG strips depends on the pI of the proteins of
interest. The size of the IPG should match the size of the second-dimension gel. The amount of
protein in each sample should be determined, and the amounts loaded on the IPG strips should
be in the range of 10–300 µg, depending on the size of the IPG. The sample and standard
should be loaded according to the manufacturer's instructions or according to 1054 .
Analysts then proceed with the isoelectric focusing by applying the electrical parameters
described in

1054

or by the manufacturer.
MOLECULAR WEIGHT SEPARATION

After charge separation, analysts must equilibrate the strip in SDS-containing buffer before
separation in the second dimension to determine molecular weight (as described previously in
the 1D Immunoblotting section). Analysts should position the strip directly on top of the gel,
then secure the strip by overlaying it with 0.5%–1.0% agarose prepared in SDS–PAGE running
buffer. To track the ion front in the second dimension, analysts can add bromophenol blue to
the agarose.
IMMUNOBLOT DATA ANALYSIS
The presence or absence of bands usually is determined by comparison to a control (highly
characterized antigens known or qualified to give a precise or expected response) of a type
that is similar to the antigen being processed. Although analysts usually perform a qualitative
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comparison, bands or dots can be quantitated using a detection system (e.g., after incubating
in a solution containing 4-CN peroxidase substrate; also see Table 1), and are compared to the
control bands run in parallel (e.g., in the same gel).
Detection Options
ENHANCED CHEMILUMINESCENCE
Enhanced chemiluminescence is a popular method for detection in immunoblot analysis because
it is highly sensitive (detection to pg or lower levels), and can be used to quantitate the
relative concentration of the protein of interest. The method depends on incubation of the blot
with a substrate that luminesces when exposed to the reporter on the secondary antibody. The
light is detected using either photographic film or a charge-coupled device (CCD) camera. The
image then is analyzed by densitometry to evaluate the relative amount of protein staining in
terms of optical density. By using an appropriate set of molecular weight standards as markers,
analysts can estimate molecular weight.
FLUORESCENCE DETECTION
Direct fluorescence can be used to detect proteins on blots. Direct fluorescence is simple,
rapid, sensitive, and has a greater linear range than enhanced chemiluminescent detection. The
advantage of direct fluorescence is the ability to detect many different fluorescent signals.
This analysis avoids the need to reprobe the blot. Compared to enhanced chemiluminescence,
fluorescence methods are easier to visualize and quantitate on CCD or laser-scanning imaging
systems. Some data-acquisition systems permit extending the time of data acquisition to
optimize signal-to-noise levels. Fluorescence-labeled blots that can be re-examined are useful
for this purpose.
Enhanced chemifluorescence (ECF) is another common fluorescence method. ECF uses
secondary antibodies conjugated to either HRP or AP. The enzyme-conjugated antibodies react
with specific substrates that produce fluorescence after enzymatic cleavage. Analysts visualize
the resulting signals using UV epi-illumination and capture digital images. An ECF signal has a
greater linear range than traditional enhanced chemiluminescence. For example, direct
fluorescence has a limit of detection in the pg range, and also has about 2 logs of linear
dynamic range.
Quantum dots also are an alternative to detect proteins in immunoblot analysis. Quantum dots
are a type of probe that can be conjugated to antibodies simultaneously or sequentially to
detect multiply labeled antigens, without the need for blot stripping. Similarly, near-infrared
(NIR) fluorophore–linked antibody is a method for antibody detection whereby light produced
from the excitation of a fluorescent dye is measured in a static state. Light measured in a
static state allows more precise and accurate detection than light measured in a dynamic state
(e.g., chemiluminescence).
RADIOACTIVE DETECTION
Proteins also can be detected by labeling an antigen with a radioactive isotope (e.g., iodine).
On the one hand, this method has the advantage that the radioactivity in a band is easy to
quantitate by means of time exposure to film and densitometry, or by directly excising the band
from the membrane and counting using a scintillation counter. On the other hand, radioactivity
also introduces the disadvantage of safety because analysts must manage radioactive material,
and analytical laboratories must have a program to control and monitor waste management and
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individual exposure.
Immunoblot Quantitation
NONELECTROPHORETIC QUANTITATION
The quantitation of a specific protein is achieved when the blot procedure is properly optimized
and generates a linear response range over a particular time frame. Immunoblot quantitation
includes several elements: adequate antigen and antibody concentrations and purity, antibody
specificity, blocking conditions, sufficient washes, and the duration and intensity of the signals.
Once the exposures are captured on a film or electronically under optimized conditions, analysts
use densitometric methods to quantitate results by comparing a specific protein on the blot and
on the standard. Analysts can correct results for background by including a negative control.
The intensity of the bands depends on the amount of protein. Different commercial software
packages are available for image analysis of bands on a film. Alternatively, digital imaging
systems containing CCD cameras usually include software designed to perform data analysis.
ELECTROPHORETIC QUANTITATION
Proteins of various molecular weights are identified by the extrapolation of plots of relative
mobilities of prestained proteins of known molecular weight and can be compared to the
positive control. Positive controls are trended to determine the limit range of the densitometry
results compared to the nominal concentration results. Independent of the detection method,
the following criteria must be met for a valid Western blot result.
Ensure adequate development by minimizing membrane overexposure and visualizing
staining controls.
The prestained molecular weight markers must be visible and must cover the anticipated
range.
The band(s) should have the appropriate location and intensity for the standard, the
control, and the protein of interest.
There should be no blot or staining artifacts that obscure the visualization and
interpretation of bands.
METHOD VALIDATION
As outlined by ICH Guideline Q2(R1) Validation of Analytical Procedures: Text and Methodology
(effective November 2005) and USP general chapter Validation of Compendial Procedures
1225 , a qualitative assay such as the slot/dot blot requires validation of specificity.
Specificity is the ability to detect the analyte in the presence of other components. For
validation, it should be shown that the particular steps of the slot/dot blot method can detect
the antigen when present and do not report false positive results when the antigen is absent.
In addition, demonstration of the specificity of the antigen-specific antibodies is part of the
specificity evaluation.
USP general chapter 1225 provides guidelines for the validation of analytical procedures, and
analysts should consider this resource when they validate immunoblot methods. All methods
require a demonstration of the specificity of the antibody to the antigen and the lack of
recognition of other proteins and reagents in the matrix. Identity tests require only specificity.
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Limit tests require specificity, LOQ, and LOD. A sensitivity control incorporated into each test
can show that the LOQ is met on each determination to account for potential changes in the
sensitivity of the method. A quantitative test requires all ICH validation parameters, including
robustness testing.
Demonstration of electrophoretic immunoblot specificity should include the following: stained
gels to show protein separation, stained blots to show adequate protein transfer to the
membrane, blots with control samples to show the specificity of the conjugate to the primary
antibody, and blots that show the binding of the antibody to the appropriate antigen. Method
validation also can identify the need for control membranes for each assay, as well as protein
sensitivity controls as measures of system suitability. 2S (USP36)
BRIEFING
1229.3 Monitoring of Bioburden. The USP general information chapter Sterilization and
Sterility Assurance of Compendial Articles

1211

is proposed to be split into several individual

chapters (see the Stimuli article in PF 38(2), An Outline of Planned Changes to USP 1211
Sterilization and Sterility Assurance of Compendial Articles, for background information on the
planned revisions). This new chapter proposal

1229.3

will address monitoring of bioburden.

(GCM: R. Tirumalai.)
Correspondence Number—C116373

Comment deadline: September 30, 2012
Add the following:
1229.3

MONITORING OF BIOBURDEN
INTRODUCTION

Monitoring in-process bioburden is an essential element of the overall contamination-control
program for sterilization or bioburden control. Bioburden monitoring should be designed for the
recovery of a broad range of microorganisms that are likely to be present in the material being
processed. Sterilization processes are implemented in order to eliminate bioburden in the
product, ensuring both adequate process control and end-user safety.
Bioburden is a potential risk to the patient not only before product sterilization but also
afterwards because of the presence of residual materials such as allergens, endotoxins, and
exotoxins. Although bioburden may be confidently destroyed by kill or destructive sterilization
processes or removed by retentive processes (filtration), as summarized in the ensuing
sections, its proliferation before sterilization should be avoided. Detection, enumeration, and
characterization of bioburden are important aspects of the development, validation, and
ongoing control of sterilization processes.
Destructive Processes
Destructive sterilization processes, e.g., moist and dry heat sterilization, are developed and
validated to kill microorganisms. The microorganisms that are most resistant to widely used
destructive processes are Gram-positive spore-forming bacteria (note that mold spores are less
resistant to these destructive processes than are bacterial spores). As a result of the
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resistance properties of these organisms, some species are commonly used as biological
indicators for the evaluation of sterilization process performance.
Processes that rely on ionizing radiation are an exception to typical resistance profiles because
some non-spore-forming microorganisms exhibit higher resistance than do spore formers.
The establishment of a new sterilization method requires the evaluation of microbial and spore
resistance (1,2). Analysts must evaluate the effects of a sterilization process for the
inactivation of potential bioburden.
Retentive Processes
The microorganisms least likely to be retained by a sterilizing filtration process are those that
are smaller than the smallest pores in the filter. Although size exclusion is an important factor,
filters do not retain microorganisms solely by sieve retention. Adsorption, wherein
microorganisms are retained within the filter matrix by entrapment or electrostatic forces, also
is an important retention mechanism. Additionally, studies have demonstrated that microbial
retention in sterilizing filtration is a function of the upstream bioburden, particularly when the
retention mechanism is adsorption. The control of prefiltration bioburden is an important riskmitigation factor in retentive processes, and this is particularly true when adsorption is a
predominant retention mechanism. Bioburden removal capability therefore depends on the size
and number of the bioburden microorganisms, the pore size distribution of the filter, the
properties of the solution under filtration, and the filtration operating parameters.
MONITORING AND SAMPLING
Statistical and analytical limitations complicate the evaluation of bioburden from both liquid and
solid materials. Many products are inherently antimicrobial, and some formulations contain
antimicrobial preservatives, both of which can limit bioburden recovery. Products that are
outside of the pH range of approximately 4–9 are strongly hyper- or hypotonic or have lower
water activity that may reduce or even eliminate recoverable microorganisms.
The collection of multiple samples can give varying results because of different nutritional and
cultural requirements, environmental stress to microorganisms, sampling methods, sample size,
sampling pattern, species heterogeneity, and shifting microbial populations. Because of the
technical challenges associated with bioburden analysis, analysts cannot recover, grow, or
enumerate organisms without variability in results.
Presterilization bioburden analysis should be conducted on samples that are representative of
those collected during routine preparation and processing. Sampling frequency should be
established based on previous data, known variability (e.g., seasonality of the bioburden),
batch size, material, process, and environmental influences. Bioburden should be recovered and
enumerated from samples that are representative of the process material. When the material is
stored in separate containers, analysts should consider testing multiple or composite samples.
Bioburden evaluation should include likely risks to the sterilization process from organisms found
in presterilization sampling. Total heterotrophic count methods should consider the properties of
both the product under evaluation and the characteristics of the process that may affect
recovery. Cultivation methods, diluents, and media selection must be based on past experience
with the manufacturing process (3). The methods listed in Microbiological Examination of
Nonsterile Products: Microbial Enumeration Tests 61 and Mycoplasma Tests 63 may be
appropriate for bioburden evaluation, although they may require modification to the methods
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and qualifications in order to meet the requirements of specific test materials.
Bioburden Screening
Analysts should screen the bioburden in order to determine the predominant microorganisms in
the samples to simplify identification. For example, because spore-formers are more likely to
survive a lethal process (with the exception of radiation sterilization) their isolation from the
sample facilitates the bioburden assessment. Figure 1 illustrates a bioburden screening program
that can be used for all sterilizing processes.

Fig. 1. Typical bioburden screening program.
Destructive Processes (except Radiation)
Microorganisms can be recovered after exposure to heat screening or shock at 100 , which
eliminates vegetative cells and also triggers the germination process in spore-forming bacteria
(4). Heat screening is used to eliminate vegetative cells that lack extensive resistance and to
encourage germination, thus making it relatively easy to isolate spore formers.
Published reports compare the resistance of recovered microorganisms to that of predefined
bioindicators for specific sterilization processes. Analysts should evaluate the isolated sporeforming bacteria to determine their resistance to specific lethal sterilization processes and thus
to ensure the validity of the sterilization method. Because published reports describe the
relative resistance of medically and environmentally isolated bacteria, mold, and yeast species
to the more commonly used sterilization methods, analysts may find only limited value in
repeating these resistance studies.
Radiation
Sterilization by radiation processes is based on the bioburden in the presterilized product.
Analysts commonly use bioburden-based sterilization processes as described in AAMI/ISO 11137
(5). To ensure consistent sterility assurance, lot-to-lot variability of bioburden must be known
and controlled. Data should be collected and analyzed for each batch of raw material,
intermediate, or product to ensure process control. AAMI/ISO 11137 provides detailed
information about radiation sterilization practices, including cycle development, validation
approaches, and dose-auditing methodologies including expectations for initial and periodic
bioburden assessment.
Sterilizing Filtration
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Analysts can screen microbial bioburden for filtration processes by passing the material through
a 0.45-µm-rated filter and examining the downstream effluent for microorganisms. Only those
microorganisms that pass the 0.45-µm filter are of interest because they present the greatest
potential challenge to the sterile filtration process. They should be evaluated against the
upstream bioburden. Bioburden of greatest concern includes Pseudomonas, Brevundimonas, and
Mycoplasma.
Identification
Recovered microorganisms can be identified to an appropriate level using the methods described
in Microbial Identification, Characterization, and Strain Typing 1113 . Only those
microorganisms that present a potential risk to the product or the patient require identification
to the species level or beyond. For a detailed discussion of the methods used to grow and
identify microorganisms, see 1113 . It is not necessary for the purposes of evaluating
presterilization bioburden to identify all isolates to the species level, although this can be
helpful in some investigations. Analysts must conduct all evaluative work with pure cultures,
and they must apply normal microbiology laboratory procedures for the selection and
maintenance of pure cultures.
Bioburden Control
A typical bioburden-control program includes review and analysis of potential sources of
contamination as well as sound process design and preventive and monitoring measures. The
microbiological contamination-control program should be developed to identify and control
bioburden and to assess product risk based on a formal assessment of risk modalities. The
bioburden risk assessment should result in the establishment of critical control points and
should include consideration of the following elements:
Microbiological attributes of materials before sterilization
Inherent antimicrobial properties of the materials
Time limits for process execution
Water activity of the material
Environmental conditions within the facility
Equipment design and cleaning
Sanitization, decontamination, and other active microbial control processes (such as
prefiltration)
Bioburden control is the preferred means of controlling microbial residual materials such as
allergens, endotoxins, and exotoxins. The direct detection of these residual materials is
challenging, which makes it difficult to reliably confirm their presence or absence.
REFERENCES

1. 21 CFR 807, Subpart E. Premarket Notification Procedures.
2. FDA. Updated 510(k) sterility review guidance K90-1; final guidance for industry and
FDA. 2002.
http://www.fda.gov/MedicalDevices/DeviceRegulationandGuidance/GuidanceDocuments/ucm072783.h
3. Murray CJ. Sampling and data analysis for environmental microbiology. In: Hurst CJ,

PF 38(4): Jul.-Aug. 2012

92

Knudsen GR, McInerney J, eds. Manual of Environmental Microbiology. 2nd ed.
Washington, DC: ASM Press; 2002:166–177.
4. Pflug IJ. Microbiology and Engineering of Sterilization Processes. 7th ed. Minneapolis,
MN: Environmental Sterilization Laboratory; 1990.
5. ANSI/AAMI/ISO. 11137. Sterilization of Health Care Products—Radiation—Part 1:
Requirements for Development, Validation, and Routine Control of a Sterilization
Process for Medical Devices. Arlington, VA: AAMI; 2006. 2S (USP36)

BRIEFING
1660 Evaluation of the Inner Surface Durability of Glass Containers. In response to
the recent product recalls that have further increased the pharmaceutical industry’s heightened
awareness of glass quality and glass delamination (i.e., the formation of glass flakes in a vial),
USP proposes a new general information chapter to recommend approaches to predict potential
formation of glass particles and delamination.
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1660

EVALUATION OF THE INNER SURFACE DURABILITY OF GLASS CONTAINERS
PURPOSE

This general information chapter provides information about factors that affect the durability of
the inner surface of glass containers and recommends approaches to predict the potential of a
drug product to cause formation of glass particles and delamination and to detect their
occurrence. Useful procedures are listed and can be applied for both characterization and
control tests.
SCOPE
This chapter addresses molded bottles and vials manufactured by molding; or ampules,
cartridges, vials, and prefillable syringes manufactured from tubing glass. Glass for
pharmaceutical packaging is classified as Type I borosilicate glass, Type II treated soda-limesilica glass, or Type III soda-lime-silica glass on the basis of the hydrolytic resistance of the
glass, as defined in Containers—Glass 660 . Type I glass containers are suitable for most
products for parenteral and nonparenteral use. Type II glass containers are suitable for most
acidic and neutral aqueous products for parenteral and nonparenteral uses, and can be used for
alkaline parenteral products when stability data demonstrate their suitability. Type III glass
containers usually are not used for parenteral products or for powders for parenteral use,
except when suitable stability test data indicate that Type III glass is satisfactory. This
chapter focuses primarily on Type I glass, because it is the most widely used in the
biopharmaceutical industry.
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The chapter should be useful for the following:
Contract manufacturing and filling organizations
Molded and tubing glass container manufacturers and converters
Pharmaceutical and biopharmaceutical companies
Glass, in the form of ampules, bottles, cartridges, vials, and prefillable syringes, is the container
material of choice for parenteral products. This is especially true for the biopharmaceuticals
that have increased the demand for small-volume glass cartridges, vials, and prefillable
syringes. Glass delamination, which ultimately results in the appearance of lamellae, is a serious
quality issue and can result in a product recall. Delamination with the appearance of glass
lamellae is a lagging indicator of structural instability. Although delamination is the most obvious
visual indicator, it represents the final stage of a seriously weakened glass surface structure,
and can be observed only at a point where prevention is no longer an option. In addition,
mechanical energy from shaking or vial-to-vial contact may dislodge the lamellae from the
weakened internal surface.
Tests for delamination combine an examination of the vial surface and analysis of an aggressive
test solution to predict the propensity of the internal glass surface of vials to delaminate.
Indicators include the appearance of a pitted, fractured surface instead of a smooth surface,
as well as a number of changes in the test solution, including increases in SiO2 concentration,
the ratio of SiO2 /B2 O3 or Si/Al, the number of subvisible particulates in the solution, and a fall
in pH.
GLASS TYPES
Glass in its pure form consists of silicon dioxide with a melting point of approximately 1700 .
Added network modifiers, such as sodium and potassium oxides or boric oxide, lower the melting
point, while other network stabilizers, such as calcium and aluminum oxides, improve the
durability of the glass. Colored glass (e.g., amber glass) is produced by transition metal oxides
such as iron oxides. All additives to pure silicon dioxide can be viewed as potential extractables
in glass.
Glass compositions do not exist at a stoichiometric chemical composition but rather are
expressed over a range of compositions. Thus, there is allowable variation within a glass type,
and glass types may vary slightly among glass producers. Soda-lime-silica glass consists of
silica (60%–75%), sodium and potassium oxides (12%–18%), and smaller amounts of calcium,
magnesium, and aluminum oxides (5%–12%). This glass has a relatively high coefficient of
expansion (COE) of 8.4 × 10 5 per degree and is susceptible to damage by thermic shock.
Borosilicate glass consists of silica (70%–80%), boric oxide (7%–13%), and smaller amounts of
sodium, potassium, and aluminum oxides. The presence of boron provides greater resistance to
thermal shock and to hydrolytic attack. Type I glass is available in two formulations: 33 glass
and 51 glass, in reference to their individual COEs of 32.5 × 10 7 per degree and 51.0 × 10 7
per degree, respectively.
FORMATION OF MOLDED AND TUBING GLASS CONTAINERS
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Formation of molded and tubing glass containers requires a number of steps. The quality of the
container used in packaging depends on the conditions and the quality control of each step.
Both molded and tubing glasses originate from a glass furnace, and different furnaces are
dedicated to borosilicate or soda-lime-silica glass. The refractory bricks lining the furnace
deteriorate with time and must be replaced. Worn bricks can contribute to cosmetic defects
such as stones (inclusions in the glass) that become incorporated into the molded glass
containers or glass tubing.
Molded glass vials and bottles are manufactured using a stream of molten glass cut to form a
piece of glass that then enters a mold that shapes the container. Formation of containers from
tubing glass is a two-step process. Glass tubes of a specific diameter are formed from a stream
of molten glass that exits the furnace, is cooled, and is sectioned into standard lengths. These
tubes are subsequently converted into glass containers (ampules, cartridges, syringes, or vials)
by either the glass manufacturer or by independent converters. It is technically difficult to form
glass tubing with a diameter sufficient to make bottles containing 100 mL or more, so these
containers are produced by molding.
Gas flames are used to soften tubing glass to form the neck, to melt the glass to form the
ampuls or vial base, and to separate the container from the glass tube. In the case of
cartridges and prefillable syringes, the glass tube is cut to length, and the ends are softened to
form the nozzle and flange of the syringe and the neck and rear of the cartridge. Heating rate,
maximum glass temperature, and production speed are critical parameters that can be adjusted
for individual forming machines. After formation, both tubing and molded containers pass
through an annealing oven (lehr) that heats the containers to approximately 570 and then
gradually cools them in order to remove stresses in the container due to the manufacturing
process. This too is a critical process because poorly annealed containers show reduced
durability.
The process of forming tubing vials and ampules has an effect on the local surface composition
of the glass. During formation of the neck and particularly the base, the temperature of the
inner surface of the containers can exceed the evaporation point of some of the glass
components such as alkali borates. Under certain time–temperature conditions, the glass can
phase separate during forming, creating nonhomogenous surface chemistry on the interior of
the container. Both scenarios are undesirable for the storage of aggressive liquids from a
surface durability perspective. Evidence of this can be obtained by appropriately etching the
glass with acid, after which an opaque ring will appear above the heel of the container,
indicating a negative change in the inner surface chemistry. The same phenomenon can be
observed at the shoulder of the container as well, but in many instances this area does not
experience prolonged contact with a liquid.
Glass also is reheated during depyrogenation and sterilization, both before and after filling
during terminal sterilization. The temperatures used for these steps are below those used for
forming and annealing (see Table 1), and do not pose an additional risk to the durability of the
glass from phase separation volatilization. The chemical durability of the glass can also be
compromised by the presence of water during these unit operations, because water can diffuse
into the glass and disrupt the silicate structure.
Table 1. Temperatures Encountered During Formation and Processing of Type I Tubing
Glass Containers
Typical
Temperatures
Key
Operations
( )
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Furnace
Sectioning of tube and base formation
Working range
Softening
Annealing
Depyrogenation range
Terminal sterilization

1650
1370
1000–1200
827
570
250–350
121

At times, the inner surfaces of glass ampules, vials, and bottles undergo additional treatments.
As an example, heating glass propagates sodium oxide toward the inner surface of the
container, but washing with water does not remove sodium oxide because of the latter’s limited
solubility. Over time, sodium ions migrate into the solution in the container and produce
hydroxide ions, resulting in an elevated pH in unbuffered solutions. Treatment with ammonium
sulfate converts the sodium oxide on the inner surface and to a depth of a few angstroms into
highly soluble sodium sulfate that then can be removed by washing. Although removal of sodium
ions from the surface does reduce the propensity for pH shift, published work also has shown
that the treatment weakens the inner surface by removing structural elements, leaving a silicarich layer. The process originally was designed to raise the surface hydrolytic resistance of
Type III soda-lime-silica glass to that of Type II glass in order to mimic the hydrolytic
resistance of Type I glass. This process also can be applied to Type I glass. In a further
example, treatment of the internal container surface of Type I glass with pure silica improves
the container’s durability.
In summary, the key factors that influence the glass surface durability of containers
manufactured from Type I glass (the type most often used for parenteral drugs) are
manufacturing conditions such as the forming temperature, the time of exposure to heat, and
the annealing conditions, plus any additional treatments after formation, such as the use of
ammonium sulfate. Storage in humid conditions and processing operations at the
pharmaceutical manufacturer, especially depyrogenation in the presence of water vapor and
terminal sterilization via autoclaving, also have been shown to reduce the chemical resistance
of glass.
GOOD GLASS SUPPLY-CHAIN PRACTICES
Before considering treatment of glass containers, manufacturers should consider the upstream
provenance of the containers they purchase. Thus, to maintain and improve container quality
over time, manufacturers should take a number of steps when they select a glass container
vendor.
Audit supplier (glass manufacturer or converter)
Obtain glass formulation from the supplier
Designate 33 or 51 COE for Type I glass
Determine tubing glass source(s) for converters
Determine production site(s)
Determine if the tubing converting equipment varies in age, design, and manufacturer
from site to site
Evaluate in-line electronic inspection systems for quality control of glass tubing and for
glass containers
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Determine whether the containers have been treated with ammonium sulfate
Establish acceptable quality levels for incoming lots with the vendor
Monitor and trend the quality of incoming batches by monitoring the values obtained by
the Surface Glass Test in

660

GLASS SURFACE CHEMISTRY
After manufacturers are assured of the quality and consistency of the glass containers they
purchase, they can use the complex aqueous chemistry of surface glass to decide on potential
drug product formulation and treatment steps that could increase glass stability. The reaction
between the glass surface and an aqueous phase (water or water vapor) involves ion exchange
between hydrogen ions and alkaline ions in the glass (Equation 1) and diffusion of water into
the glass (Equation 2). This results in hydration of the glass surface and an alkali-depleted,
silica-rich layer.

The presence of water in the leachate promotes hydrolysis of the Si–O bond (Equation 3) and
condensation (Equation 4), forming a silica-gel layer.

The mechanical properties of the surface gel that forms are different from those of bulk glass.
Repeated hydration and dehydration of the layer leads to the cracking of the gel layer and
eventual generation of particles. This process is worsened as the gel layer increases in
thickness. This phenomenon is well known in glass exposed to ambient moisture (known as
weathering). At higher pH values, the mechanism of glass degradation changes from the
leaching of alkali elements to the dissolution of the silicate network as shown in Equation 5 and
Equation 6.

Reaction (Equation 6) increases the solubility of the silicic acid in solution, driving the reaction
forward. At some point the limit of solubility is exceeded, and subvisible particles are formed. If
the solution is not buffered, a decrease in the solution pH will take place. These reactions and
scenarios apply only to the reactions of glass with water; the presence of drug product
formulations can complicate the situation considerably.
FACTORS THAT INFLUENCE INNER SURFACE DURABILITY
A number of factors have the potential to influence the durability of the inner surface of glass
containers. These factors include glass composition, the conditions under which the containers
were formed, subsequent handling and treatments, and the drug product in the container
(Table 2). Not all listed factors influence surface durability to the same degree, and their
effects can be additive. Because of the range of variables, end users should examine all
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relevant variables for an individual drug product and assess the degree of risk for delamination
and formation of subvisible and visible glass particles. Delamination is the process whereby thin
layers of glass—described as either flakes or lamellae—are detached from the inner surface of a
container. In some situations, the accumulation of risk factors indicates that a glass container
should not be used for a particular formulation.
Table 2. Factors That Influence the Inner Surface Durability of Glass
Container Storage,
Handling, and
Container
Processing
Drug Product
Glass composition
Molded or tubing
container
Manufacturing
process:
Converting
speed
Converting
temperature

Post-formation
treatments:
Ammonium
sulfate
Storage
conditions:
High
humidity

Drug substance
Formulation:
Acetate, citrate,
phosphate buffers
Sodium salts of organic
acids, e.g., gluconate,
malate, succinate,
tartrate
High ionic strength, e.g.,
>0.1 M of alkaline salts
Complexing agents, e.g.,
EDTA
High pH, e.g., >8.0
Terminal sterilization
Labeled storage conditions
(refrigerated or controlled room
temperature)
Shelf life

SCREENING METHODS TO EVALUATE INNER SURFACE DURABILITY
Each lot of Type I glass containers received by a pharmaceutical manufacturer must comply
with the Surface Glass Test in chapter 660 . This test provides an indication of surface
durability but does not appear to provide a clear direct correlation with the propensity to form
glass particles or to delaminate. A low surface alkalinity value can be obtained from containers
treated with ammonium sulfate; but the treatment itself may reduce the inner surface
durability, and the amount of alkalinity comes from the sum of all the internal surfaces.
Although this is representative for all internal surfaces of molded glass containers, tubing glass
containers can have different degrees of surface durability, depending on the location (e.g.,
just above the heel vs. the side wall). The most important variable that affects the surface
durability is the drug product itself, and because it uses water as the extracting medium, the
Surface Glass Test does not take this into consideration. Therefore, the Surface Glass Test
represents only a first step in quality control of surface durability, and additional screening
methods should be used to demonstrate the suitability of vials for a formulation from a
particular source before formal stability studies begin.
Predictive Screening Methods
Screening methods help evaluate glass containers from different vendors (molded or tubular),

PF 38(4): Jul.-Aug. 2012

98

glass formulations (COE 33 or 51), and post-formation treatments. Screening also establishes
lot-to-lot variation from individual vendors during the drug development process, as well as lotto-lot variations for products that have been shown to have a particular propensity to form
glass particles or to delaminate. Screening methods can use a number of different technologies
to examine three key parameters: visual examination and chemical profile of the inner surface
layer, the amount and identity of extracted elements in solution, and the number of subvisible
and visible particles in solution. Taken together, these elements are assessed by predictive
tests for formation of glass particles and delamination, processes that reflect reduced
durability. Predictive tests should look for precursors that lead to delamination rather than
flakes themselves, and should be able to quickly provide predictive indication of surface
durability. This makes the tests useful not just for vendor selection but also for evaluation of
individual lots if necessary. Some of the more commonly used analytical methods for evaluating
the three key parameters are shown in Table 3.
Parameter
Glass surface

Extracted
elements
in solution

Visible and
subvisible
glass particles
a
b
c
d
e
f

Table 3. Analytical Methods for Screening Studies
Test Parameter
Analytical Methods
Degree of surface pitting
Chemical composition as a function of
depth

DIC Microscopya or
EMb
SIMSc

Conductivity/pH
Individual and total extractables
SiO2 concentration
SiO2 /B2 O3 or Si/Al ratio

Conductivity/pH
meter
IC–MSd or ICP–OESe

Particle number and size
Particle morphology and composition

Particle size
analyzer
SEM–EDXf

Differential interference contrast microscopy.
Electron microscopy.
Secondary ion mass spectrometry.
Inductively coupled plasma–mass spectrometry.
Inductively coupled plasma–optical emission spectrometry.
Scanning electron microscopy–energy-dispersive X-ray spectroscopy.
Aggressive Screening Conditions

In selecting an appropriate primary glass container for pharmaceutical liquids, analysts should
consider two approaches. The first is a series of accelerated temperature exposures using
aggressive conditions that establish, in rank order, the chemical durability of the container
without any specific reference to a given compound. Such testing can be helpful when
selecting a packaging kit for which the most chemically durable glass is desired. This testing
also can be helpful in determining if changes in glass quality have occurred or in assessing
processing changes that have been made by the primary container manufacturer. Table 4
provides some model systems that could be used for this assessment.
Table 4. Formulations and Conditions Used to Accelerate Delamination
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0.9% KCl 3% Citric Acid 20 mM Glycine
pH 8.0
pH 8.0
pH 10.0
24 h at 50
Conditions 2 h at 121 24 h at 80
Formulation

Screening Strategy for Drug Products
If the purpose of the glass screening is to determine the suitability of a given glass container
for a specific product, the testing proposed in Table 4 is insufficient. The exposure conditions
are too harsh and do not provide a direct link to the product itself. In these instances,
accelerated conditions are still relevant, but they must link to the relevant conditions for the
given product. For example, if a product will be stored at 5 and accelerated conditions are 30
, then testing should occur at 30 . Many products or formulations cannot withstand the
elevated temperatures shown in Table 4. In addition, false positive testing results could be
obtained because the unusually high temperatures shown in Table 4 could cause signs of
delamination, but moderate exposure at 30 would produce no evidence of glass incompatibility.
Because lower temperatures are required for actual product testing, the duration of testing
must be longer, ranging from weeks to months. A larger number of vials also is appropriate for
this scenario because the goal of the testing is to ensure the results are representative of the
quality of the glass that will be used for the drug product. Table 5 shows some of the
conditions that could be used for testing with a specific product.
Table 5. Screening Strategy for Glass Vials
Water Control
Stress Test
Drug Product Control
Washed, depyrogenated
container
Filled with Water for
Injection
Autoclaved
Accelerated drug product
stability storage conditions

Washed,
depyrogenated
container
Filled with
stress test
solution
Accelerated
treatment

Washed, depyrogenated
container
Filled with drug product
Autoclave if applicable
Accelerated drug product
stability storage conditions

CONCLUSIONS
Evaluation of the internal surface of glass containers begins with the Surface Glass Test, which
uses water as the extracting medium. A low value is not always an indicator of a durable inner
surface because the results are obtained using surface treatments (e.g., ammonium sulfate).
Such treatments can lead to a silica-rich surface layer that represents a weakened glass
structure, and risk of delamination increases when the vial is filled with formulations that
contain aggressive agents such as organic acids, EDTA, or solutions that have high ionic
strength or pH. The screening methods and strategies described in this chapter can assist in
the evaluation of glass containers from different suppliers and can provide an indication of the
propensity of the selected formulation to cause delamination over time. Selection of glass vials
intended to contain a drug product with one or more of the formulation risk factors identified in
Table 2 should undergo particular scrutiny.
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ADDITIONAL SOURCES OF INFORMATION
The references provide additional resources regarding the reaction of glass with solutions. They
are not exhaustive but are intended to provide greater depth of information should the need
arise.
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2S (USP36)

BRIEFING
Reagents, Indicators, and Solutions, page 5245 of the First Supplement to USP 35. It is
proposed to modernize the text of this section.
(HDQ: M. Marques.)
Correspondence Number—C116567
Change to read:
This section deals with the reagents and solutions required in conducting the Pharmacopeial
and the National Formulary tests and assays.
As is stated in the General Notices, listing of reagents, indicators, and solutions in the
Pharmacopeia in no way implies that they have therapeutic utility; thus, any reference to the
USP in their labeling is to include the term “reagent” or “reagent grade.”
Reagents required in the tests and assays for the Pharmacopeial and National Formulary articles
are listed in this section, generally with specifications appropriate to their intended uses.
Exceptions to the latter include those reagents for which corresponding specifications are
presented in the current edition of Reagent Chemicals, published by the American Chemical
Society, and reagents for which specifications could not be drafted in time for inclusion here.
Thus, where it is directed to “Use ACS reagent grade,” it is intended that a grade meeting the
corresponding specifications of the current edition of ACS Reagent Chemicals shall be used.
Where no such specifications exist, and where it is directed to “Use a suitable grade,” the
intent is that a suitable reagent grade available commercially shall be used. Occasionally,
additional test(s) augment the designation “suitable grade,” as indicated in the text. Listed also
are some, but not all, reagents that are required only in determining the quality of other
reagents. For those reagents that are not listed, satisfactory specifications are available in
standard reference works.
In those instances in which a reagent required in a Pharmacopeial or National Formulary test or
assay need not be of analytical reagent quality, it suffices to refer to the monograph for that
article appearing in this Pharmacopeia or the National Formulary or the current edition of the

PF 38(4): Jul.-Aug. 2012

102

Food Chemicals Codex (FCC). In such cases it is to be understood that the specifications are
minimum requirements and that any substance meeting more rigid specifications for chemical
purity is suitable.
Where the name of a reagent specified in a test or assay is the same as the title of a USP or
NF article, and it does not appear among the following Reagent Specifications, a substance
meeting the requirements of the USP or NF monograph is to be used (e.g., Benzocaine, USP; or
Propylparaben, NF). However, reference is specifically made, under Reagent Specifications, to a
reagent bearing the name of a USP or NF article: (1) where there are requirements for a
reagent in addition to the USP or NF monograph requirements (e.g., Sodium Salicylate, USP; or
Isopropyl Myristate, NF), (2) where a source other than the USP or NF monograph is specified
(e.g., Lactose, ACS reagent; or Hydrochloric Acid, ACS reagent), (3) where complete reagent
specifications differ from the USP or NF monograph standards (e.g., Calcium Lactate; or
Thymol), or (4) where a standard material is included among the reagent specifications (e.g.,
Calcium Carbonate, primary standard; or Sodium Carbonate, primary standard).
Reagents and solutions should be preserved in tight containers made of resistant glass or other
suitable material. Directions for storage in light-resistant containers should be carefully
observed.
Stoppers and stopcocks brought into contact with substances capable of attacking or
penetrating their surfaces may be given a protective coating of a thin film of a suitable
lubricant unless specifically interdicted.
Where a particular brand or source of a material or piece of equipment, or the name and
address of a manufacturer, is mentioned, this identification is furnished solely for informational
purposes as a matter of convenience, without implication of approval, endorsement, or
certification.
Atomic absorption and flame photometry require the use of a number of metal-ion standard
solutions. While the individual monographs usually provide directions for preparation of these
solutions, use of commercially prepared standardized solutions of the appropriate ions is
permissible, provided that the analyst confirms the suitability of the solutions and has data to
support their use.
Reagents are substances used either as such or as constituents of solutions.
Indicators are reagents used to determine the specified endpoint in a chemical reaction, to
measure hydrogen-ion concentration (pH), or to indicate that a desired change in pH has been
effected. They are listed together with indicator test papers.
Buffer Solutions are referred to separately.
Colorimetric Solutions, abbreviated “CS,” are solutions used in the preparation of colorimetric
standards for comparison purposes.
Test Solutions, abbreviated “TS,” are solutions of reagents in such solvents and of such
definite concentrations as to be suitable for the specified purposes.
Volumetric Solutions, abbreviated “VS” and known also as Standard Solutions, are solutions
of reagents of known concentration intended primarily for use in quantitative determinations.
Concentrations are usually expressed in terms of normality.
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Water—As elsewhere in the Pharmacopeia, where “water”, without qualification, is mentioned
in the tests for reagents or in directions for preparing test solutions, etc., Purified Water (USP
monograph) is always to be used. Carbon dioxide-free water is Purified Water that has been
boiled vigorously for 5 minutes or more and allowed to cool while protected from absorption of
carbon dioxide from the atmosphere, or Purified Water that has a resistivity of not less than 18
Mohm-cm. Deaerated water, for purposes other than dissolution and drug release testing, is
Purified Water that has been treated to reduce the content of dissolved air by suitable means,
such as by boiling vigorously for 5 minutes and cooling or by the application of ultrasonic
vibration. Particle-free water is water that has been passed through a 0.22-µm filter.
Organic-free water is Purified Water that produces no significantly interfering peaks when
chromatographed as it is indicated in Identification, Control, and Quantification of Residual
Solvents under Residual Solvents

467

Chromatographic Solvents and Carrier Gases—The chromatographic procedures set forth in
the Pharmacopeia may require use of solvents and gases that have been especially purified for
such use. The purpose may be (a) to exclude certain impurities that interfere with the proper
conduct of the test procedure, or (b) to extend the life of a column by reducing the build-up of
impurities on the column. Where solvents and gases are called for in chromatographic
procedures, it is the responsibility of the analyst to ensure the suitability of the solvent or gas
for the specific use. Solvents and gases suitable for specific high-pressure or other
chromatographic uses are available as specialty products from various reagent supply houses,
although there is no assurance that similar products from different suppliers are of equivalent
suitability in any given procedure. The reagent specifications provided herein are for general
analytical uses of the solvents and gases and not for chromatographic uses for which the
especially purified specialty products may be required.
1. SCOPE
Reagents required in the tests and assay for the Pharmacopeial and National Formulary articles
and those required only in determining the quality of other reagents are listed in this section,
with specifications appropriate to their intended uses.
As stated in General Notices, 6.70 Reagents, listing of reagents, indicators, and solutions in the
Pharmacopeia in no way implies that they have theurapeutic utility; thus, any reference to the
USP or NF in their labeling shall include also the term “reagent” or “reagent grade”.
Where a particular brand or source of a material, instrument, or piece of equipment, or the
name and address of a manufacturer or distributor, is mentioned (ordinarily in a Note or
footnote), this identification is furnished solely for informational purposes as a matter of
convenience, without implication of approval, endorsement, or certification.
1.1 ACS (American Chemical Society) Reagent Grade
Where it is directed to “Use ACS reagent grade”, it is intended that a grade meeting the
corresponding specifications of the current edition of ACS Reagent Chemicals, published by the
American Chemical Society (ACS), shall be used.
1.2 Suitable Grade
In the cases where no ACS reagent monograph exists or if the reagent is available in different
quality grades, each one specific for a particular application, it is directed to “Use a suitable
grade”. The intent is that a suitable reagent grade available commercially shall be used.
Occasionally, additional test(s) augment the designation “suitable grade”, as indicated in the
text. Listed also are some, but not all, reagents that are required only in determining the
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quality of other reagents. For those reagents that are not listed, satisfactory specifications are
available in standard reference publications.
1.3 USP or NF or FCC Grade
In the instances in which a reagent required in a Pharmacopeial or National Formulary test or
assay meets the requirements to the monograph for that article appearing in this Pharmacopeia
or the National Formulary or the current edition of the Food Chemicals Codex (FCC), it suffices
to refer to the corresponding monograph in one of the these three compendia. In such cases it
is to be understood that the specifications are minimum requirements and that any substance
meeting more rigid specifications for chemical purity is suitable.
2. PACKAGING AND STORAGE
Reagents and solutions should be preserved in tight containers made of resistant glass or other
suitable material. Directions for storage in light-resistant containers should be carefully
observed.
Stoppers and stopcocks brought into contact with substances capable of attacking or
penetrating their surfaces may be given a protective coating of a thin film of a suitable
lubricant unless specifically interdicted.
3. METAL-ION STANDARD SOLUTIONS
Atomic absorption and flame photometry require the use of a number of metal-ion standard
solutions. While the individual monographs usually provide directions for preparation of these
solutions, use of commercially prepared standardized solutions of the appropriate ions is
permissible, provided that the analyst confirms the suitability of the solutions and has data to
support their use.
4. DEFINITIONS
4.1 Reagents: Reagents are substances used either as such or as constituents of solutions.
4.2 Indicators: Indicators are reagents used to determine the specified endpoint in a
chemical reaction, to measure hydrogen-ion concentration (pH), or to indicate that a desired
change in pH has been effected. They are listed together with indicator test papers.
4.3 Buffer Solutions: Buffer solutions resist changes in the activity of an ion on the addition
of substances that are expected to change the activity of that ion.
4.4 Colorimetric Solutions (CS): Colorimetric solutions are solutions used in the preparation
of colorimetric standards for comparison purposes.
4.5 Test Solutions (TS): Test solutions are solutions of reagents in such solvents and of such
definite concentrations as to be suitable for the specified purposes.
4.6 Volumetric Solutions (VS): Volumetric solutions are solutions of reagents of known
concentration intended primarily for use in quantitative determinations.
4.7 Water: As elsewhere in the Pharmacopeia, where “water”, without qualification, is
mentioned in the tests for reagents or in directions for preparing any solutions, Purified Water
(USP monograph) is always to be used.
4.7.1 Carbon Dioxide-Free Water: It is Purified Water that has been boiled vigorously for 5
min or more and allowed to cool while protected from absorption of carbon dioxide from the
atmosphere, or Purified Water that has a resistivity of NLT 18 Mohm-cm.
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4.7.2 Deaerated Water: For purposes other than dissolution and drug release testing, it is
Purified Water that has been treated to reduce the content of dissolved air by suitable means,
such as by boiling vigorously for 5 min and cooling or by application of ultrasonic vibration.
4.7.3 Particle-Free Water: It is water that has been passed through a suitable filter of 0.22µm pore size.
4.7.4 Organic-Free Water: It is Purified Water that produces no significantly interfering
peaks when chromatographed as indicated in Residual Solvents
and Quantification of Residual Solvents.

467 , Identification, Control,

5. CHROMATOGRAPHIC SOLVENTS AND CARRIER GASES
The chromatographic procedures set forth in the Pharmacopeia may require use of solvents and
gases that have been especially purified for such use. The purpose may be (a) to exclude
certain impurities that interfere with the proper conduct of the test procedure, or (b) to extend
the life of a column by reducing the build-up of impurities on the column. Where solvents and
gases are called for in chromatographic procedures, it is the responsibility of the analyst to
ensure the suitability of the solvent or gas for the specific use. Solvents and gases suitable for
specific high-pressure or other chromatographic uses are available as specialty products from
various reagent supply houses, although there is no assurance that similar products from
different suppliers are of equivalent suitability in any given procedure. 2S (USP36)
BRIEFING
Reagents, page 5246 of the First Supplement to USP 35. It is proposed to modernize the
text and to add a test for Amino Nitrogen. Editorial changes have also been made.
(HDQ: M. Marques.)
Correspondence Number—C114836
Change to read:
For the purposes of the following specifications, these definitions apply: A blank consists of the
same quantities of the same reagents treated in the same manner as the specimen under test.
A control is a blank to which has been added the limiting quantity of the substance being
tested for, or is a specified comparison solution prepared as directed in the particular test.
The values given in boldface type following chemical symbols and formulas represent,
respectively, atomic and molecular weights of the substances concerned.
Color and turbidity comparisons are to be made in color-comparison tubes that are matched as
closely as possible in internal diameter and in all other respects, as directed for Visual
Comparison under Spectrophotometry and Light-Scattering
called “Nessler tubes.”

851 . Such tubes frequently are

In making visual comparisons of the densities of turbid fluids, compensate for differences in
color, if necessary, by viewing the turbidity through a column of water, the depth of which is
determined by the volume specified in the individual reagent specification. Place the water in
color-comparison tubes, and hold one of the tubes above the control tube and the other below
the specimen tube.
Where an expression such as “Retain the filtrate” appears it is to be understood, unless
otherwise indicated, that the washings of the residue are not to be added to the filtrate
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obtained. In the test heading, Calcium, magnesium, and R2 O3 precipitate, the expression R2 O3
is intended to indicate the residue on ignition from compounds precipitated upon the addition of
ammonium hydroxide, such as Fe2 O3 and Al2 O3 .
1. DEFINITIONS
1.1 Blank
A blank consists of the same quantities of the same reagents treated in the same manner as
the specimen under test.
1.2 Control
A control is a blank to which has been added the limiting quantity of the substance being
tested for, or is a specified comparison solution prepared as directed in the particular test.
2. DESCRIPTION OF THE REAGENTS ENTRY

3. VISUAL COMPARISONS
For color and turbidity comparisons, proceed as directed in Spectrophotometry and LightScattering 851 , Visual Comparison. The tubes used in this procedure frequently are called
“Nessler tubes”.
In making visual comparisons of the densities of turbid fluids, compensate for difference in
color, if necessary, by viewing the turbidity through a column of water, the depth of which is
determined by the volume specified in the individual reagent specification. Place the water in
color-comparison tubes, and hold one of the tubes above the control tube and the other below
the specimen tube.
4. RETAIN THE FILTRATE
“Retain the filtrate” is to be understood, unless otherwise indicated, that the washings of the
residue are not to be added to the filtrate obtained.
5. EXPRESSION R2O3
The expression R2 O3 is intended to indicate the residue on ignition from compounds precipitated
upon the addition of ammonium hydroxide, such as Fe2 O3 and Al2 O3 . 2S (USP36)
Change to read:
6. GENERAL TESTS FOR REAGENTS
The following general test methods are provided for the examination of reagents to determine
their compliance with the specifications of the individual reagents and are to be used unless it
is otherwise directed in such specifications.
6.1 Boiling or Distilling Range for Reagents
Use the following procedure for determining the boiling or distilling range of reagents, unless
otherwise directed in the individual specifications:
APPARATUS—Use apparatus similar to that specified for Distilling Range—Method I 721 ,
except that the distilling flask is to be of 250-mL capacity, to have a short neck, and to be
connected to the condenser by means of a three-way connecting tube fitted with standardtaper ground joints.
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PROCEDURE—Place the distilling flask in an upright position in the perforation in the asbestos
board, and connect it to the condenser.
Measure 100 mL of the liquid to be tested in a graduated cylinder, and transfer to the boiling
flask together with some device to prevent bumping. Use the cylinder as the receiver for the
distillate. Insert the thermometer, and heat so as to distill at the rate of 3–5 mL/min. Make a
preliminary trial, if necessary, to determine the adjustment for the proper rate of heating. Read
the thermometer when about 20 drops have distilled and thereafter at volumes of distillate of 5,
10, 40, 50, 60, 90, and 95 mL. Continue the distillation until the dry point is reached.
The Boiling or Distilling Range is the interval between the temperatures when 1 mL and 95 mL,
respectively, have distilled.
6.2 Amino Nitrogen Test in Reagents
Determine the percentage of loss on drying of the sample in appropriate conditions. Transfer
about 500 mg of the sample to a 100-mL beaker. Add 20 mL of water. Adjust the pH
potentiometrically to 6.0 with 0.1 N hydrochloric acid or 0.2 N sodium hydroxide. Add 10 mL of
formaldehyde solution. Titrate the solution potentiometrically with 0.2 N sodium hydroxide to a
pH of 9.0. Calculate the percentage of amino nitrogen:

where %LOD is the percentage of loss on drying.

2S (USP36)

6.3 Arsenic in Reagents
Select reagents for this test for a low arsenic content, so that a blank test results in either no
stain or one that is barely perceptible.
APPARATUS—Prepare a generator by fitting a 1-hole rubber stopper into a wide-mouth bottle
of about 60-mL capacity. Through the perforation insert a vertical exit tube about 12 cm in
total length and 1 cm in diameter along the entire upper portion (for about 8 cm) and
constricted at its lower extremity to a tube about 4 cm in length and about 5 mm in diameter.
The smaller portion of the tube should extend to just slightly below the stopper. Place washed
sand or a pledget of purified cotton in the upper portion to about 3 cm from the top of the
tube. Moisten the sand or cotton uniformly with lead acetate TS, and remove any excess or
adhering droplets of the latter from the walls of the tube. Into the upper end of this tube fit a
second glass tube 12 cm in length, having an internal diameter of 2.5–3 mm, by means of a
rubber stopper. Just before running the test, place a strip of mercuric bromide test paper (see
under Indicator and Test Papers) in this tube, crimping the upper end of the strip so that it will
remain in position about 2 cm above the rubber stopper. Clean and dry the tube thoroughly
each time it is used.
STANDARD ARSENIC SOLUTION—Use the Standard Preparation, prepared as directed in
Arsenic

211 .

TEST PREPARATION—Add 1 mL of sulfuric acid to 5 mL of a solution of the chemical substance
(1 in 25), unless another quantity is directed in the individual reagent specification. Omit its
addition entirely in the case of inorganic acids. Unless especially directed otherwise, add 10 mL
of sulfurous acid. Evaporate the liquid in a small beaker, on a steam bath, until it is free from
sulfurous acid and has been reduced to about 2 mL in volume. Dilute with water to 5 mL to
obtain the Test Preparation. Substances subjected to special treatments specified in the
individual reagent specification may be used directly as the Test Preparation.
[Note—Solutions prepared by the dissolving of the chemical substances in dilute acids are not
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considered to have undergone special treatment.]
STANDARD STAIN—Place in the generator bottle 5 mL of potassium iodide TS, 2.0 mL of
Standard Arsenic Solution, 5 mL of acid stannous chloride TS, and 28 mL of water. Add 1.5 g of
granulated zinc (in No. 20 powder), and immediately insert the stopper containing the exit tube.
Keep the generator bottle immersed in water at 25 during the period of the test to moderate
the reaction so that the stain will take the form of a distinctive band to facilitate the
comparison of color intensity. When evolution of hydrogen has continued for 1 h, remove the
mercuric bromide test paper for comparison. This stain represents 2 µg of arsenic.
PROCEDURE—Pipet into the generator bottle 5 mL of potassium iodide TS and 5 mL of the Test
Preparation, and add 5 mL of acid stannous chloride TS. Set the apparatus aside at room
temperature for a period of 10 min, then add 25 mL of water and 1.5 g of granulated zinc (in
No. 20 powder), and proceed as directed for the Standard Stain. Remove the mercuric bromide
test paper, and compare the stain upon it with the Standard Stain: the stain produced by the
chemical tested does not exceed the standard stain in length or in intensity of color, indicating
not more than 10 parts of arsenic per million parts of the substance being tested. Since light,
heat, and moisture cause the stain to fade rapidly, place the papers in clean, dry tubes, and
make comparisons promptly.
INTERFERING CHEMICALS—Antimony, if present in the substance being tested, produces a
gray stain. Sulfites, sulfides, thiosulfates, and other compounds that liberate hydrogen sulfide
or sulfur dioxide when treated with sulfuric acid must be oxidized by means of nitric acid and
then reduced by means of sulfur dioxide as directed for the Test Preparation before they are
placed in the apparatus. Certain sulfur compounds, as well as phosphine, give a bright yellow
band on the test paper. If sulfur compounds are present, the lead acetate-moistened cotton
or sand will darken. In that case, repeat the operation as directed for the Test Preparation
upon a fresh portion of the solution being tested and use greater care in effecting the complete
removal of the sulfurous acid. In testing hypophosphites, observe special care to oxidize
completely the solution being tested as directed, otherwise the evolution of phosphine may
result in a yellow stain which may be confused with the orange-yellow color produced by
arsine. The stain produced by phosphine may be differentiated from that given by arsine by
means of moistening it with 6 N ammonium hydroxide. A stain caused by arsine becomes dark
when so treated, but a stain produced by phosphine does not materially change in color.
6.4 Chloride in Reagents
STANDARD CHLORIDE SOLUTION—Dissolve 165.0 mg of dried sodium chloride in water to make
1000.0 mL. This solution contains the equivalent of 0.10 mg of chlorine (Cl) in each mL.
PROCEDURE—Neutralize, if alkaline, a solution of the quantity of the reagent indicated in the
test in 25 mL of water, or a solution prepared as directed in the test, with nitric acid, litmus
paper being used as the indicator, and add 3 mL more of nitric acid. Filter the solution, if
necessary, through a filter paper previously washed with water until the paper is free from
chloride, and add 1 mL of silver nitrate TS. Mix, and allow to stand for 5 min protected from
direct sunlight. Compare the turbidity, if any, with that produced in a control made with the
same quantities of the same reagents as in the final test and a volume of Standard Chloride
Solution equivalent to the quantity of chloride (Cl) permitted by the test. Adjust the two
solutions with water to the same volume before adding the silver nitrate TS, and compare the
turbidities.
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In testing barium salts, neutralize, if alkaline, the solution containing the reagent, with nitric
acid, and add only 3 drops more of nitric acid. Conduct the remainder of the test as described
previously.
In testing salts giving colored solutions, dissolve 2 g of the reagent in 25 mL of water, and add
3 mL of nitric acid. Filter the solution, if necessary, through a filter paper previously washed
with water, and divide the filtrate into two equal portions. Treat one portion with 1 mL of silver
nitrate TS, allow to stand for 10 min, and, if any turbidity is produced, filter it through a
washed filter paper until clear, and use the filtrate as a blank. Treat the other portion with 1
mL of silver nitrate TS, mix, and allow to stand for 5 min protected from direct sunlight.
Compare the turbidity with that produced in the blank by the addition of a volume of Standard
Chloride Solution equivalent to the quantity of chloride (Cl) permitted in the test, both solutions
being adjusted with water to the same volume.
6.5 Flame Photometry for Reagents
The use of flame photometric procedures to determine traces of calcium, potassium, sodium,
and strontium is called for in some of the reagent specifications. The suitability of such
determinations depends upon the use of adequate apparatus, and several instruments of
suitable selectivity are available. The preferred type of flame photometer is one that has a redsensitive phototube, a multiplier phototube, a monochromator, an adjustable slit-width control,
a selector switch, and a sensitivity control. Other types of photometers may be used, provided
the operator has proved that the instrument will determine accurately the amount of impurities
permitted in the reagent to be tested.
The flame photometric procedures depend upon the use of semi-internal standards, and thus
require both a Sample Solution and a Control Solution. For the Sample Solution, a specified
weight of specimen is dissolved and diluted to a definite volume. For the Control Solution, the
same amount of specimen is dissolved, the limiting amounts of the suspected impurities are
added, and the solution is then diluted to the same definite volume as the Sample Solution. The
flame photometer is set as directed in the general procedures and then adjusted to give an
emission reading as near 100% transmittance as is possible with the Control Solution at the
wavelength specified for the particular impurity concerned. With the instrument settings left
unchanged, the emission from the Sample Solution is read at the same wavelength and at a
specified background wavelength. The background reading is then used to correct the observed
emission of the Sample Solution for the emission due to the specimen and the solvent. The
specimen being tested contains less than the specified limit of impurity if the difference
between the observed background and total emissions for the Sample Solution is less than the
difference between the observed emissions for the Control Solution and the Sample Solution at
the wavelength designated for the particular impurity.
CALCIUM IN REAGENTS—
Standard Calcium Solution—Dissolve 250 mg of calcium carbonate in a mixture of 20 mL of
water and 5 mL of diluted hydrochloric acid, and when solution is complete, dilute with water to
1 L. This solution contains 0.10 mg of calcium (Ca) per mL.
Procedure—Use the Sample Solution and the Control Solution prepared as directed in the
individual test procedure.
Set the slit-width control of a suitable flame photometer at 0.03 mm, and set the selector
switch at 0.1. Adjust the instrument to give the maximum emission with the Control Solution at
the 422.7-nm calcium line, and record the transmittance. Without changing any of the
instrument settings, record the transmittance for the emission of the Sample Solution at 422.7
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nm. Change the monochromator to the wavelength specified in the individual test procedure,
and record the background transmittance for the background emission of the Sample Solution:
the difference between the transmittances for the Sample Solution at 422.7 nm and at the
background wavelength is not greater than the difference between transmittances observed at
422.7 nm for the Sample Solution and the Control Solution.
POTASSIUM IN REAGENTS—
Standard Potassium Solution—Dissolve 191 mg of potassium chloride in a few mL of water,
and dilute with water to 1 L. Dilute a portion of this solution with water in the ratio of 1 to 10
to obtain a concentration of 0.01 mg of potassium (K) per mL.
Procedure—Use the Sample Solution and the Control Solution prepared as directed in the
individual test procedure. [Note—In testing calcium salts, use an oxyhydrogen burner.]
Set the slit-width control of a suitable flame photometer equipped with a red-sensitive detector
at 0.1 mm, unless otherwise directed, and set the selector switch at 0.1. Adjust the instrument
to give the maximum emission with the Control Solution at the 766.5-nm potassium line, and
record the transmittance. Without changing any of the instrument settings, record the
transmittance for the emission of the Sample Solution at 766.5 nm. Change the monochromator
to 750 nm, and record the background transmittance for the background emission of the
Sample Solution: the difference between the transmittances for the Sample Solution at 766.5
nm and 750 nm is not greater than the difference between transmittances observed at 766.5
nm for the Sample Solution and the Control Solution.
SODIUM IN REAGENTS—
Standard Sodium Solution—Dissolve 254 mg of sodium chloride in a few mL of water, and
dilute with water to 1 L. Dilute a portion of this solution with water in the ratio of 1 to 10 to
obtain a concentration of 0.01 mg of sodium (Na) per mL.
Procedure—Use the Sample Solution and the Control Solution prepared as directed in the
individual test procedure.
Set the slit-width control of a suitable flame photometer at 0.01 mm, and set the selector
switch at 0.1. Adjust the instrument to give the maximum emission with the Control Solution at
the 589-nm sodium line, and record the transmittance. Without changing any of the instrument
settings, record the transmittance for the emission of the Sample Solution at 589 nm. Change
the monochromator to 580 nm, and record the background transmittance for the background
emission of the Sample Solution: the difference between the transmittances for the Sample
Solution at 589 and 580 nm is not greater than the difference between transmittances
observed at 589 nm for the Sample Solution and the Control Solution.
STRONTIUM IN REAGENTS—
Standard Strontium Solution—Dissolve 242 mg of strontium nitrate in a few mL of water, and
dilute with water to 1 L. Dilute a portion of this solution with water in the ratio of 1 to 10 to
obtain a concentration of 0.01 mg of strontium (Sr) per mL.
Procedure—Use the Sample Solution and the Control Solution prepared as directed in the
individual test procedure.
Set the slit-width control of a suitable flame photometer at 0.03 mm, and set the selector
switch at 0.1. Adjust the instrument to give the maximum emission with the Control Solution at
the 460.7-nm strontium line, and record the transmittance. Without changing any of the
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instrument settings, record the transmittance for the emission of the Sample Solution at 460.7
nm. Change the monochromator to the wavelength specified in the individual test procedure,
and record the background transmittance for the background emission of the Sample Solution:
the difference between the transmittances for the Sample Solution at 460.7 nm and at the
background wavelength is not greater than the difference between transmittances observed at
460.7 nm for the Sample Solution and the Control Solution.
6.6 Heavy Metals in Reagents
STANDARD LEAD SOLUTION—Use Standard Lead Solution (see Heavy Metals
of this solution contains the equivalent of 0.01 mg of Pb.

231 ). Each mL

PROCEDURE—Unless otherwise directed, test for heavy metals as follows:
(a) If the heavy metals limit is 0.0005% (5 ppm), dissolve 6.0 g of the specimen in water to
make 42 mL.
(b) If the heavy metals limit is 0.001% (10 ppm) or more, or in the event of limited solubility,
use 4 g, and dissolve in water to make 40 mL, warming, if necessary, to aid solution.
For the control, transfer 7 mL of the solution from (a) to a color-comparison tube, and add a
volume of Standard Lead Solution equivalent to the amount of lead permitted in 4 g of the
reagent. Dilute with water to 35 mL, and add diluted acetic acid, or ammonia TS, until the pH is
about 3.5, determined potentiometrically, then dilute with water to 40 mL, and mix. Transfer
the remaining 35 mL of the solution from (a) to a color-comparison tube closely matching that
used for the control, and add diluted acetic acid, or ammonia TS, until the pH is about 3.5,
determined potentiometrically, then dilute with water to 40 mL, and mix. Then to each tube add
10 mL of hydrogen sulfide TS, mix, and compare the colors by viewing through the colorcomparison tube downward against a white surface. The color in the test specimen is not
darker than that of the control.
If the solution of the reagent is prepared as in (b), use for the control 10 mL of the solution,
and add to it a volume of Standard Lead Solution equivalent to the amount of lead permitted in
2 g of the reagent. Dilute the remaining 30 mL of solution (b) with water to 35 mL, and proceed
as directed in the preceding paragraph, beginning with “add diluted acetic acid, or ammonia
TS,” in the second sentence.
If the reagent to be tested for heavy metals is a salt of an aliphatic organic acid, substitute 1
N hydrochloric acid for the diluted acetic acid specified in the foregoing method.
6.7 Insoluble Matter in Reagents
Dissolve the quantity of reagent specified in the test in 100 mL of water, heat to boiling unless
otherwise directed, in a covered beaker, and warm on a steam bath for 1 h. Filter the hot
solution through a tared sintered-glass crucible of fine porosity. Wash the beaker and the filter
thoroughly with hot water, dry at 105 , cool in a desiccator, and weigh.
6.8 Loss on Drying for Reagents
Determine as directed in Loss on Drying

731 .

6.9 Nitrate in Reagents
STANDARD NITRATE SOLUTION—Dissolve 163 mg of potassium nitrate in water, add water to
make 100 mL, and dilute 10 mL of this solution with water to 1 L, to obtain a solution
containing the equivalent of 0.01 mg of NO3 per mL.
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BRUCINE SULFATE SOLUTION—Dissolve 600 mg of brucine sulfate in 600 mL of nitrate-free,
dilute sulfuric acid (2 in 3) that previously has been cooled to room temperature, and dilute
with the acid to 1 L. [Note—Prepare the nitrate-free sulfuric acid by adding 4 parts of sulfuric
acid to 1 part of water, heating the solution to dense fumes of sulfur trioxide, and cooling.
Repeat the dilution and heating three or four times.]
SAMPLE SOLUTION—To the weight of sample specified in the individual reagent specification,
dissolved in the designated volume of water, add Brucine Sulfate Solution to make 50 mL.
CONTROL SOLUTION—To a volume of Standard Nitrate Solution equivalent to the weight of
nitrate (NO3 ) specified in the individual reagent specification, add the weight of sample
specified in the individual reagent specification and then add Brucine Sulfate Solution to make
50 mL.
BLANK SOLUTION—Use 50 mL of Brucine Sulfate Solution.
PROCEDURE—Heat the Sample Solution, Control Solution, and Blank Solution in a boiling water
bath for 10 min, then cool rapidly in an ice bath to room temperature. Adjust a suitable
spectrophotometer to zero absorbance at 410 nm with the Blank Solution. Determine the
absorbance of the Sample Solution, note the result, and adjust the instrument to zero
absorbance with the Sample Solution. Determine the absorbance of the Control Solution: the
absorbance reading for the Sample Solution does not exceed that for the Control Solution.
6.10 Nitrogen Compounds in Reagents
PROCEDURE—Unless otherwise directed, test for nitrogen compounds as follows: Dissolve the
specified quantity of test specimen in 60 mL of ammonia-free water in a Kjeldahl flask
connected through a spray trap to a condenser, the end of which dips below the surface of 10
mL of 0.1 N hydrochloric acid. Add 10 mL of freshly boiled sodium hydroxide solution (1 in 10)
and 500 mg of aluminum wire, in small pieces, to the Kjeldahl flask, and allow to stand for 1 h,
protected from loss of, and exposure to, ammonia. Distill 35 mL, and dilute the distillate with
water to 50 mL. Add 2 mL of freshly boiled sodium hydroxide solution (1 in 10), mix, add 2 mL of
alkaline mercuric-potassium iodide TS, and again mix: the color produced is not darker than
that of a control containing the amount of added N (as ammonium chloride) specified in the
individual test procedure.
6.11 Phosphate in Reagents
STANDARD PHOSPHATE SOLUTION—Dissolve 143.3 mg of dried monobasic potassium
phosphate, KH2 PO4 , in water to make 1000.0 mL. This solution contains the equivalent of 0.10
mg of phosphate (PO4 ) in each mL.
PHOSPHATE REAGENT A—Dissolve 5 g of ammonium molybdate in 1 N sulfuric acid to make 100
mL.
PHOSPHATE REAGENT B—Dissolve 200 mg of p-methylaminophenol sulfate in 100 mL of water,
and add 20 g of sodium bisulfite. Store this reagent in well-filled, tightly stoppered bottles, and
use within one month.
PROCEDURE—[Note—The tests with the specimen and the control are made preferably in
matched color-comparison tubes.] Dissolve the quantity of the reagent specified in the test, or
the residue obtained after the prescribed treatment, in 20 mL of water, by warming, if
necessary, add 2.5 mL of dilute sulfuric acid (1 in 7), and dilute with water to 25 mL. (If

PF 38(4): Jul.-Aug. 2012

113

preferable, the test specimen or the residue may be dissolved in 25 mL of approximately 0.5 N
sulfuric acid.) Then add 1 mL each of Phosphate Reagents A and B, mix, and allow to stand at
room temperature for 2 h. Compare any blue color produced with that produced in a control
made with the same quantities of the same reagents as in the test with the specimen, and a
volume of Standard Phosphate Solution equivalent to the quantity of phosphate (PO4 )
designated in the reagent specifications.
6.12 Residue on Ignition in Reagents
PROCEDURE—Unless otherwise directed, determine the residue on ignition as follows:
Accurately weigh 1–2 g of the substance to be tested in a suitable crucible that previously has
been ignited, cooled, and weighed. Ignite the substance, gently and slowly at first and then at
a more rapid rate, until it is thoroughly charred, if organic in nature, or until it is completely
volatilized, if inorganic in nature. If the use of sulfuric acid is specified, cool the crucible, add
the specified amount of acid, and ignite the crucible gently until fumes no longer are evolved.
Then ignite the crucible at 800 ± 25 , cool in a suitable desiccator, and weigh. If the use of
sulfuric acid is not specified, the crucible need not be cooled but can be ignited directly at 800
± 25 once the charring or volatilization is complete. Continue the ignition until constant weight
is attained, unless otherwise specified.
Conduct the ignition in a well-ventilated hood, but protected from air currents, and at as low a
temperature as is possible to effect the complete combustion of the carbon. A muffle furnace
may be used, if desired, and its use is recommended for the final ignition at 800 ± 25 .
6.13 Sulfate in Reagents
STANDARD SULFATE SOLUTION—Dissolve 181.4 mg of potassium sulfate (dried at 105 for 2
h) in water to make 1000 mL. This solution contains the equivalent of 0.10 mg of sulfate (SO4 )
per mL.
PROCEDURE—
Method I—Neutralize, if necessary, a solution of the quantity of the reagent or residue
indicated in the test in 25 mL of water, or a solution prepared as directed in the test, with
hydrochloric acid or with ammonia TS, litmus paper being used as the indicator, and add 1 mL
of 1 N hydrochloric acid. Filter the solution, if necessary, through a filter paper previously
washed with water, and add 2 mL of barium chloride TS. Mix, allow to stand for 10 min, and
compare the turbidity, if any, with that produced in a control containing the same quantities of
the same reagents used in the test and a quantity of Standard Sulfate Solution equivalent to
the quantity of sulfate (SO4 ) permitted in the test. Adjust the two solutions with water to the
same volume before adding the barium chloride TS.
Method II—Heat the solution to boiling, prepared as directed in the individual test procedure,
or the filtrate designated in the procedure, and add 5 mL of barium chloride TS. Then digest the
solution on a steam bath for 2 h, and allow to stand overnight. If any precipitate is formed,
filter the solution through paper, wash the residue with hot water, and transfer the paper
containing the residue to a tared crucible. Char the paper, without burning, and ignite the
crucible and its contents to constant weight. Perform a blank determination concurrently with
the test specimen determination, and subtract the weight of residue obtained from that
obtained in the test specimen determination to obtain the weight of residue attributable to the
sulfate content of the specimen.
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BRIEFING
Gadolinium Sulfate. It is proposed to add this new reagent used in the test for Limit of
Pentetic Acid in the monograph for Gadopentetate Dimeglumine Injection.
(HDQ: M. Marques.)

Correspondence Number—C103799

Comment deadline: September 30, 2012
Add the following:
Gadolinium Sulfate, Gd2 (SO4 )3 ·8H2 O—746.83 [13628-54-1]—Use a suitable grade with a
content of NLT 99.9%. [Note—A suitable grade is available as catalog number 41111 from
www.gfschemicals.com.] 2S (USP36)
BRIEFING
Nitric Acid, Diluted, page 5288 of the First Supplement to USP 35. It is proposed to update
the entry for this reagent.
(HDQ: M. Marques.)

Correspondence Number—C116536

Comment deadline: September 30, 2012
Change to read:
Nitric Acid, Diluted (10 percent HNO3 )
HNO3 2S (USP36)
[7697-37-2]—Dilute
143 mL USP35
of nitric acid with water to 1000 mL.
BRIEFING
Octanesulfonic Acid Sodium Salt, page 5289 of the First Supplement to USP 35. It is
proposed to update the chemical information for this reagent.
(HDQ: M. Marques.)

Correspondence Number—C116548

Comment deadline: September 30, 2012
Change to read:
Octanesulfonic Acid Sodium Salt (Sodium 1-octanesulfonate), C8 H17 NaO3 S,
C8 H17 NaO3 S·H2 O 2S (USP36)
—
216.27, USP35
anhydrous; 234.27, hydrate 2S (USP36)
[5324-84-5,
anhydrous; 207596-29-0, hydrate 2S (USP36)
]—Use a suitable grade with a content of NLT 99.0%.
BRIEFING
Sodium Hypochlorite Solution, page 5304 of the First Supplement to USP 35. It is
proposed to correct the molecular formula and the equivalent of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C116525
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Comment deadline: September 30, 2012
Change to read:
Sodium Hypochlorite Solution [7681-52-9]—A solution of sodium hypochlorite (NaOCl
NaClO) 2S (USP36)
in water. Usually yellow to yellowish-green in color. Has an odor of chlorine. Is affected by light
and gradually deteriorates. Store it in light-resistant containers, preferably below 25 .
[Caution—This solution is corrosive and may evolve gases that are corrosive and toxic. It is a
powerful oxidant that can react violently with reducing agents. Is irritating and corrosive to
skin and mucous membranes.]
Assay—Transfer about 3 mL to a tared, glass-stoppered iodine flask, and weigh accurately. Add
50 mL of water, 2 g of potassium iodide, and 10 mL of acetic acid. Insert the stopper in the
flask, and allow to stand in the dark for 10 min. Remove the stopper, rinse the walls of the flask
with a few mL of water, and titrate the liberated iodine with 0.1 N sodium thiosulfate VS,
adding 3 mL of starch TS as the endpoint is neared. Each mL of 0.1 N sodium thiosulfate
consumed is equivalent to 3.723
3.722 2S (USP36)
mg of NaOCl
NaClO: 2S (USP36)
NLT 5.25% is found. If it is desired to calculate the percentage of available chlorine, note that
each mL of 0.1 N sodium thiosulfate consumed is equivalent to 3.545 mg of available chlorine.
Calcium—Transfer 10.0 g to a 150-mL beaker, dissolve in 10 mL of water, and add 5 mL of
hydrochloric acid and 2 g of potassium iodide. Heat the mixture for 5 min, cool, and add 2 mL of
30 percent hydrogen peroxide. Evaporate to dryness, cool, and add 2 mL of hydrochloric acid
and 2 mL of 30 percent hydrogen peroxide. Rinse the inner walls of the beaker with a few mL of
water, and evaporate to dryness. Take up the residue in 20 mL of water, and filter if
necessary. To the filtrate add ammonium hydroxide until the solution is just alkaline, then add 4
drops of ammonium hydroxide and 5 mL of ammonium oxalate TS: any turbidity produced within
15 min does not exceed that in a blank containing 0.1 mg of added Ca carried through the
entire procedure (0.001%).
Phosphate (Reagent test)—Transfer 2 g to a beaker, and add 5 mL of hydrochloric acid and 2 g
of potassium iodide. Heat the solution for 5 min, and cool. Add 2 mL of 30 percent hydrogen
peroxide, and evaporate the solution to dryness. Rinse the walls of the beaker with a few mL of
water, and add 2 mL of hydrochloric acid and 2 mL of 30 percent hydrogen peroxide. Evaporate
again to dryness: the residue shows NMT 0.01 mg of PO4 (5 ppm).
BRIEFING
Indicators, page 5317 of the First Supplement to USP 35. It is proposed to modernize the
text of the introduction section and add more information about useful indicators.
(HDQ: M. Marques.)
Correspondence Number—C116627
Change to read:
Indicators are required in the Pharmacopeial tests and assays either to indicate the completion
of a chemical reaction in volumetric analysis or to indicate the hydrogen-ion concentration (pH)
of solutions. The necessary solutions of indicators are listed among the Test Solutions,
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abbreviated “TS.”
Solutions of indicators of the basic type and of the phthaleins are prepared by dissolving in
alcohol. With indicators containing an acidic group, the acid must first be neutralized with
sodium hydroxide as follows:
Triturate 100 mg of the indicator in a smooth-surfaced mortar with the volume of 0.05 N sodium
hydroxide specified in the directions for preparing its Test Solution, or with the equivalent of
0.02 N sodium hydroxide. When the indicator has dissolved, dilute the solution with carbon
dioxide-free water to 200 mL (0.05%). Store the solutions in suitably resistant containers,
protected from light.
Listed in ascending order of the lower limit of their range, useful pH indicators are: thymol blue,
pH 1.2–2.8; methyl yellow, pH 2.9–4.0; bromophenol blue, pH 3.0–4.6; bromocresol green, pH
4.0–5.4; methyl red, pH 4.2–6.2; bromocresol purple, pH 5.2–6.8; bromothymol blue, pH 6.0–
7.6; phenol red, pH 6.8–8.2; thymol blue, pH 8.0–9.2; and thymolphthalein, pH 8.6–10.0.
1. SCOPE
Indicators are required in Pharmacopeial tests and assays to determine the specified endpoint
in a chemical reaction, to measure hydrogen-ion concentration (pH), or to indicate that a
desired change in pH has been effected. The necessary solutions of indicators are listed among
the Test Solutions, abbreviated TS.
2. PREPARATION OF SOME INDICATORS
Solution of indicators of the basic type and of the phthaleins are prepared by dissolving in
alcohol.
With indicators containing an acidic group, the acid must first be neutralized with sodium
hydroxide (NaOH) as follows: triturate 100 mg of the indicator in a smooth-surfaced mortar with
the volume of 0.05 N sodium hydroxide specified in the directions for preparing its Test Solution,
or with the equivalent of 0.02 N sodium hydroxide. After solubilization of the indicator, dilute
the solution with carbon dioxide-free water to 200 mL (final concentration 0.05%). Store the
solution in suitably resistant containers, protected from light.
3. pH RANGE AND COLOR CHANGE FOR SOME USEFUL INDICATORS
Indicator
Malachite green oxalate
Thymol blue
Quinaldine red
Methyl yellow
Bromophenol blue
Methyl orange
Bromocresol green
Methyl red
Bromocresol purple sodium salt
Bromocresol purple
Bromothymol blue
Phenol red
Neutral red

pH Range
0.0–2.0
1.2–2.8
1.4–3.2
2.9–4.0
3.0–4.6
3.2–4.4
4.0–5.4
4.2–6.2
5.0–6.8
5.2–6.8
6.0–7.6
6.8–8.2
6.8–8.0

Color Change
yellow–green
red–yellow
colorless–red
red–yellow
yellow–blue
pink–yellow
yellow–blue
red–yellow
greenish yellow–purple-violet
yellow–purple
yellow–blue
yellow–red
red–orange
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Thymol blue
Thymolphthalein
Phenolphthalein
p-Naphtholbenzein
Nile blue hydrochloride
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7.2–8.8
8.0–9.2
8.6–10.0
8.0–10.0
8.8–10.0
9.0–13.0

yellow–red
yellow–blue
colorless–blue
colorless–red
orange–green
blue–pink

2S (USP36)

BRIEFING
Indicator and Test Papers, page 5318 of the First Supplement to USP 35. It is proposed to
modernize the text of this section.
(HDQ: M. Marques.)
Correspondence Number—C116630
Change to read:
Indicator and test papers are strips of paper of suitable dimension and grade (see Filter Paper,
Quantitative, in the section Reagents) impregnated with an indicator or a reagent that is
sufficiently stable to provide a convenient form of the impregnated substance. Some test
papers may be obtained from commercial sources of laboratory supplies. Those required in
Pharmacopeial tests and assays may be prepared as directed in the following paragraphs, by
means of the solutions specified, or to meet the tests set forth herein under the individual
titles.
Treat strong, white filter paper with hydrochloric acid, and wash with water until the last
washing no longer shows an acid reaction to methyl red. Then treat with ammonia TS, and
wash again with water until the last washing is not alkaline to phenolphthalein.
After thorough drying, saturate the paper with the proper strength of indicator solutions, and
carefully dry in still air, unless otherwise specified, by suspending it from rods of glass or other
inert material in a space free from acid, alkali, and other fumes.
Cut the paper into strips of convenient size, and store the papers in well-closed containers,
protected from light and moisture.
1. DEFINITION
Indicator and test papers are strips of paper of suitable dimension and grade (see Filter Paper,
Quantitative in the section Reagent Specifications) impregnated with an indicator or a reagent
that is sufficiently stable to provide a convenient form of the impregnated substance.
Some test papers, or equivalent, may be obtained from commercial sources of laboratory
supplies. Alternatively, they may be prepared in the laboratory.
2. PREPARATION OF INDICATOR AND TEST PAPERS
Treat strong, white filter paper with hydrochloric acid, and wash with water until the last
washing no longer shows an acid reaction to methyl red. Then treat with ammonia TS, and
wash again with water until the last washing is not alkaline to phenolphthalein.
After throrough drying, saturate the paper with the proper strength or concentration of
indicator solution, and carefully dry in still air, unless otherwise specified, by suspending it from
rods of glass or other inert material in a space free from acid, alkali, and other fumes.
Cut the paper into strips of convenient size, and store the papers in well-closed containers,
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BRIEFING
Buffer Solutions, page 5319 of the First Supplement to USP 35 and PF 37(4) [July–Aug.
2011]. It is proposed to modernize the text of this section.
(HDQ: M. Marques.)
Correspondence Number—C116644
Change to read:
The successful completion of many Pharmacopeial tests and assays requires adjustment to or
maintenance of a specified pH by the addition of buffer solutions. In pH measurements,
standard buffer solutions are required for reference purposes. For convenience, the preparation
of these solutions is in some instances described in the sections in which their use is specified;
i.e., five separate phosphate buffers are described under Antibiotics—Microbial Assays 81 ,
and several miscellaneous single-purpose solutions are described in the individual monographs.
A solution is said to be buffered if it resists changes in the activity of an ion on the addition of
substances that are expected to change the activity of that ion. Buffers are substances or
combinations of substances that impart this resistance to a solution. Buffered solutions are
systems in which the ion is in equilibrium with substances capable of removing or releasing the
ion.
Buffer capacity refers to the amount of material that may be added to a solution without
causing a significant change in ion activity. It is defined as the ratio of acid or base added (in
gram-equivalents per liter) to the change in pH (in pH units). The capacity of a buffered
solution is adjusted to the conditions of use, usually by adjustment of the concentrations of
buffer substances.
Buffers are used to establish and maintain an ion activity within narrow limits. The most
common systems are used (a) to establish hydrogen-ion activity for the calibration of pH
meters, (b) in the preparation of dosage forms that approach isotonicity, (c) in analytical
procedures, and (d) to maintain stability of various dosage forms. Buffers used in physiological
systems are carefully chosen so as not to interfere with pharmacological activity of the
medicament or normal function of the organism. It is essential that buffers used in chemical
analysis be compatible with the substance determined and the reagents used.
Standard Buffer Solutions—Standard solutions of definite pH are readily available in buffer
solutions prepared from the appropriate reagents. In addition, buffer solutions, buffer tablets,
and buffer solids may be obtained from commercial sources in convenient prepackaged form.
Such preparations are available for the entire working range in pharmaceutical analysis, but are
not recommended for pH meter standardization (see pH

791 ).

The required reagents are described in the section, Reagents. Previously dry the crystalline
reagents, except the boric acid
and sodium acetate trihydrate, 2S (USP35)
at 110 to 120 for 1 hour.
[Note—Where water is specified for solution or dilution of test substances in pH determinations,
use carbon dioxide-free water.]
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Store the prepared solutions in chemically resistant, tight containers such as Type I glass
bottles. Use the solutions within 3 months.
Standard Buffer Solutions for various ranges between pH 1.2 and 10.0 may be prepared by
appropriate combinations of the solutions described herein, used in the proportions shown in
the accompanying table. The volumes shown in the table are for 200 mL of buffer solution,
except that the volumes shown for Acetate Buffer are used to prepare 1000 mL of buffer
solution.
1. Hydrochloric Acid, 0.2 M, and Sodium Hydroxide, 0.2 M—Prepare and standardize as
directed under Volumetric Solutions.
2. Potassium Biphthalate, 0.2 M—Dissolve 40.85 g of potassium biphthalate
[KHC6 H4 (COO)2 ] in water, and dilute with water to 1000 mL.
3. Potassium Phosphate, Monobasic 0.2 M—Dissolve 27.22 g of monobasic potassium
phosphate (KH2 PO4 ) in water, and dilute with water to 1000 mL.
4. Boric Acid and Potassium Chloride, 0.2 M—Dissolve 12.37 g of boric acid (H3 BO3 ) and
14.91 g of potassium chloride (KCl) in water, and dilute with water to 1000 mL.
5. Potassium Chloride, 0.2 M—Dissolve 14.91 g of potassium chloride (KCl) in water, and
dilute with water to 1000 mL.
6. Acetic Acid, 2 N—Prepare and standardize as directed under Volumetric Solutions.
1. DEFINITION
A solution is said to be buffered if it resists changes in the activity of an ion on the addition of
substances that are expected to change the activity of that ion. Buffers are substances or
combinations of substances that impart this resistance to a solution. Buffered solutions are
systems in which the ion is in equilibrium with substances capable of removing or releasing the
ion.
2. BUFFER CAPACITY
It refers to the amount of material that may be added to a solution without causing a
significant change in ion activity. It is defined as the ratio of acid or base added (in gramequivalents/L) to the change in pH units. The capacity of a buffered solution is adjusted to the
conditions of use, usually by adjustment of the concentrations of buffer substances.
3. USES
Buffers are used to establish and maintain an ion activity within narrow limits. The most
common systems are used for the following:
a. to establish hydrogen-ion activity for the calibration of pH meters
b. in the preparation of dosage forms that approach isotonicity
c. in analytical procedures
d. to maintain stability of various dosage forms
Buffers used in physiological systems are carefully chosen so as not to interfere with
pharmacological activity of the medicament or normal function of the organism.
It is essential that buffers used in chemical analysis be compatible with the substance
determined and the reagents used.
4. STANDARD BUFFER SOLUTIONS
Standard solutions of definite pH are readily available in buffer solutions prepared from the
appropriate reagents.
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Buffer solutions, buffer tablets, and buffer solids may be obtained from commercial sources in
convenient prepackaged form.
4.1 Preparation
Previously dry the crystalline reagents at 110 –120 for 1 h, except for boric acid and sodium
acetate trihydrate.
Where water is specified for solution or dilution of test substances in pH determinations, use
carbon dioxide-free water.
Store the prepared solutions in chemically resistant, tight containers such as Type 1 glass
bottles. Use the solutions within 3 months.
Standard buffer solutions for various ranges between pH 1.2 and 10.0 may be prepared by
appropriate combinations of the solutions described herein, used in the proportions shown in
the table below.
The volumes shown in the table below are for 200 mL of buffer solution, except for Acetate
Buffer where the volumes are for 1000 mL of buffer solution.
1. Hydrochloric Acid, 0.2 M and Sodium Hydroxide, 0.2 M: Prepare and standardize as
directed in Volumetric Solutions.
2. Potassium Biphthalate, 0.2 M: 40.85 g/L of potassium biphthalate in water.
3. Potassium Phosphate, Monobasic 0.2 M: 27.22 g/L of monobasic potassium phosphate in
water.
4. Boric Acid and Potasssium Chloride, 0.2 M: 12.73 g/L of boric acid and 14.91 g/L of
potassium chloride in water.
5. Potassium Chloride, 0.2 M: 14.91 g/L of potassium chloride in water.
6. Acetic Acid, 2 N: Prepare and standardize as directed in Volumetric Solutions.
2S (USP36)

Composition of Standard Buffer Solutions
Hydrochloric Acid Buffer
Place 50 mL of the potassium chloride solution in a 200-mL volumetric flask, add the specified
volume of the hydrochloric acid solution, then add water to volume.
pH
1.2
1.3
1.4
1.5
1.6
1.7
1.8
1.9
2.0
2.1 2.2
0.2 M HCl, mL
85.0 67.2 53.2 41.4 32.4 26.0 20.4 16.2 13.0 10.2 7.8
Acid Phthalate Buffer
Place 50 mL of the potassium biphthalate solution in a 200-mL volumetric flask, add the
specified volume of the hydrochloric acid solution, then add water to volume.
pH
2.2
2.4
2.6
2.8
3.0
3.2
3.4
3.6 3.8 4.0
0.2 M HCl, mL
49.5 42.2 35.4 28.9 22.3 15.7 10.4 6.3 2.9 0.1
Neutralized Phthalate Buffer
Place 50 mL of the potassium biphthalate solution in a 200-mL volumetric flask, add the
specified volume of the sodium hydroxide solution, then add water to volume.
pH
4.2 4.4 4.6
4.8
5.0
5.2
5.4
5.6
5.8
0.2 M NaOH, mL
3.0 6.6 11.1
16.5
22.6
28.8
34.1
38.8
42.3
Phosphate Buffer
Place 50 mL of the monobasic potassium phosphate solution in a 200-mL volumetric flask, add
the specified volume of the sodium hydroxide solution, then add water to volume.
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5.8 6.0 6.2 6.4 6.6 6.8 7.0 7.2 7.4 7.6 7.8 8.0
3.6 5.6 8.1 11.6 16.4 22.4 29.1 34.7 39.1 42.4 44.5 46.1

Alkaline Borate Buffer
Place 50 mL of the boric acid and potassium chloride solution in a 200-mL volumetric flask, add
the specified volume of the sodium hydroxide solution, then add water to volume.
pH
8.0 8.2 8.4 8.6
8.8
9.0
9.2
9.4
9.6
9.8
10.0
0.2 M NaOH, mL
3.9 6.0 8.6 11.8 15.8 20.8 26.4 32.1 36.9 40.6 43.7
Acetate Buffer
Place the specified amount of sodium acetate NaC2 H3 O2 ·3H2 O in a 1000-mL volumetric flask,
add the specified volume of the acetic acid solution, then add water to volume, and mix.
pH
4.1 4.3 4.5 4.7 4.9 5.1
5.2
5.3
5.4
5.5
pH (measured)
4.10 4.29 4.51 4.70 4.90 5.11 5.18 5.30 5.40 5.48
NaC2 H3 O2 · 3H2 O, g
1.5 1.99 2.99 3.59 4.34 5.08 5.23 5.61 5.76 5.98
2 N CH3 COOH, mL
19.5 17.7 14.0 11.8 9.1 6.3
5.8
4.4
3.8
3.0
BRIEFING
Colorimetric Solutions (CS), page 5320 of the First Supplement to USP 35. It is proposed
to modernize the text of this section.
(HDQ: M. Marques.)
Correspondence Number—C116641
Change to read:
(For the Preparation of Matching Fluids, see Color and Achromicity

631 .)

These solutions are used in the preparation of the colorimetric standards for certain drugs, and
for the carbonization tests with sulfuric acid that are specified in several monographs. Store
the solutions in suitably resistant, tight containers.
Comparison of colors as directed in the Pharmacopeial tests preferably is made in matched
color-comparison tubes or in a suitable colorimeter under conditions that ensure that the
colorimetric reference solution and that of the specimen under test are treated alike in all
respects. The comparison of colors is best made in layers of equal depth, and viewed
transversely against a white background (see also Visual Comparison under Spectrophotometry
and Light-Scattering

851 ). It is particularly important that the solutions be compared at the

same temperature, preferably 25 .
1. DEFINITION
Colorimetric solutions are used in the preparation of the colorimetric standards for certain drugs
and for the carbonization tests with sulfuric acid that are specified in some monographs.
For the preparation of matching fluids, see Color and Achromicity

631 .

2. STORAGE
Store colorimetric solutions in suitably resistant, tight containers.
3. COMPARISON OF COLORS
Comparison of colors as directed in the Pharmacopeial tests preferably is made in matched
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color-comparison tubes or in a suitable colorimeter under conditions that ensure that the
colorimetric reference solution and that of the specimen under test are treated alike in all
respects. The comparison of colors is best made in layers of equal depth, and viewed
transversely against a white background (see also Spectrophotometry and Light-Scattering
851 , Visual Comparison).
It is particularly important that the solutions be compared at the same temperature, preferably
25 .

2S (USP36)

BRIEFING
Test Solutions (TS), page 5321 of the First Supplement to USP 35. It is proposed to
modernize the text of this section.
(HDQ: M. Marques.)
Correspondence Number—C116643
Change to read:
Certain of the following test solutions are intended for use as acid-base indicators in volumetric
analyses. Such solutions should be so adjusted that when 0.15 mL of the indicator solution is
added to 25 mL of carbon dioxide-free water, 0.25 mL of 0.02 N acid or alkali, respectively, will
produce the characteristic color change. Similar solutions are intended for use in pH
measurement. Where no special directions for their preparation are given, the same solution is
suitable for both purposes.
Where it is directed that a volumetric solution be used as the test solution, standardization of
the solution used as TS is not required.
In general, the directive to prepare a solution “fresh” indicates that the solution is of limited
stability and must be prepared on the day of use.
For the preparation of Test Solutions, use reagents of the quality described under Reagents.
1. USE AS INDICATORS
Certain test solutions are intended for use as acid-base indicators in volumetric analyses. Such
solutions should be so adjusted that when 0.15 mL of the indicator solution is added to 25 mL
of carbon dioxide-free water, 0.25 mL of 0.02 N acid or alkali will produce the characteristic
color change. Similar solutions are intended for use in pH measurement. Where no special
directions for their preparation are given, the same solution is suitable for both purposes.
2. VOLUMETRIC SOLUTIONS USED AS TEST SOLUTIONS
Where it is directed that a volumetric solution be used as the test solution in a qualitative
procedure, standardization of the solution used as the test solution is not required.
3. SOLUTIONS PREPARED FRESH
In general, the directive to prepare a solution “fresh” indicates that the solution is of limited
stability and must be prepared on the day of use. 2S (USP36)
BRIEFING
Volumetric Solutions, page 5328 of the First Supplement to USP 35. It is proposed to
modernize the text of this setion.
(HDQ: M. Marques.)
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Correspondence Number—C116654
Change to read:
Normal Solutions—Normal solutions are solutions that contain 1 gram equivalent weight of the
active substance in each 1000 mL of solution; that is, an amount equivalent to 1.0079 g of
hydrogen or 7.9997 g of oxygen. Normal solutions and solutions bearing a specific relationship
to normal solutions, and used in volumetric determinations, are designated as follows: normal, 1
N; double-normal, 2 N; half-normal, 0.5 N; tenth-normal, 0.1 N; fiftieth-normal, 0.02 N;
hundredth-normal, 0.01 N; thousandth-normal, 0.001 N.
Molar Solutions—Molar solutions are solutions that contain, in 1000 mL, 1 gram-molecule of
the reagent. Thus, each liter of a molar solution of sulfuric acid contains 98.07 g of H2 SO4 and
each liter of a molar solution of potassium ferricyanide contains 329.25 g of K3 Fe(CN)6 .
Solutions containing, in 1000 mL, one-tenth of a gram-molecule of the reagent are designated
“tenth-molar,” 0.1 M; and other molarities are similarly indicated.
Empirical Solutions—It is frequently difficult to prepare standard solutions of a desired
theoretical normality, and this is not essential. A solution of approximately the desired normality
is prepared and standardized by titration against a primary standard solution. The normality
factor so obtained is used in all calculations where such empirical solutions are employed. If
desired, an empirically prepared solution may be adjusted downward to a given normality
provided it is strong enough to permit dilution.
All volumetric solutions, whether made by direct solution or by dilution of a stronger solution,
must be thoroughly mixed by shaking before standardization. As the strength of a standard
solution may change upon standing, the factor should be redetermined frequently.
When solutions of a reagent are used in several normalities, the details of the preparation and
standardization are usually given for the normality most frequently required. Stronger or weaker
solutions are prepared and standardized in the same general manner as described, using
proportionate amounts of the reagent. It is possible in many instances to prepare lower
normalities accurately by making an exact dilution of a stronger solution. Volumetric solutions
prepared by dilution should be restandardized either as directed for the stronger solution or by
comparison with another volumetric solution having a known ratio to the stronger solution.
Dilute solutions that are not stable, as, for instance, potassium permanganate 0.01 N and more
dilute sodium thiosulfate, are preferably prepared by exactly diluting the higher normality with
thoroughly boiled and cooled water on the same day they are required for use.
Blank Determinations—Where it is directed that “any necessary correction” be made by a
blank determination, the determination is to be conducted with the use of the same quantities
of the same reagents treated in the same manner as the solution or mixture containing the
portion of the substance under assay or test, but with the substance itself omitted.
Appropriate blank corrections are to be made for all Pharmacopeial titrimetric assays (see
Titrimetry

541 ).

All Pharmacopeial assays that are volumetric in nature indicate the weight of the substance
being assayed to which each mL of the primary volumetric solution is equivalent. In general,
these equivalents may be derived by simple calculation from the data given under Molecular
Formulas and Weights, in the Reference Tables.
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Preparation and Methods of Standardization of Volumetric Solutions
The following directions give only one method for standardization, but other methods of
standardization, capable of yielding at least the same degree of accuracy, may be used. The
values obtained in the standardization of volumetric solutions are valid for all Pharmacopeial
uses of these solutions, regardless of the instrumental or chemical indicators employed in the
individual monographs. Where the apparent normality or molarity of a titrant depends upon the
special conditions of its use, the individual monograph sets forth the directions for standardizing
the reagent in the specified context. For those salts that usually are available as certified
primary standards, or that are available as highly purified salts of primary standard quality, it is
permissible to prepare solutions by accurately weighing a suitable quantity of the salt and
dissolving it to produce a specific volume of solution of known concentration. Acetic,
hydrochloric, and sulfuric acids may be standardized against a sodium hydroxide solution that
recently has been standardized against a certified primary standard.
All volumetric solutions, if practicable, are to be prepared, standardized, and used at the
standard temperature of 25 . If a titration is carried out with the volumetric solution at a
markedly different temperature, standardize the volumetric solution used as the titrant at that
different temperature, or make a suitable temperature correction.
1. DEFINITIONS
1.1 Normal Solutions: Normal solutions are solutions that contain 1 gram equivalent weight
of the compound in 1 L of solution.
N = equivalent/L
N = weight (g)/equivalent weight (g) × L
Normal solutions and solutions bearing a specific relationship to normal solutions, and used in
volumetric determinations, are designated as follows:
1 N = normal
2 N = double normal
0.5 N = half-normal
0.1 N = tenth-normal
0.02 N = fiftieth normal
0.01 N = hundredth-normal
0.001 N = thousandth-normal
1.2 Molar Solutions: Molar solutions are solutions that contain 1 gram-molecule of the
compound in 1 L of solution.
M = mol/L
M = weight (g)/mol weight × L
Solutions containing one-tenth of a gram-molecule of the compound in 1 L are designated
tenth-molar, 0.1 M; and other molarities are similarly indicated.
1.3 Correction Factor: It is frequently difficult to prepare standard solutions of a desired
theoretical normality or molarity, and this is not essential. A solution of approximately the
desired normality or molarity is prepared and standardized by titration against a standard. The
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correction factor so obtained is used in all calculations where such solutions are used. If
necessary, the concentration of the solution may be adjusted to a given normality or molarity,
by dilution or by addition of the appropriate reagent.
The concentration of the volumetric solution does not differ from the prescribed one by more
than 10%. The correction factor is determined by an appropriate number of replicates. The
repeatability does not exceed 0.2% (relative standard deviation). The correction factor should
be redetermined frequently.
1.4 Blank Determinations: Where it is directed that “any necessary correction” be made by
a blank determination, the determination is to be conducted with the use of the same
quantities of the same reagents treated in the same manner as the solution or mixture
containing the portion of the substance under assay or test, but with the substance itself
omitted.
2. PREPARATION AND STANDARDIZATION
2.1 Scope
When solutions of a reagent are used in different concentrations, the details of the preparation
and standardization are usually given for the concentration most frequently required. Stronger
or weaker solutions are prepared and standardized in the same general manner as described,
using proportionate amounts of the reagent.
2.2 Preparation by Dilution
It is possible in many instances to prepare lower concentrations accurately by making an exact
dilution of a stronger solution.
Volumetric solutions prepared by dilution should be restandardized as directed for the stronger
solution, using proportionate amounts of reagents.
Dilute solutions that are not stable, as, for instance, potassium permanganate 0.01 N, are
preferably prepared by exactly diluting the higher normality with thoroughly boiled and cooled
water on the same day they are required for use.
2.3 Standardization
The following directions give only one method for standardization, but other methods of
standardization, capable of yielding at least the same degree of accuracy, may be used.
The values obtained in the standardization of volumetric solutions are valid for all Pharmacopeial
uses of these solutions, regardless of the instrumental or chemical indicators used in the
individual monographs.
Where the apparent normality or molarity of a titrant depends upon the special conditions of its
use, the individual monograph sets forth the directions for standardizing the reagent in the
specified context.
For those salts that usually are available as certified primary standards or that are available as
highly purified salts of primary standard quality, it is permissible to prepare solutions by
accurately weighing a suitable quantity of the salt and dissolving it to produce a specific
volume of solution of known concentration. Acetic, hydrochloric, and sulfuric acids may be
standardized against a sodium hydroxide solution that recently has been standardized against a
certified primary standard.
2.4 Temperature
All volumetric solutions, if practicable, are to be prepared, standardized, and used at the
standard temperature of 25 .
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If a titration is carried out with the volumetric solution at a markedly different temperature,
standardize the volumetric solution used as the titrant at that different temperature, or make a
suitable temperature correction. 2S (USP36)
VOLUMETRIC SOLUTIONS
BRIEFING
Sodium Thiosulfate, Tenth-Normal (0.1 N), page 5336 of the First Supplement to USP 35.
It is proposed to update the instructions on how to dry the primary standard potassium
dichromate.
(HDQ: M. Marques.)
Correspondence Number—C116626

Comment deadline: September 30, 2012
Change to read:
Sodium Thiosulfate, Tenth-Normal (0.1 N)
Na2 S2 O3 ·5H2 O, 248.19
24.82 g in 1000 mL
Dissolve about 26 g of sodium thiosulfate and 200 mg of sodium carbonate in 1000 mL of
recently boiled and cooled water. Standardize the solution as follows.
Accurately weigh about 210 mg of primary standard potassium dichromate, previously
pulverized and dried
at 120 for 4 h, or dried 2S (USP36)
according to the instructions on its label, if necessary,
2S (USP36)

and dissolve in 100 mL of water in a glass-stoppered, 500-mL flask. Swirl to dissolve the solid,
remove the stopper, and quickly add 3 g of potassium iodide, 2 g of sodium bicarbonate, and 5
mL of hydrochloric acid. Insert the stopper gently in the flask, swirl to mix, and allow to stand
in the dark for exactly 10 min. Rinse the stopper and the inner walls of the flask with water,
and titrate the liberated iodine with the sodium thiosulfate solution until the solution is yellowish
green in color. Add 3 mL of starch TS, and continue the titration until the blue color is
discharged. Perform a blank determination.
Restandardize the solution as frequently as supported by laboratory stability data. In the
absence of such data, restandardize the solution weekly.

BRIEFING
L## (Methacholine Chloride, IonPac CS17). It is proposed to add this new column
designation used in the revisions made to the Assay and the test for Limit of Acetylcholine
Chloride in the monograph for Methacholine Chloride, published in PF 38(3) [May–June 2012].
(HDQ: M. Marques.)

Correspondence Number—C102660

Comment deadline: September 30, 2012
Add the following:
L## (Methacholine Chloride, IonPac CS17)—Weak cation-exchange resin consisting of
ethylvinylbenzene, 55% cross-linked with divinylbenzene copolymer, 6- to 9-µm diameter.
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Substrate is surface grafted with carboxylic acid functionalized groups. Capacity is not less
than 500 µEq/column (4 mm × 25 cm). 2S (USP36)
BRIEFING
L76. It is proposed to add this new column used in the test for Limit of N-Methylpyrrolidine
in the monographs for Cefepime Hydrochloride and Cefepime for Injection.
(HDQ: M. Marques.)

Correspondence Number—C73175

Comment deadline: September 30, 2012
Add the following:
L76—Silica-based, weak cation-exchange material, 5 µm in diameter. Substrate is surface
polymerized polybutadiene–maleic acid to provide carboxylic acid functionalities. Capacity not
less than 29 µEq/column.
[Note—Available as Metrosep C4-250 from Metrohm (www.metrohm.com).]
2S (USP36)

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 5341 of the First Supplement to
USP 35, page 576 of PF 36(2) [Mar.–Apr. 2010], page 1037 of PF 36(4) [July–Aug. 2010], page
1780 of PF 36(6) [Nov.–Dec. 2010], PF 37(3) [May–June 2011], PF 37(4) [July–Aug. 2011], PF
37(5) [Sept.–Oct. 2011], PF 37(6) [Nov.–Dec. 2011], PF 38(1) [Jan.–Feb. 2012], PF 38(2)
[Mar.–Apr. 2012], and PF 38(3) [May–June 2012].
(HDQ.)
Correspondence Number—C96498; C96645; C98107; C110863; C110869; C114330
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Container
Monograph Title
Specification
Add the following:
Albuterol Extended-Release Tablets

T, LR

2S (USP36)

Add the following:
Carbidopa and Levodopa Orally Disintegrating Tablets

W, LR

2S (USP36)

Add the following:
Cholecalciferol Capsules

T, LR

2S (USP36)
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Add the following:
Levetiracetam Extended-Release Tablets

W

2S (USP36)

Add the following:
Moexipril Hydrochloride and Hydrochlorothiazide Tablets W, LR

2S (USP36)

Add the following:
Moexipril Hydrochloride Tablets

2S (USP36)

T, W
BRIEFING

Description and Relative Solubility of USP and NF Articles, page 5350 of the First
Supplement to USP 35, page 1343 of PF 35(5) [Sept.–Oct. 2009], page 578 of PF 36(2) [Mar.–
Apr. 2010], PF 37(1) [Jan.–Feb. 2011], PF 37(3) [May–Jun. 2011], PF 37(4) [July–Aug. 2011],
PF 37(5) [Sept.–Oct. 2011], PF 37(6) [Nov.–Dec. 2011], PF 38(1) [Jan.–Feb. 2012], PF 38(2)
[Mar.–Apr. 2012], and PF 38(3) [May–June 2012].
(HDQ.)
Correspondence Number—C108942; C114533
Add the following:
Isobutyl Alcohol: Clear, colorless, mobile liquid. Soluble in water. Miscible with alcohol, with
ether, and with many other organic solvents. NF category: Flavors and perfumes; solvent.
2S (NF31)

Change to read:
Piperacillin: White to off-white, crystalline powder. Very soluble in methanol; slightly soluble in
isopropyl alcohol; very slightly soluble in ethyl acetate and
practically insoluble to very slightly soluble 2S (USP36)
in water.
BRIEFING
Chinese Salvia; Powdered Chinese Salvia. New USP dietary supplement monographs are
proposed. The liquid chromatographic procedure in the HPLC Identification test C and the
test for Content of Tanshinones is based on analyses performed with the Agilent Zorbax
Extend C18 brand of column containing 5-µm packing L1. The typical retention times
observed for cryptotanshinone, tanshinone I, and tanshinone IIA are about 13.4, 14.3, and
18.7 min, respectively. The liquid chromatographic procedure in the HPLC Identification test
D and the test for Content of Salvianolic Acid B is based on analyses performed with the
Agilent Zorbax SB C18 brand of column containing 5-µm packing L1. The typical retention
time observed for salvianolic acid B is about 22.0 min.
(DSB: M. Sharaf.)
Correspondence Number—C92760

Comment deadline: September 30, 2012
Add the following:
Chinese Salvia
DEFINITION
Chinese Salvia consists of the dried roots and rhizomes of Salvia miltiorrhiza Bunge, also known
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as Danshen (Fam. Lamiaceae). It contains NLT 0.1% of tanshinone IIA ; NLT 0.2% of total
tanshinones, calculated as the sum of cryptotanshinone, tanshinone I, and tanshinone IIA ; and
NLT 3.0% of salvianolic acid B; all calculated on the dried basis. It is collected in spring or fall.
IDENTIFICATION
• A. Chinese Salvia meets the requirements for Specific Tests, Botanic Characteristics.
• B. Thin-Layer Chromatography
Standard solution A: A mixture of about 0.5 mg/mL of USP Tanshinone IIA RS and about
1.5 mg/mL of USP Salvianolic Acid B RS in alcohol
Standard solution B: About 0.25 g of USP Powdered Chinese Salvia Extract RS in 5.0 mL
of alcohol. Sonicate for 15 min, centrifuge, and use the supernatant.
Sample solution: About 1.0 g of Chinese Salvia, finely powdered, in 5.0 mL of alcohol.
Sonicate for 15 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 2–10 µm
(HPTLC plates)
Application volume: 5 µL, as 8-mm bands
Developing solvent system A: A mixture of ethyl acetate, chloroform, toluene, formic
acid, and methanol (8:6:4:4:1)
Developing solvent system B: A mixture of petroleum ether (60 –90 ) and ethyl
acetate (4:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate. Use a saturated chamber, and condition the plate to a relative humidity of about
33% using a suitable device. Develop the chromatograms in Developing solvent system A
until the solvent front has moved up about 40% of the plate. Remove the plate, and allow
to dry. Develop the chromatograms in a saturated chamber containing Developing solvent
system B until the solvent front has moved up about three-fourths of the plate. Remove
the plate, dry, and examine under visible light and UV light at 254 nm and 365 nm.
Acceptance criteria
Under visible light, the chromatogram of the Sample solution exhibits three bands similar in
positions and colors to bands in the chromatogram of Standard solution B. These include a
pink band in the upper third of the chromatogram, similar in RF and color to the tanshinone
IIA band in the chromatogram of Standard solution A, a yellowish-orange band in the
upper third of the chromatogram, and an orange band at about the middle of the
chromatogram due to tanshinone I and cryptotanshinone, respectively.
Under UV light at 365 nm, the chromatogram of the Sample solution exhibits three blue
bands similar in positions and colors to bands in the chromatogram of Standard solution B.
These include an intense blue band in the lower third of the chromatogram corresponding
in RF and color to the salvianolic acid B band in the chromatogram of Standard solution A,
and two minor blue bands in the lower third of the chromatogram and above the
salvianolic acid B band, due to lithospermic acid and rosmarinic acid.
Under UV light at 254 nm, the chromatogram of the Sample solution exhibits intense
quenching bands at RF corresponding to those for tanshinone IIA and salvianolic acid B in
the chromatogram of Standard solution A. The chromatogram of the Sample solution also
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exhibits other quenching bands corresponding in RF to the bands in the chromatogram of
Standard solution B.
• C. HPLC
Analysis: Proceed as directed in the test for Content of Tanshinones.
Acceptance criteria: The chromatogram of the Sample solution exhibits the most intense
peak at a retention time corresponding to that of tanshinone IIA in the chromatogram of
Standard solution A. The Sample solution chromatogram exhibits two additional peaks
corresponding to tanshinone I and cryptotanshinone, of less intensity and accounting for
about half of the total tanshinones content.
• D. HPLC
Analysis: Proceed as directed in the test for Content of Salvianolic Acid B.
Acceptance criteria: The chromatogram of the Sample solution exhibits a peak at a
retention time corresponding to that of salvianolic acid B in the chromatogram of Standard
solution A.
COMPOSITION
• Content of Tanshinones
Solution A: 0.02% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
39
61
6
39
61
20
10
90
20.5
39
61
25
39
61
[Note—Proceed under subdued light or use low-actinic glassware. The Standard solution and
Sample solution are stable for 24 h at room temperature.]
Standard solution A: 0.02 mg/mL of USP Tanshinone IIA RS in methanol
Standard solution B: 2 mg/mL of USP Powdered Chinese Salvia Extract RS in methanol.
Sonicate for 15 min, and pass through a membrane filter having a 0.45-µm pore size.
Discard the first few mL of the filtrate.
Sample solution: About 300 mg of Chinese Salvia, finely powdered and accurately
weighed, in 40 mL of methanol. Sonicate for 30 min, filter into a 50-mL volumetric flask,
and wash the residue and the filter paper with a few mL of methanol. Adjust with
methanol to volume, mix, and pass through a membrane filter having a 0.45-µm pore size.
Discard the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 20
Flow rate: 1.0 mL/min
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Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Chinese Salvia
Extract RS being used.
Tailing factor: NMT 2.0 for the tanshinone IIA peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the tanshinone IIA peak in
repeated injections, Standard solution A
Resolution: NLT 1.5 between the cryptotanshinone and tanshinone I peaks, Standard
solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Chinese Salvia Extract RS being
used, identify the retention times of the peaks corresponding to different tanshinones in
the Sample solution chromatogram. The approximate relative retention times of the
different peaks for cryptotanshinone, tanshinone I, and tanshinone IIA are 0.75, 0.79,
1.00, respectively.
Calculate the percentages of cryptotanshinone, tanshinone I, and tanshinone IIA in the
portion of Chinese Salvia taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
rS= peak area of tanshinone IIA from Standard solution A
C=
S concentration of USP Tanshinone IIA RS in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Chinese Salvia taken to prepare the Sample solution (mg)
F= conversion factor for analytes (1.18 for cryptotanshinone, 1.31 for tanshinone I, and
1.00 for tanshinone IIA )
Add the percentages of cryptotanshinone, tanshinone I, and tanshinone IIA .
Acceptance criteria: NLT 0.1% tanshinone IIA and NLT 0.2 % of total tanshinones,
calculated on the dried basis
• Content of Salvianolic Acid B
Solution A: 0.1% phosphoric acid in water (v/v)
Mobile phase: Solution A and acetonitrile (78:22)
[Note—The Standard solution and Sample solution are stable for 12 h at room temperature.]
Solvent: Methanol and water (8:2)
Standard solution: 0.1 mg/mL of USP Salvianolic Acid B RS in Solvent
Sample stock solution: About 150 mg of Chinese Salvia, finely powdered and accurately
weighed, in 40 mL of Solvent. Sonicate for 30 min, filter into a 50-mL volumetric flask, and
wash the residue and the filter paper with a few mL of Solvent. Adjust with Solvent to
volume, mix, and centrifuge a portion.
Sample solution: Dilute a portion of the supernatant from the Sample stock solution (1:2)
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with Solvent, mix, and pass through a membrane filter having a 0.45-µm pore size. Discard
the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 20±1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the salvianolic acid B peak
Relative standard deviation: NMT 2.0%, determined from the salvianolic acid B peak
in repeated injections
Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of the Standard solution, identify the retention time of the peak
corresponding to salvianolic acid B in the Sample solution.
Calculate the percentage of salvianolic acid B in the portion of Chinese Salvia taken:
Result = (rU/rS) × CS × (V/W) × D × 100
rU= peak area of salvianolic acid B from the Sample solution
rS= peak area of salvianolic acid B from the Standard solution
C=
S concentration of USP Salvianolic Acid B RS in the Standard solution (mg/mL)
V= volume of the Sample stock solution (mL)
W= weight of Chinese Salvia used to prepare the Sample solution (mg)
D= dilution factor to prepare the Sample solution from the Sample stock solution, 2
Acceptance criteria: NLT 3.0%, calculated on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures 233
For deionized water: use deionized water of at least 18 megaohm.
Sample solution: Use Chinese Salvia previously dried for 2 h at 60 , ground to coarse
powder. Accurately weigh 0.5 g of the powder, transfer to a closed microwave vessel,
and add 5–10 mL of concentrated nitric acid. [Note—In case of a severe reaction, set the
vessel aside until the reaction ceases.] Digest under pressure following the instrument
manufacturer's recommendations, cool to below 60 , and remove the vessel. Cool to room
temperature, transfer the contents with the aid of three 10-mL portions of deionized
water to a 250-mL volumetric flask, dilute with deionized water to volume, and mix. [Note
—In case of deposits, centrifuge, and use the supernatant.]
Acceptance criteria
Arsenic: NMT 2 µg/g
Cadmium: NMT 0.3 µg/g
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Lead: NMT 5 µg/g
Mercury: NMT 0.2 µg/g
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
• Articles of Botanical Origin, Aflatoxins

561 : Meets the requirements

SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: Rhizomes short and thick, sometimes with remains of stems at the apex.
Roots, long, cylindrical, slightly curved, some branched, with rootlets, 10–20 cm long, 0.3–
1.5 cm in diameter. Externally brownish-red or dark brownish-red, rough, longitudinally
wrinkled. The bark of old roots is loose, mostly purplish-brown, usually scaling off; the
bark of young roots is closely adhering to wood and uneasy to be scaled off. Texture hard
and fragile, fracture loose, with brownish-red bark and greyish-yellow or purplish-brown
wood, showing bundles of vessels, yellowish-white, arranged radially.
Microscopic
Transverse section: Cork, 4–8 rows of cells with brown contents; rhytidome tissues may
be present; cortex broad, parenchyma cells showing reddish-brown granules; phloem
narrow, crescent shape; cambium in a ring; xylem vessels, lignified, mainly scalariform
and reticulate, numerous near the cambium ring and fewer near the pith; xylem fibers in
bundle, scattered radially; pith in the center.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 2.0%

• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1
• Articles of Botanical Origin, Water-Soluble Extractives, Method 2

561 : NLT 15.0%
561 : NLT 35.0%

• Loss on Drying 731
Sample: 1.0 g of finely powdered Chinese Salvia
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 13%
• Articles of Botanical Origin, Total Ash 561
Sample: 4.0 g of finely powdered Chinese Salvia
Acceptance criteria: NMT 10%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 3.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
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• USP Reference Standards 11
USP Powdered Chinese Salvia Extract RS
USP Salvianolic Acid B RS
USP Tanshinone IIA RS
2S (USP36)

BRIEFING
Powdered Chinese Salvia. See the briefing under Chinese Salvia, published elsewhere in this
issue of PF.
(DSB: M. Sharaf.)
Correspondence Number—C97305

Comment deadline: September 30, 2012
Add the following:
Powdered Chinese Salvia
DEFINITION
Powdered Chinese Salvia is Chinese Salvia reduced to a powder or very fine powder. It contains
NLT 0.1% tanshinone IIA ; NLT 0.2 % of total tanshinones, calculated as the sum of
cryptotanshinone, tanshinone I, and tanshinone IIA ; and NLT 3.0 % of salvianolic acid B; all
calculated on the dried basis.
IDENTIFICATION
• A. Powdered Chinese Salvia meets the requirements for Specific Tests, Botanic
Characteristics.
• B. Thin-Layer Chromatography
Standard solution A: A mixture of about 0.5 mg/mL of USP Tanshinone IIA RS and about
1.5 mg/mL of USP Salvianolic Acid B RS in alcohol
Standard solution B: About 0.25 g of USP Powdered Chinese Salvia Extract RS in 5.0 mL
of alcohol. Sonicate for 15 min, centrifuge, and use the supernatant.
Sample solution: About 1.0 g of Powdered Chinese Salvia in 5.0 mL of alcohol. Sonicate
for 15 min, centrifuge, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 2–10 µm
(HPTLC plates)
Application volume: 5 µL, as 8-mm bands
Developing solvent system A: A mixture of ethyl acetate, chloroform, toluene, formic
acid, and methanol (8:6:4:4:1)
Developing solvent system B: A mixture of petroleum ether (60 –90 ) and ethyl
acetate (4:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate. Use a saturated chamber, and condition the plate to a relative humidity of about
33% using a suitable device. Develop the chromatograms in Developing solvent system A
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until the solvent front has moved up about 40% of the plate. Remove the plate, and allow
to dry. Develop the chromatograms in a saturated chamber containing Developing solvent
system B until the solvent front has moved up about three-fourths of the plate. Remove
the plate, dry, and examine under visible light and UV light at 254 nm and 365 nm.
Acceptance criteria
Under visible light, the chromatogram of the Sample solution exhibits three bands similar in
positions and colors to bands in the chromatogram of Standard solution B. These include a
pink band in the upper third of the chromatogram, similar in RF and color to the tanshinone
IIA band in the chromatogram of Standard solution A, a yellowish-orange band in the
upper third of the chromatogram, and an orange band at about the middle of the
chromatogram due to tanshinone I and cryptotanshinone, respectively.
Under UV light at 365 nm, the chromatogram of the Sample solution exhibits three blue
bands similar in positions and colors to bands in the chromatogram of Standard solution B.
These include an intense blue band in the lower third of the chromatogram corresponding
in RF and color to the salvianolic acid B band in the chromatogram of Standard solution A,
and two minor blue bands in the lower third of the chromatogram and above the
salvianolic acid B band, due to lithospermic acid and rosmarinic acid.
Under UV light at 254 nm, the chromatogram of the Sample solution exhibits intense
quenching bands at RF corresponding to those for tanshinone IIA and salvianolic acid B in
the chromatogram of Standard solution A. The chromatogram of the Sample solution also
exhibits other quenching bands corresponding in RF to the bands in the chromatogram of
the Standard solution B.
• C. HPLC
Analysis: Proceed as directed in the test for Content of Tanshinones.
Acceptance criteria: The chromatogram of the Sample solution exhibits the most intense
peak at a retention time corresponding to that of tanshinone IIA in the chromatogram of
Standard solution A. The Sample solution chromatogram exhibits two additional peaks
corresponding to tanshinone I and cryptotanshinone, of less intensity and accounting for
about half of the total tanshinones content.
• D. HPLC
Analysis: Proceed as directed in the test for Content of Salvianolic Acid B.
Acceptance criteria: The chromatogram of the Sample solution exhibits a peak at a
retention time corresponding to that of salvianolic acid B in the chromatogram of Standard
solution A.
COMPOSITION
• Content of Tanshinones
Solution A: 0.02% phosphoric acid in water (v/v)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
39
61
6
39
61
20
10
90
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20.5
39
61
25
39
61
[Note—Proceed under subdued light or use low-actinic glassware. The Standard solution and
Sample solution are stable for 24 h at room temperature.]
Standard solution A: 0.02 mg/mL of USP Tanshinone IIA RS in methanol
Standard solution B: 2 mg/mL of USP Powdered Chinese Salvia Extract RS in methanol.
Sonicate for 15 min, and pass through a membrane filter having a 0.45-µm pore size.
Discard the first few mL of the filtrate.
Sample solution: About 300 mg of Powdered Chinese Salvia, accurately weighed, in 40 mL
of methanol. Sonicate for 30 min, and filter into a 50-mL volumetric flask. Wash the
residue and the filter paper with a few mL of methanol, adjust to volume with methanol,
mix, and pass through a membrane filter having a 0.45-µm pore size. Discard the first few
mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 270 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 20
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Chinese Salvia
Extract RS being used.
Tailing factor: NMT 2.0 for the tanshinone IIA peak, Standard solution A
Relative standard deviation: NMT 2.0%, determined from the tanshinone IIA peak in
repeated injections, Standard solution A
Resolution: NLT 1.5 between the cryptotanshinone and tanshinone I peaks, Standard
solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Chinese Salvia Extract RS being
used, identify the retention times of the peaks corresponding to different tanshinones in
the Sample solution chromatogram. The approximate relative retention times of the
different peaks for cryptotanshinone, tanshinone I, and tanshinone IIA are 0.75, 0.79,
1.00, respectively.
Calculate the percentages of cryptotanshinone, tanshinone I, and tanshinone IIA in the
portion of Powdered Chinese Salvia taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak area of the relevant analyte from the Sample solution
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rS= peak area of tanshinone IIA from the Standard solution A
C=
S concentration of USP Tanshinone IIA RS in the Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Chinese Salvia taken to prepare the Sample solution (mg)
F= conversion factor for analytes (1.18 for cryptotanshinone, 1.31 for tanshinone I, and
1.00 for tanshinone IIA )
Add the percentages of cryptotanshinone, tanshinone I, and tanshinone IIA .
Acceptance criteria: NLT 0.1% tanshinone IIA and NLT 0.2 % of total tanshinones,
calculated on the dried basis
• Content of Salvianolic Acid B
Solution A: 0.1% phosphoric acid in water (v/v)
Mobile phase: Solution A and acetonitrile (78:22)
[Note—The Standard solution and Sample solution are stable for 12 h at room temperature.]
Solvent: Methanol and water (8:2)
Standard solution: 0.1 mg/mL of USP Salvianolic acid B RS in Solvent
Sample stock solution: About 150 mg of Powdered Chinese Salvia, accurately weighed, in
40 mL of Solvent. Sonicate for 30 min, and filter into a 50-mL volumetric flask. Wash the
residue and the filter paper with a few mL of Solvent, adjust to volume with Solvent, mix,
and centrifuge a portion.
Sample solution: Dilute a portion of the supernatant from the Sample stock solution (1:2)
with Solvent, mix, and pass through a membrane filter having a 0.45-µm pore size. Discard
the first 2 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 286 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 20 ±1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the salvianolic acid B peak
Relative standard deviation: NMT 2.0%, determined from the salvianolic acid B peak
in repeated injections
Analysis
Samples: Standard solution and Sample solution
Using the chromatogram of Standard solution, identify the retention time of the peak
corresponding to salvianolic acid B in the Sample solution.
Calculate the percentage of salvianolic acid B in the portion of Powdered Chinese Salvia
taken:
Result = (rU/rS) × CS × (V/W) × D × 100
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rU= peak area of salvianolic acid B from the Sample solution
rS= peak area of salvianolic acid B from the Standard solution
C=
S concentration of USP Salvianolic Acid B RS in the Standard solution (mg/mL)
V= volume of Sample stock solution (mL)
W= weight of Powdered Chinese Salvia used to prepare the Sample solution (mg)
D= dilution factor to prepare the Sample solution from Sample stock solution, 2
Acceptance criteria: NLT 3.0%, calculated on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures 233
For deionized water: use deionized water of at least 18 megaohm.
Sample solution: Use Powdered Chinese Salvia previously dried for 2 h at 60 , weigh
accurately 0.5 g, transfer to a closed microwave vessel, and add 5–10 mL of
concentrated nitric acid. [Note—In case of a severe reaction, set the vessel aside until
the reaction ceases.] Digest under pressure following the instrument manufacturer's
recommendations, cool to below 60 , remove the vessel, cool to room temperature,
transfer the content with the aid of three 10-mL portions of deionized water to a 250-mL
volumetric flask, complete to volume with deionized water, and mix. [Note—In case of
deposits, centrifuge, and use the supernatant.]
Acceptance criteria
Arsenic: NMT 2 µg/g
Cadmium: NMT 0.3 µg/g
Lead: NMT 5 µg/g
Mercury: NMT 0.2 µg/g
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements.

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of specified microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
• Articles of Botanical Origin, Aflatoxins

561 : Meets the requirements.

SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: Yellowish-brown to reddish-brown in color.
Microscopic: It shows fragments of cork cells, subrectangular or polygonal, containing
yellowish-brown pigments, 10–150 µm in diameter; parenchymatous cells of cortex,
subsquare or polygonal, containing reddish-brown pigments; stone cells, subrounded,
subtriangular, subrectangular or irregular shape, some elongated, mostly 14–70 µm in
diameter, up to 270 µm in length; fibers mostly in bundles, long fusiform in shape, ends
oblique-sharp or blunt-round, with oblique or criss-cross striations, 10–60 µm in diameter;
and reticulate and pitted vessels, up to 120 µm in diameter.
• Articles of Botanical Origin, Alcohol-Soluble Extractives, Method 1

561 : NLT 15.0%
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• Articles of Botanical Origin, Water-Soluble Extractives, Method 2

561 : NLT 35.0%

• Loss on Drying 731
Sample: 1.0 g of Powdered Chinese Salvia
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 13%
• Articles of Botanical Origin, Total Ash 561 :
Sample: 4.0 g of Powdered Chinese Salvia
Acceptance criteria: NMT 10%
• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 3.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant from which the article was obtained.
• USP Reference Standards 11
USP Powdered Chinese Salvia Extract RS
USP Salvianolic Acid B RS
USP Tanshinone IIA RS
2S (USP36)

BRIEFING
Valerian Tincture. A new USP dietary supplement monograph for this dosage form is proposed.
The liquid chromatographic procedure in the test for Content of Valerinic Acids is based on
analyses performed with the Phenomenex Prodigy ODS(3) brand of L1 column, with endcapped, 5-µm 100 packing. The typical retention times for hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid are about 11.0, 13.0, 16.9 min, respectively.
(DS2010: M. Sharaf.)
Correspondence Number—C115406

Comment deadline: September 30, 2012
Add the following:
Valerian Tincture
DEFINITION
Valerian Tincture is prepared as follows.
Valerian
200 g
A mixture of Alcohol and Water (6:4) to (8:2),
a sufficient quantity to make
1000 mL
Prepare the Tincture as directed for Botanical Extracts 565 , Tinctures, Maceration Process.
Valerian Tincture contains NLT 0.015% of valerenic acids, calculated as the sum of
hydroxyvalerenic acid, acetoxyvalerenic acid, and valerenic acid.
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IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 0.25 mg/mL of USP Valerenic Acid RS in methanol
Standard solution B: 40 mg/mL of USP Powdered Valerian Extract RS in methanol.
Sonicate for 10 min, centrifuge, and use the supernatant.
Sample solution: Centrifuge the Tincture, and use the supernatant.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 2–10 µm
(HPTLC plates)
Application volume: 5 µL of Standard solution A and Standard solution B and 10 µL of
the Sample solution, as 8-mm bands
Developing solvent system: A mixture of cyclohexane, ethyl acetate, and acetic acid
(60:38:2)
Derivatization reagent A: A mixture of glacial acetic acid and hydrochloric acid (1:4)
Derivatization reagent B: 0.5 mL of p-anisaldehyde, 10 mL of acetic acid, and 5 mL of
sulfuric acid. Add to 85 mL of ice-cold methanol, and mix.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable high-performance thin-layer chromatographic
plate. Use a saturated chamber, and condition the plate to a relative humidity of about
33% using a suitable device. Develop the chromatograms over a distance of 6 cm.
Remove the plate from the chamber, dry, derivatize with Derivatization reagent A, heat
at 120 for 5 min, and examine under white light. Derivatize with Derivatization reagent
B, heat at 100 for 3 min, and examine under white light.
Acceptance criteria: After treatment with Derivatization reagent A and heating, the
Sample solution does not exhibit an intense blue band at about the middle of the
chromatogram nor any other significant bands [distinction from Mexican valerian (Valeriana
edulis)], though minor bands may be observed.
After treatment with Derivatization reagent B and heating, the Sample solution exhibits
three violet bands in positions and colors similar to the bands of Standard solution B.
These bands include a minor band in the lower third of the chromatogram due to
hydroxyvalerenic acid, a major band at about the middle the chromatogram due to
acetoxyvalerenic acid [distinction from Scouler's valerian (Valeriana wallichii)], and a major
band at an RF corresponding to the valerenic acid band of Standard solution A and
Standard solution B. Other minor bands may be observed in the Sample solution and in
Standard solution B.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Valerenic Acids.
Acceptance criteria: The Sample solution exhibits a peak at a retention time
corresponding to the valerenic acid peak of Standard solution A. The Sample solution
shows additional peaks corresponding to hydroxyvalerenic acid and acetoxyvalerenic acid.
STRENGTH
• Content of Valerenic Acids
Solution A: Mix 6 mL of 85% phosphoric acid with 900 mL of water, dilute with water to
1000 mL, mix, filter, and degas.
Solution B: Mix 6 mL of 85% phosphoric acid with 900 mL of methanol, dilute with methanol
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to 1000 mL, mix, filter, and degas.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
40
60
15
5
95
25
5
95
30
40
60
Solvent: A mixture of methanol and a solution of 0.1% phosphoric acid in water (3:1)
Standard solution A: 0.02 mg/mL of USP Valerenic Acid RS in methanol. Sonicate if
necessary.
Standard solution B: Sonicate a portion of USP Powdered Valerian Extract RS in Solvent to
obtain a solution having a concentration of about 20 mg/mL. Before injection, pass
through a membrane filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Sample solution: Use Tincture. Before injection, pass through a membrane filter of 0.45µm or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 225 nm
Column: 4.6-mm × 25-cm; end-capped, 5-µm 100

packing L1

Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram of Standard solution B is similar to the
reference chromatogram provided with the lot of USP Powdered Valerian Extract RS
being used.
Tailing factor: NMT 2.0 for the valerenic acid peak, Standard solution A
Relative standard deviation: NMT 2.0% for the valerenic acid peak in repeated
injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the valerenic acids in the Sample solution chromatogram by comparison with the
chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Valerian Extract RS being used.
Calculate the percentage of valerenic acids (sum of hydroxyvalerenic acid,
acetoxyvalerenic acid, and valerenic acid) in the portion of Tincture taken:
Result = {[S(rU × F)]/rS} × CS × 0.1
rU= peak areas of the relevant analytes from the Sample solution
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F= conversion factor for each analyte (1.10 for hydroxyvalerenic acid, 1.25 for
acetoxyvalerenic acid, and 1.00 for valerenic acid)
rS= peak area of valerenic acid from Standard solution A
C=
S concentration of valerenic acid in Standard solution A (mg/mL)
Acceptance criteria: 90.0%–120.0%
OTHER COMPONENTS
• Alcohol Determination, Method I
amount of alcohol (C2 H5 OH)

611 : NLT 90.0% and NMT 110.0% of the labeled

CONTAMINANTS
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature.
• Labeling: The label states the official name of the article, the Latin binomial, and the part of
the plant from which the article was prepared. Label it to indicate the content of valerenic
acids, the solvent mixture used for extraction, and the ratio of the starting crude plant
material to Tincture.
• USP Reference Standards 11
USP Valerenic Acid RS
USP Powdered Valerian Extract RS
2S (USP36)

BRIEFING
Excipients, USP and NF Excipients, Listed by Category, page 5417 of the First
Supplement to NF 30, page 1197 of PF 35(5) [Sept.–Oct. 2009], PF 37(4) [July–Aug. 2011], PF
37(5) [Sept.–Oct. 2011], PF 37(6) [Nov.–Dec. 2011], PF 38(1) [Jan.–Feb. 2012], PF 38(2)
[Mar.–Apr. 2012], and PF 38(3) [May–June 2012]. It is proposed to add Isobutyl Alcohol to the
Flavors and Perfumes and Solvent categories to complement the proposed new monograph for
Isobutyl Alcohol, which appears elsewhere in this issue of PF.
(EM1; EM2.)

Correspondence Number—C108942

In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.
Change to read:
Flavors and Perfumes
Isobutyl Alcohol
Change to read:

2S (NF31)
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Solvent
Isobutyl Alcohol

2S (NF31)

BRIEFING
Isobutyl Alcohol. Because there is no existing NF monograph for this excipient, a new
monograph is proposed based on validated methods of analysis. The test in the Assay and
for Limit of Isobutyraldehyde, Butyraldehyde, 2-Butanol, 1-Butanol, and Other Volatile
Impurities is based on analyses performed using the Agilent/J&W Scientific DB-624 brand of
G43 column. The typical retention times for isobutyraldehyde, butyraldehyde, 2-butanol,
isobutyl alcohol (2-methyl-1-propanol), and 1-butanol are 5.5, 7.0, 8.2, 11.3, and 14.1 min,
respectively. Interested parties are encouraged to comment on the proposal.
(EXC: H. Wang.)
Correspondence Number—C108942

Comment deadline: September 30, 2012
Add the following:
Isobutyl Alcohol

CH3 CH(CH3 )CH2 OH

74.12

2-Methyl-1-propanol;
2-Methylpropyl alcohol;
1-Isobutanol;
[78-83-1].
DEFINITION
Isobutyl Alcohol contains NLT 98.0% of 2-methyl-1-propanol (C4 H10 O).
IDENTIFICATION
• A. Infrared Absorption 197F
• B. The retention time of the major peak of the Sample solution corresponds to that of the 2methyl-1-propanol peak of the System suitability solution, as obtained in the Assay.
ASSAY
• Procedure
System suitability solution: USP 1-Butanol RS and USP 2-Methyl-1-Propanol RS (1:1)
Sample solution: Isobutyl Alcohol (neat)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
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Column: 0.53-mm × 30-m wide-bore; coated with a 3.0-µm layer of thickness phase G43
Temperatures
Detector: 250
Injection port: 140
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
40
—
40
20
40
10
240
20
Carrier gas: Helium
Flow rate: 4.8–4.9 mL/min
Injection volume: 1 µL
Injection type: Split injection. The split ratio is 30:1. [Note—A needle wash is
recommended to minimize the carry over.]
System suitability
Sample: System suitability solution
[Note—The 2-methyl-1-propanol peak typically elutes at about 11 min, and 1-butanol at
about 15 min. The relative retention times for 2-methyl-1-propanol and 1-butanol are
0.7 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between 2-methyl-1-propanol and 1-butanol
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
Calculate the percentage of 2-methyl-1-propanol (C4 H10 O) in the portion of Isobutyl
Alcohol taken:
Result = (rU/rT) × 100
r=
U peak response of isobutyl alcohol
r=
S sum of all the peaks except those due to artifact and those below the Disregard limit
(see Table 3)
Acceptance criteria: NLT 98.0%
IMPURITIES
• Limit of Isobutyraldehyde, Butyraldehyde, 2-Butanol, 1-Butanol, and Other Volatile
Impurities
Sample solution and Chromatographic system: Proceed as directed in the Assay.
Reference solution: 0.1% of Isobutyl Alcohol in water
Standard solution: 0.2% of USP Isobutyraldehyde RS, 0.2% of USP Butyraldehyde RS,
0.1% of USP 1-Butanol RS, and 0.1% of USP 2-Butanol RS in the Sample solution
System suitability
Sample: Standard solution
[Note—See Table 2 for relative retention times.]
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Table 2
Relative
Retention
Component
Time
Isobutyraldehyde
0.4
Butyraldehyde
0.5
2-Butanol
0.6
2-Methyl-1-propanol
0.8
1-Butanol
1.0
Suitability requirements
Resolution: NLT 1.5 between all adjacent peaks
Analysis
Samples: Sample solution, Reference solution, and Standard solution
If any peaks of the Sample solution have the same retention times as the peaks due to
isobutyraldehyde, butyraldehyde, 2-butanol, and 1-butanol, subtract the areas of any
such peaks from the peak areas of the Standard solution at these retention times. The
difference is calculated below:
Result (Dr) = rS

rU

r=
S peak response of each individual impurity (isobutyraldehyde, butyraldehyde, 2-butanol,
or 1-butanol) from the Standard solution
r=
U peak response of each individual impurity (isobutyraldehyde, butyraldehyde, 2-butanol,
or 1-butanol), if present, from the Sample solution
Calculate the percentage of each impurity other than isobutyraldehyde, butyraldehyde, 2butanol, and 1-butanol in the portion of Isobutyl Alcohol taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity other than isobutyraldehyde, butyraldehyde, 2-butanol,
and 1-butanol from the Sample solution
r=
T sum of all the peaks from the Sample solution, except those due to artifact and those
below the Disregard limit (see Table 3)
Acceptance criteria: See Table 3.
Table 3
Impurity
Percentage (%)
The area of any peak of the Sample solution corresponding to
isobutyraldehyde, rU, is NMT half of the difference (Dr) between the area
of the peak due to isobutyraldehyde in the Standard solution and the
area of the peak due to isobutyraldehyde in the Sample solution,
Isobutyraldehyde corresponding to NMT 0.1%.
The area of any peak of the Sample solution corresponding to
butyraldehyde, rU, is NMT half of the difference (Dr) between the area of
the peak due to butyraldehyde in the Standard solution and the area of
the peak due to butyraldehyde in the Sample solution, corresponding to
Butyraldehyde
NMT 0.1%.
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The area of any peak of the Sample solution corresponding to 2-butanol,
rU, is NMT the difference (Dr) between the area of the peak due to 2butanol in the Standard solution and the area of the peak due to 22-Butanol
butanol in the Sample solution, corresponding to NMT 0.1%.
The area of any peak of the Sample solution corresponding to 1-butanol,
rU, is NMT the difference (Dr) between the area of the peak due to 1butanol in the Standard solution and the area of the peak due to 11-Butanol
butanol in the Sample solution, corresponding to NMT 0.1%.
Total impurities NMT 2.0%
0.1 times the area of the major peak of the Reference solution,
Disregard limit
corresponding to 0.01%
• Limit of Nonvolatile Residue
Sample: 100 mL
Analysis: Evaporate the Sample in a tared porcelain dish on a steam bath, and dry at 105
for 30 min.
Acceptance criteria: The weight of the residue does not exceed 4 mg, corresponding to
NMT 0.004%.
SPECIFIC TESTS
• Acidity
Sample: 74 mL (60 g)
Analysis: Titrate the Sample with 0.020 N alcoholic potassium hydroxide, using
phenolphthalein TS as the indicator, until a pink color persists for NLT 15 s.
Acceptance criteria: NMT 2.5 mL is consumed
• Water Determination, Method I

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and prevent exposure to excessive
heat.
• USP Reference Standards 11
USP 1-Butanol RS
USP 2-Butanol RS
USP Butyraldehyde RS
USP Isobutyraldehyde RS
USP 2-Methyl-1-Propanol RS
2S (NF31)

BRIEFING
Acyclovir, USP 35 page 2073. As part of the USP monograph modernization effort, it is
proposed to replace the TLC-based impurity test with a more selective and quantitative
HPLC test. The analysis is performed with a Partisil 10 ODS (1) brand of L1 column with a
retention time for acyclovir of about 8 min. The monograph was also reformatted to be
consistent with the monograph redesign, and thus the Assay and the test for Limit of
Guanine are presented separately.
(SM1: B. Davani.)
Correspondence Number—C112776
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Comment deadline: September 30, 2012
Acyclovir

C8 H11 N5 O3

225.20

6H-Purin-6-one, 2-amino-1,9-dihydro-9-[(2-hydroxyethoxy)methyl]-;
9-[(2-Hydroxyethoxy)methyl]guanine
[59277-89-3].
DEFINITION
Acyclovir contains NLT 98.0% and NMT 101.0% of acyclovir (C8 H11 N5 O3 ), calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Glacial acetic acid in water (1 in 1000)
System suitability solution A: 0.1 mg/mL each of USP Acyclovir RS and guanine. Initially,
dissolve in 0.1 N sodium hydroxide, and then dilute with water.
System suitability solution B: 0.7 µg/mL of guanine prepared as follows. Dissolve a
suitable quantity of guanine in 0.1 N sodium hydroxide, and dilute with water.
Standard stock solution: 0.5 mg/mL of USP Acyclovir RS prepared as follows. Dissolve 25
mg of USP Acyclovir RS in 5 mL of 0.1 N sodium hydroxide in a 50-mL volumetric flask, and
dilute with water to volume.
Standard solution: 0.1 mg/mL of USP Acyclovir RS from the Standard stock solution in
0.01 N sodium hydroxide
Sample stock solution: 0.5 mg/mL of Acyclovir prepared as follows. Dissolve 100 mg of
Acyclovir in 20 mL of 0.1 N sodium hydroxide in a 200-mL volumetric flask, and dilute with
water to volume.
Sample solution: 0.1 mg/mL of Acyclovir from the Sample stock solution in 0.01 N sodium
hydroxide
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 3 mL/min
Injection volume: 20 µL
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System suitability
Samples: System suitability solution A and System suitability solution B
Suitability requirements
Resolution: NLT 2.0 between acyclovir and guanine, System suitability solution A
Tailing factor: NMT 2 for acyclovir, System suitability solution A
Relative standard deviation: NMT 2.0% for acyclovir, System suitability solution A;
NMT 2.0% for guanine, System suitability solution B
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of acyclovir (C8 H11 N5 O3 ) in the portion of Acyclovir taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Acyclovir RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0%–101.0% on the anhydrous basis
IMPURITIES
• Limit of Guanine
Mobile phase, System suitability solution A, System suitability solution B, Sample
stock solution, Sample solution, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Guanine standard solution: Use System suitability solution B.
Analysis
Samples: Sample solution and Guanine standard solution
Calculate the percentage of guanine in the portion of Acyclovir taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of guanine from the Sample solution
rS= peak response of guanine from the Guanine standard solution
C=
S concentration of guanine in the Guanine standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
Acceptance criteria: NMT 0.7% of guanine
Delete the following:
• Ordinary Impurities 466
Sample solution: Dimethyl sulfoxide
Standard solution: Dimethyl sulfoxide
Eluant: Chloroform, methanol, and ammonium hydroxide (80:20:2)
Visualization: 1
Application volume: 5 µL
Acceptance criteria: NMT 1% 2S (USP36)
Add the following:
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• Organic Impurities
Solution A: Glacial acetic acid in water (1 in 1000)
Solution B: Glacial acetic acid, acetonitrile, and water (2:1000:1000)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10
100
0
20
60
40
System suitability stock solution A: 0.07 mg/mL of guanine prepared as follows. Dissolve
7 mg of guanine in 10 mL of 0.1 N sodium hydroxide in a 100-mL volumetric flask, sonicate,
and dilute with water to volume.
System suitability stock solution B: 0.05 mg/mL each of USP Acyclovir RS, USP Acyclovir
Related Compound A RS, and USP Acyclovir Related Compound L RS prepared as follows.
Dissolve 5 mg each of USP Acyclovir RS, USP Acyclovir Related Compound A RS, and USP
Acyclovir Related Compound L RS in 10 mL of 10% glacial acetic acid (v/v) in a 100-mL
volumetric flask, sonicate, and dilute with water to volume.
System suitability solution: 0.007 mg/mL of guanine from System suitability stock
solution A and 0.005 mg/mL each of USP Acyclovir RS, USP Acyclovir Related Compound A
RS, and USP Acyclovir Related Compound L RS, from System suitability stock solution B in
1% glacial acetic acid (v/v)
Identification solution: 0.05 mg/mL each of USP Acyclovir Related Compound F RS and
USP Acyclovir Related Compound G RS prepared as follows. Transfer a suitable quantity of
each of the Reference Standards to a volumetric flask. Dissolve in 10% of the flask volume
of 10% glacial acetic acid (v/v), dilute with water to volume, and sonicate to dissolve.
[Note—The retention times of acyclovir related compound F and acyclovir related
compound G are about 16.2 and 18.9, respectively.]
Standard stock solution: 0.05 mg/mL of USP Acyclovir RS prepared as follows. Transfer 5
mg of USP Acyclovir RS to a 100-mL volumetric flask, add 10 mL of 10% glacial acetic acid
(v/v), sonicate to dissolve, and dilute with water to volume.
Standard solution: 0.005 mg/mL of USP Acyclovir RS in 1% glacial acetic acid (v/v) from
the Standard stock solution
Sample solution: 1 mg/mL of Acyclovir prepared as follows. Dissolve 50 mg of Acyclovir in
5 mL of 10% glacial acetic acid (v/v) in a 50-mL volumetric flask, add 30 mL of water,
sonicate, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 3 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
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Resolution: NLT 2.0 between acyclovir and guanine and NLT 2.0 between acyclovir
related compound A and acyclovir related compound L, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Acyclovir (C8 H11 N5 O3 ) taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Acyclovir RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Name

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
—a
—
—
1.1
0.1
0.80
0.1
0.98
0.1

Guanine
0.72
Acyclovir
1.0
Acyclovir related compound L
1.9
Acyclovir related compound A
2.1
b
9,9¢-Diguanyl analog
2.2
N,O-Diacetyl acyclovir (Acyclovir related
compound G)c
2.4
0.85
0.1
Any unidentified impurity
—
1.0
0.10
—
—
Total impurities
1.0a
a Include the result for guanine obtained from the Limit of Guanine test in the calculation
of total impurities. Disregard any peak less than 0.03%.
b 1,2-Bis[(2-amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethane.
c 2-{[2-(Acetylamino)-6-oxo-1,6-dihydro-9H-purin-9-yl]methoxy}ethyl acetate.
2S (USP36)

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 6.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at room temperature.
Protect from light and moisture.
Change to read:
• USP Reference Standards 11
USP Acyclovir RS
USP Acyclovir Related Compound A RS
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2-[(2-Amino-6-oxo-1,6-dihydro-9H-purin-9-yl)methoxy]ethyl acetate.
C10 H13 N5 O4
267.24
USP Acyclovir Related Compound F RS
N-[9-[(2-Hydroxyethoxy)methyl]-6-oxo-6,9-dihydro-1H-purin-2-yl]acetamide.
C10 H13 N5 O4
267.24
USP Acyclovir Related Compound G RS
2-{[2-(Acetylamino)-6-oxo-1,6-dihydro-9H-purin-9-yl]methoxy}ethyl acetate.
C12 H15 N5 O5
309.28
USP Acyclovir Related Compound L RS
N2,9-Diacetylguanine.
C9 H9 N5 O3
235.20 2S (USP36)
BRIEFING
Albuterol Extended-Release Tablets. Because there is no existing USP monograph for this
dosage form, a new monograph is proposed. The liquid chromatographic procedures in the
Assay and the test for Dissolution were validated with the Waters Symmetry C18 brand of L1
column, from which albuterol elutes at about 9 min. The liquid chromatographic procedure in
the test for Organic Impurities, Procedure 1 was validated with the YMC-Pack Phenyl brand
of L11 column. The typical retention time for albuterol is about 12 min. The liquid
chromatographic procedure in the test for Organic Impurities, Procedure 2 was validated
using either the YMC-Pack Phenyl or the Prodigy Phenyl-3 (PH-3) brand of L11 packing. The
typical retention time for albuterol is about 7.5 min.
(SM4: D. Vicchio, M. Marques.)
Correspondence Number—C98107

Comment deadline: September 30, 2012
Add the following:
Albuterol Extended-Release Tablets
DEFINITION
Albuterol Extended-Release Tablets contain albuterol sulfate equivalent to NLT 90.0% and NMT
110.0% of the labeled amount of albuterol (C13 H21 NO3 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Ultraviolet Absorption 197U
Standard solution: 80 µg/mL of albuterol from USP Albuterol Sulfate RS in methanol
Sample solution: 80 µg/mL of albuterol in methanol, prepared as follows. Transfer a
suitable number of Tablets to a volumetric flask, and dilute with methanol to volume. Stir
for 30 min, and centrifuge.
Wavelength range: 210–350 nm
Cell path: 0.2 cm
Acceptance criteria: The Sample solution exhibits maxima and minima only at the same
wavelengths as the Standard solution.
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ASSAY
• Procedure
Buffer: 0.65 g/L of sodium 1-octane sulfonate and 21.7 g/L of ammonium acetate in water
Mobile phase: Glacial acetic acid, 2-propanol, methanol, and Buffer (4:3:1:92)
Diluent: 10 mL/L of triethylamine in water
Standard stock solution: 0.2 mg/mL of USP Albuterol Sulfate RS in Diluent
Standard solution: 0.02 mg/mL of USP Albuterol Sulfate RS in Diluent, from the Standard
stock solution. Transfer an aliquot of the Standard stock solution to a suitable volumetric
flask, and add 4% of the flask volume of methanol. Allow to cool to room temperature, and
dilute with Diluent to volume.
Sample solution: Nominally 0.016 mg/mL of albuterol, prepared as follows. Transfer
Tablets (NLT 10) to a suitable volumetric flask, add 10% of the flask volume of methanol,
and sonicate for 30 min with regular swirling. Add 60% of the flask volume of Diluent, and
sonicate for 30 min with swirling. Stir for 60 min, allow the solution to cool to room
temperature, and dilute with Diluent to volume. Centrifuge a portion of this solution at
2500 rpm for 15 min. Transfer 10 mL of the supernatant into a 50-mL volumetric flask, add
1 mL of methanol, cool to room temperature, and dilute with Diluent to volume. Pass the
solution though a 1-µm glass fiber or equivalent filter, and discard the first 3 mL of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 276 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of albuterol (C13 H21 NO3 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (M × Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Albuterol Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of albuterol in the Sample solution (mg/mL)
M = moles of albuterol per mole of albuterol sulfate, 2
Mr1
= molecular weight of albuterol, 239.31
Mr2
= molecular weight of albuterol sulfate, 576.70
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Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm, with helix sinker
Time: 1, 2, 4, and 9 h
Buffer, Mobile phase, Chromatographic system, and System suitability: Proceed as
directed in the Assay, except to use an Injection volume of 50 µL.
Standard stock solution: 0.2 mg/mL of albuterol, using USP Albuterol Sulfate RS, in
Medium
Standard solution: Dilute the Standard stock solution with Medium to obtain a final
concentration of (L/1000) mg/mL of albuterol, where L is the label claim in mg/Tablet of
albuterol.
Sample solution: Pass a portion of the solution under test through a suitable filter.
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci) of albuterol (C13 H21 NO3 ) in the sample withdrawn from
the vessel at each time point (i):
Result i = (rU/rS) × CS
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of albuterol in the Standard solution (mg/mL)
Calculate the percentage of the labeled amount of albuterol (C13 H21 NO3 ) released at each
time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × (V
Result 3 = {[C3 × (V
Result 4 = {[C4 × (V

VS) ] + [C1 × VS]} × (1/L) × 100

(2 × VS))] + [(C2 + C1 ) × VS]} × (1/L) × 100
(3 × VS))] + [(C3 + C2 + C1 ) × VS]} × (1/L) × 100

C=
i concentration of albuterol in the portion of sample withdrawn at time point i (mg/mL)
V= volume of the Medium (900 mL)
L= label claim (mg/Tablet)
V=
S volume of the Sample solution withdrawn from the Medium (mL)
Tolerances: See Table 1.
Table 1
Time point Time Amount released
(i)
(h)
(%)
1
1
25–45
2
2
45–65
3
4
65–85
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4
9
NLT 80
The cumulative percentages of the labeled amount of albuterol (C13 H21 NO3 ), released at
the times specified, conform to Acceptance Table 2 in Dissolution
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
• Organic Impurities, Procedure 1
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with hydrochloric acid
to a pH of 3.0.
Mobile phase: Methanol and Buffer (5:95)
System suitability solution: 2 µg/mL each of USP Albuterol Sulfate RS and USP Albuterol
Related Compound B RS in Mobile phase
Standard solution: 2.4 µg/mL of USP Albuterol Sulfate RS, 0.80 µg/mL of USP Levalbuterol
Related Compound C RS, and 0.33 µg/mL of USP Levalbuterol Related Compound D RS in
Mobile phase
Sensitivity solution: 0.06 µg/mL of USP Albuterol Sulfate RS in Mobile phase
Sample solution: Transfer an amount of powder from NLT 20 Tablets to a suitable
volumetric flask to obtain a solution with a final nominal concentration of 0.2 mg/mL of
albuterol. Add 70% of the flask volume of Mobile phase, and sonicate for 10 min. Stir for
30 min, and dilute with Mobile phase to volume. Pass the solution though a 1-µm glass
fiber or equivalent filter, and discard the first 3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L11
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 80 µL
Run time: 5 times the retention time of albuterol
System suitability
Samples: System suitability solution and Standard solution
[Note—Identify the impurities using the relative retention times shown in Table 2.]
Suitability requirements:
Tailing factor: NMT 2.0 for each compound, Standard solution
Resolution: NLT 2 between albuterol and albuterol related compound B, System
suitability solution
Relative standard deviation: NMT 10.0% for each compound, Standard solution
Analysis
Samples: Standard solution, Sensitivity solution, and Sample solution
[Note—Identify the impurities using the relative retention times shown in Table 2.]
Calculate the percentage of levalbuterol related compound C in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of levalbuterol related compound C from the Sample solution
rS= peak response of levalbuterol related compound C from the Standard solution
C=
S concentration of USP Levalbuterol Related Compound C RS in the Standard solution
(mg/mL)
C=
U nominal concentration of albuterol in the Sample solution (mg/mL)
Calculate the percentage of levalbuterol related compound D in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of levalbuterol related compound D from the Sample solution
rS= peak response of the levalbuterol related compound D from the Standard solution
CS= concentration of USP Levalbuterol Related Compound D RS in the Standard solution
(mg/mL)
CU= nominal concentration of albuterol in the Sample solution (mg/mL)
Mr1
= molecular weight of levalbuterol related compound D free base, 237.29
Mr2
= molecular weight of levalbuterol related compound D, 395.47
Calculate the percentage of any other impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (M × Mr1/Mr2) × 100
rU= peak response of the impurity from the Sample solution
rS= peak response of albuterol from the Standard solution
CS= concentration of USP Albuterol Sulfate RS in the Standard solution (mg/mL)
CU= nominal concentration of albuterol in the Sample solution (mg/mL)
M = moles of albuterol per mole of albuterol sulfate, 2
Mr1
= molecular weight of albuterol, 239.31
Mr2
= molecular weight of albuterol sulfate, 576.70
Acceptance criteria: See Table 2. Disregard peaks eluting after levalbuterol related
compound C or with areas less than that of the Sensitivity solution.
Table 2

Name
Albuterol related compound Ba
Albuterol
Chloroalbuteronec
Chloroalbuterold
Albuterol related compound Ae
Levalbuterol related compound Df
Levalbuterol related compound Cg,h
Any other individual unspecified impurity

Relative
Retention
Time
0.88
1.0
1.7
2.5
2.7
3.2
3.5
—

Acceptance
Criteria,
NMT (%)
—b
—
—b
—b
—b
0.1
0.4
0.2
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a 2-(tert-Butylamino)-1-[4-hydroxy-3-(hydroxymethyl)phenyl]ethanone.
b Process impurity included in the table for identification only. Process impurities are
controlled in the drug substance, and are not to be reported or included in the total
impurities for the drug product.
c 2-(tert-Butylamino)-1-[3-chloro-4-hydroxy-5-(hydroxymethyl)phenyl]ethanone.
d 4-[2-(tert-Butylamino)-1-hydroxyethyl ]-2-chloro-6-(hydroxymethyl)phenol.
e 4-{2-[(1,1-Dimethylethyl)amino]-1-hydroxyethyl}-2-methylphenol.
f 5-[2-{(1,1-Dimethylethyl)amino}-1-hydroxyethyl]-2-hydroxy-benzaldehyde.
g -[{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-(methoxymethyl)benzenemethanol.
h Disregard peaks eluting after levalbuterol related compound C.
• Organic Impurities, Procedure 2
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with hydrochloric acid
to a pH of 3.0.
Mobile phase: Methanol and Buffer (30:70)
Diluent: Methanol and Buffer (5:95)
Peak identification solution: 2.4 µg/mL of USP Albuterol Sulfate RS and 1.0 µg/mL each of
USP Levalbuterol Related Compound D RS and USP Levalbuterol Related Compound C RS in
Diluent
Standard solution: 2.4 µg/mL of USP Albuterol Sulfate RS and 1.0 µg/mL of USP Albuterol
Related Compound E RS in Diluent
Sensitivity solution: 0.06 µg/mL of USP Albuterol Sulfate RS in Diluent from Standard
solution
Sample solution: Transfer an amount of powder from NLT 20 Tablets to a suitable
volumetric flask to obtain a solution with a final concentration of 0.2 mg/mL of albuterol.
Add 70% of the flask volume of Diluent, and sonicate for 10 min. Stir for 30 min, and dilute
with Diluent to volume. Pass the solution though a glass fiber or equivalent filter of 1-µm
pore size, and discard the first 3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L11
Flow rate: 0.7 mL/min
Injection volume: 80 µL
Run time: 5 times the retention time of albuterol
System suitability
Sample: Standard solution
Suitability requirements:
Tailing factor: NMT 2.0 for each compound
Relative standard deviation: NMT 10.0% for each compound
Analysis
Samples: Standard solution, Peak identification solution, Sensitivity solution, and Sample
solution
Calculate the percentage of albuterol related compound E in the portion of Tablets
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taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of albuterol related compound E from the Sample solution
rS= peak response of albuterol related compound E from the Standard solution
C=
S concentration of USP Albuterol Related Compound E RS in the Standard solution
(mg/mL)
C=
U nominal concentration of albuterol in the Sample solution (mg/mL)
Calculate the percentage of any other impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (M × Mr1/Mr2) × 100
rU= peak response of the impurity from the Sample solution
rS= peak response of albuterol from the Standard solution
CS= concentration of USP Albuterol Sulfate RS in the Standard solution (mg/mL).
CU= nominal concentration of albuterol in the Sample solution (mg/mL)
M = moles of albuterol per mole of albuterol sulfate, 2
Mr1
= molecular weight of albuterol, 239.31
Mr2
= molecular weight of albuterol sulfate, 576.70
Acceptance criteria See Table 3. Disregard the levalbuterol related compound C peak and
any peak eluting before it. Disregard peaks with areas less than that of the Sensitivity
solution.
Table 3

Compound

Relative
Retention
Time
1.0
1.79
1.83
3.67
—
—

Acceptance
Criteria,
NMT (%)
—
—
—
0.5
0.2
1.5b

Albuterol
Levalbuterol related compound C
Levalbuterol related compound D
Albuterol related compound Ea
Any other individual unspecified impurity
Total impurities
a 2,2'-Oxybis(methylene)bis{4-[2-(tert-butylamino)-1-hydroxyethyl]phenol}.
b From the sum of the impurities in Procedure 1 and Procedure 2
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
• USP Reference Standards 11
USP Albuterol Sulfate RS
USP Albuterol Related Compound B RS
2-(tert-Butylamino)-1-[4-hydroxy-3-(hydroxymethyl)phenyl]ethanone.
C13 H19 NO3
237.29
USP Albuterol Related Compound E RS
2,2¢-Oxybis(methylene)bis{4-[2-(tert-butylamino)-1-hydroxyethyl]phenol}.
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C26 H40 N2 O5
460.61
USP Levalbuterol Related Compound C RS
-[{(1,1-Dimethylethyl)amino}methyl]-4-hydroxy-3-(methoxymethyl)benzenemethanol.
C14 H23 N03
253.34
USP Levalbuterol Related Compound D RS
5-[2-{(1,1-Dimethylethyl)amino}-1-hydroxyethyl]-2-hydroxy-benzaldehyde
benzenesulfonic acid salt.
C13 H19 NO3 ·C6 H6 SO3
395.47
2S (USP36)

BRIEFING
Aminobenzoic Acid, USP 35 page 2166. As part of the USP monograph modernization effort,
the following revisions are proposed:
1.
The current nonspecific titration Assay method is replaced with a validated stabilityindicating HPLC procedure. The acceptance criterion in the Definition has been
changed from “NLT 98.5% and NMT 101.5%” to “NLT 98.0% and NMT 102.0%”,
which is typical for chromatographic procedures.
2.
The current UV Identification test B is replaced with a retention time agreement based
on the Assay.
3.
The test for Volatile Diazotizable Substances is replaced with a GC procedure for Limit
of Aniline and p-Toluidine, adopted from the current monograph for 4-Aminobenzoic
Acid in the European Pharmacopoeia.
4.
The Ordinary Impurities procedure is replaced with an HPLC Organic Impurities
procedure, adopted from the current monograph for 4-Aminobenzoic Acid in the
European Pharmacopoeia.
5.
The test for Melting Range or Temperature is deleted.
The chromatographic procedure in the Assay is based on analyses performed with the Agilent
Eclipse XDB Phenyl brand of L11 column. The typical retention time for aminobenzoic acid is
about 6 min. The chromatographic procedure in the test for Organic Impurities is based on
analyses performed with the Hypersil MOS brand of L7 column. The typical retention time for
aminobenzoic acid is about 3 min. The chromatographic procedure in the test for Limit of
Aniline and p-Toluidine is based on analyses performed with the Agilent HP 5 brand of G27
column. The typical retention times for aniline and p-toluidine are about 4.3 and 5.3 min,
respectively.
(SM3: A. Martin-Esker, F. Mao.)
Correspondence Number—C88969

Comment deadline: September 30, 2012
Aminobenzoic Acid
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C7 H7 NO2

137.14

Benzoic acid, 4-amino;
p-Aminobenzoic acid
[150-13-0].
DEFINITION
Change to read:
Aminobenzoic Acid contains NLT 98.5% and NMT 101.5%
NLT 98.0% and NMT 102.0% 2S (USP36)
of aminobenzoic acid (C7 H7 NO2 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Sample solution: 5 µg/mL in 0.001 N sodium hydroxide
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
ASSAY
Change to read:
• Procedure
Sample: 250 mg
Analysis: Proceed as directed under Nitrite Titration 451 . Each mL of 0.1 M sodium
nitrite is equivalent to 13.71 mg of C7 H7 NO2 .
Acceptance criteria: 98.5%–101.5%, on the dried basis
Acetic acid solution: Glacial acetic acid and water (1:69)
Mobile phase: Methanol and Acetic acid solution (15:85)
Standard solution: 0.1 mg/mL of USP Aminobenzoic Acid RS in Mobile phase. Sonicate
to aid dissolution.
Sample solution: 0.1 mg/mL of Aminobenzoic Acid in Mobile phase. Sonicate to aid
dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.0-mm × 15-cm; 3.5-µm packing L11
Flow rate: 0.4 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing: NMT 1.5
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Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of aminobenzoic acid (C7 H7 NO2 ) in the portion of
Aminobenzoic Acid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis

2S (USP36)

IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Delete the following:
• Volatile Diazotizable Substances
Standard stock solution: 10 mg of p-toluidine in 5 mL of methanol in a 100-mL volumetric
flask, and dilute with water to volume
Standard solution: Transfer 1 mL of Standard stock solution to a 100-mL volumetric flask,
and dilute with water to volume
Sample solution: Transfer 5.0 g of Aminobenzoic Acid to a suitable flask, and add a volume
of 1.25 N sodium hydroxide that is just sufficient to dissolve the sample and to render the
solution just alkaline to phenolphthalein TS. Dilute with water to 50 mL, and steam-distill
the solution, collecting 95 mL of the distillate in a 100-mL volumetric flask. Dilute with
water to volume
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Cell: 1 cm
Analytical wavelength: wavelength of maximum absorbance at about 450 nm
Analysis
Samples: Blank, Standard solution, and Sample solution
Transfer 20.0-mL portions of the Standard solution and the Sample solution to separate
100-mL beakers, and transfer 20.0 mL of water to a third 100-mL beaker to provide the
blank. Treat each as follows. Add 5.0 mL of 1 N hydrochloric acid, and cool in an ice
bath. Add 2.0 mL of 0.1 M sodium nitrite dropwise, with stirring, allow to stand for 5 min
for the diazotization reaction to be complete, add quickly to 10.0 mL of a cold solution
of guaiacol (freshly prepared by dissolving 0.20 g of guaiacol in 100 mL of 1 N sodium
hydroxide), and allow to stand for 30 min.
Acceptance criteria: The absorbance of the solution obtained from the Sample solution
does not exceed that of the solution obtained from the Standard solution, corresponding
to NMT 0.002% of volatile diazotizable substances, as p-toluidine. 2S (USP36)
Add the following:
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Add the following:
• Organic Impurities
Solution A: Acetonitrile and methanol (70:80)
Buffer: 1.5 g/L of monobasic potassium phosphate and 2.5 g/L of octanesulfonic acid
sodium salt in water. Adjust with phosphoric acid to a pH of 2.2.
Mobile phase: Solution A and Buffer (20:80)
Standard solution: 0.5 µg/mL each of USP Benzocaine RS and 4-nitrobenzoic acid in
Mobile phase
Sample solution: 0.25 mg/mL of Aminobenzoic Acid in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.0-mm × 15-cm; 5-µm packing L7
Flow rate: 1.0 mL/min
Injection volume: 20 µL
Run time: 11 times the retention time of the aminobenzoic acid peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 4-nitrobenzoic acid or any unspecified impurity in the portion
of Aminobenzoic Acid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 4-nitrobenzoic acid or any unspecified impurity from the Sample
solution
rS= peak response of 4-nitrobenzoic acid from the Standard solution
C=
S concentration of 4-nitrobenzoic acid in the Standard solution (mg/mL)
C=
U concentration of Aminobenzoic Acid in the Sample solution (mg/mL)
Calculate the percentage of benzocaine in the portion of Aminobenzoic Acid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzocaine from the Sample solution
rS= peak response of benzocaine from the Standard solution
C=
S concentration of USP Benzocaine RS in the Standard solution (mg/mL)
C=
U concentration of Aminobenzoic Acid in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peaks less than 0.02%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Aminobenzoic acid
1.0
—
4-Nitrobenzoic acid
4.0
0.2
Benzocaine
9.0
0.2
Any individual unspecified impurity
—
0.1
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Total impurities

—

0.5

2S (USP36)

Delete the following:
• Ordinary Impurities 466
Standard solution and Sample solution: Alcohol
Eluant: A mixture of toluene, ethyl acetate, and alcohol (60:20:20), in a nonequilibrated
chamber
Visualization: 1 2S (USP36)
Add the following:
• Limit of Aniline and p-Toluidine
Diluent: 84 g/L of sodium hydroxide in water
Standard solution: 1.0 µg/mL each of aniline and p-toluidine in methylene chloride
Sample solution: Dissolve 1 g of Aminobenzoic Acid in 10.0 mL of Diluent, and extract with
two quantities each of 10.0 mL of methylene chloride. Combine, and wash with 5 mL of
water. Filter through anhydrous sodium sulfate, and wash the filter with methylene
chloride. Evaporate in a water bath at 50 –60 to obtain a volume of about 1–5 mL.
Transfer to a 10-mL volumetric flask, and dilute with methylene chloride to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused silica capillary, coated with a 0.5-µm film of phase G27
Temperatures
Injection port: 280
Detector: 300
Column: See Table 2.
Table 2
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
130
0
130
4
130
20
180
5
Carrier gas: Helium
Flow rate: 1.0 mL/min
Injection volume: 2 µL
Split ratio: 1:10
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for aniline and p-toluidine are about 0.8 and 1.0,
respectively.]
Calculate the percentage of aniline and p-toluidine in the portion of Aminobenzoic Acid
taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of the corresponding impurity from the Standard solution
C=
S concentration of the corresponding impurity in the Standard solution (mg/mL)
C=
U concentration of Aminobenzoic Acid in the Sample solution (mg/mL)
Acceptance criteria
Aniline: NMT 10 ppm
p-Toluidine: NMT 10 ppm
2S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 186 –189

2S (USP36)

• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 0.2%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Aminobenzoic Acid RS
USP Benzocaine RS
Benzoic acid, 4-amino-, ethyl ester.
C9 H11 NO2
165.19 2S (USP36)
BRIEFING
Bethanechol Chloride, USP 35 page 2350. As part of the USP monograph modernization effort,
it is proposed to revise the monograph as follows:
1.
Replace two nonspecific wet chemistry Identification tests with an Identification test
based on an HPLC retention time match using the existing Assay. The Identification
tests are renamed accordingly.
2.
Delete the test for Content of Chloride. The Assay and Identification test C are
sufficient to ensure that a suitable quantity of chloride as bethanechol chloride is
present.
3.
Additionally, the monograph is updated to be consistent with the current USP style.
These updates include moving the relative response factor in the test for Organic
Impurities from the numerator to the denominator.
(SM4: H. Joyce.)
Correspondence Number—C115929

Comment deadline: September 30, 2012
Bethanechol Chloride
Change to read:
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Change to read:

C7 H17 ClN2 O2
196.67
196.68 2S (USP36)

1-Propanaminium, 2-(aminocarbonyl)oxy-N,N,N-trimethyl-, chloride, (±)-;
1-Propanaminium, 2-[(aminocarbonyl)oxy]-N,N,N-trimethyl-, chloride, (±)-;
(±)-(2-Hydroxypropyl)trimethylammonium chloride carbamate

2S (USP36)

[590-63-6].

DEFINITION
Bethanechol Chloride contains NLT 98.0% and NMT 101.5% of bethanechol chloride
(C7 H17 ClN2 O2 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Change to read:
• B. Procedure
Sample solution: 25 mg/mL of bethanechol chloride in water
Analysis: Add 0.1 mL of 10 mg/mL of cobaltous chloride in water to 2 mL of Sample
solution. Then add 0.1 mL of Potassium Ferrocyanide TS.
Acceptance criteria: An emerald-green color is produced, and almost entirely fades in 5–
10 min (as distinguished from choline chloride, which gives the same reaction but the
color does not fade).
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
Delete the following:
• C. Procedure
Sample solution: 10 mg/mL of bethanechol chloride in water
Analysis: Add 0.1 mL of Iodine TS to 1 mL of Sample solution.
Acceptance criteria: A brown precipitate is formed, and it rapidly changes to a dark olivegreen color. 2S (USP36)
Change to read:
• D.
C. 2S (USP36)
Identification Tests—General, Chloride
ASSAY
Change to read:
• Procedure

191 : Meets the requirements
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Buffer: 29 mg/L of edetic acid in a solution prepared as follows. Transfer a portion of
edetic acid to a suitable volumetric flask. Dissolve in water, using 50% of the final flask
volume. Add 0.3 mL of nitric acid per L, and dilute with water to volume.
Mobile phase: Acetonitrile and Buffer (5:95)
System suitability solution: 0.1 mg/mL of bethanechol chloride in a solution prepared as
follows. Transfer a portion of bethanechol chloride to a suitable volumetric flask. Add 4%
of the final flask volume of 0.1 N sodium hydroxide, and allow to stand for 15 min. Add 4%
of the final flask volume of 0.1 N hydrochloric acid. Dissolve in and dilute with Mobile
phase to volume.
Standard solution: 0.1 mg/mL of USP Bethanechol Chloride RS in Mobile phase
Sample solution: 0.1 mg/mL of Bethanechol Chloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Column: 3.9-mm × 15.0-cm; packing L55
Temperatures
Detector: 35
Column: 30
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 0.8 between 2-hydroxypropyltrimethyl ammonium chloride
desacetyl methacholine 2S (USP36)
and bethanechol chloride, System suitability solution
Tailing factor: NMT 3.5, Standard solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of bethanechol chloride (C7 H17 ClN2 O2 ) in the portion of
Bethanechol Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Bethanechol Chloride RS in the Standard solution (mg/mL)
C=
U concentration of Bethanechol Chloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–101.5% on the dried basis
OTHER COMPONENTS
Delete the following:
• Content of Chloride
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Sample: 400 mg, previously dried
Analysis: Dissolve Sample in 30 mL of water. Add 40.0 mL of 0.1 N silver nitrate VS, then
add 3 mL of nitric acid and 5 mL of nitrobenzene. Shake for a few min, add 2 mL of Ferric
Ammonium Sulfate TS, and titrate the excess silver nitrate with 0.1 N ammonium
thiocyanate VS. Each mL of 0.1 N silver nitrate is equivalent to 3.545 mg of Cl.
Acceptance criteria: 17.7%–18.3% 2S (USP36)
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method I 231
Sample solution: Dissolve 667 mg of Bethacholine Chloride in 10 mL of water, add 2 mL of
1 N acetic acid, and dilute with water to 25 mL.
Acceptance criteria: NMT 30 ppm
Change to read:
• Related Compounds
Organic Impurities 2S (USP36)
Buffer: 0.48 g/L of methanesulfonic acid in water
Mobile phase: Acetonitrile and Buffer (5:95)
System suitability solution: 0.1 mg/mL of bethanechol chloride in a solution prepared as
follows. Transfer a portion of bethanechol chloride to a suitable volumetric flask. Add 4%
of the final flask volume of 0.1 N sodium hydroxide, and allow to stand for 15 min. Add 4%
of the final flask volume of 0.1 N hydrochloric acid. Dissolve in and dilute with Mobile
phase to volume.
Standard solution: 1 µg/mL of USP Bethanechol Chloride RS in Mobile phase
Sample solution: 0.1 mg/mL of Bethanechol Chloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Column: 3.9-mm × 15.0-cm; packing L55
Temperatures
Detector: 35
Column: 30
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 0.8 between 2-hydroxypropyltrimethyl ammonium chloride
desacetyl methacholine 2S (USP36)
and bethanechol chloride, System suitability solution
Relative standard deviation: NMT 10.0% for bethanechol chloride, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of each impurity in the portion of Bethanechol Chloride taken:
Result = (rU/rS) × (CS/CU) × (
1/ 2S (USP36)
F) × 100
rU= peak response of any impurity from the Sample solution
rS= peak response of bethanechol chloride from the Standard solution
C=
S concentration of USP Bethanechol Chloride RS in the Standard solution (mg/mL)
C=
U concentration of Bethanechol Chloride in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
2-hydroxypropyltrimethyl ammonium chloride
0.79
Desacetyl methacholinea 2S (USP36)
0.9
1.2 2S (USP36)
1.0
Bethanechol chloride
1.0
—
—
Any individual unspecified impurity
—
1.0
0.1
Total impurities
—
—
1.5
a 2-Hydroxypropyltrimethyl ammonium chloride. 2S (USP36)
SPECIFIC TESTS
• pH 791
Sample solution: 10 mg/mL of Bethanechol Chloride in water
Acceptance criteria: 5.5–6.5
• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 1.0%.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Bethanechol Chloride RS
BRIEFING
Bethanechol Chloride Injection, USP 35 page 2351. As part of USP monograph modernization
efforts, it is proposed to revise the monograph as follows:
1.
Replace two nonspecific wet chemistry Identification tests with an Identification test
based on HPLC retention time match using the existing Assay, and rename the
Identification tests accordingly.
2.
Delete the criterion for column efficiency from the Assay and by cross reference from
the test for Organic Impurities. The remaining criteria are adequate to evaluate

PF 38(4): Jul.-Aug. 2012

168

system suitability.
3.
Delete the 2-Hydroxypropyltrimethyl ammonium chloride solution preparation in Organic
Impurities. The System suitability solution from the Assay and by cross reference
from the test for Organic Impurities is sufficient to identify the desacetyl
methacholine peak.
4.
Additionally, the monograph is updated to be consistent with the current USP style.
(SM4: H. Joyce.)
Correspondence Number—C115929

Comment deadline: September 30, 2012
Bethanechol Chloride Injection
DEFINITION
Bethanechol Chloride Injection is a sterile solution of Bethanechol Chloride in Water for
Injection. It contains NLT 95.0% and NMT 105.0% of the labeled amount of bethanechol
chloride (C7 H17 ClN2 O2 ).
IDENTIFICATION
Change to read:
• A. Procedure
Sample solution: Nominally 25 mg/mL of bethanechol chloride from the Injection in water
Analysis: Add 0.1 mL of 10 mg/mL of cobaltous chloride in water to 2 mL of Sample
solution. Then add 0.1 mL of Potassium Ferrocyanide TS.
Acceptance criteria : An emerald-green color is produced, and almost entirely fades in 5–
10 min (as distinguished from choline chloride, which gives the same reaction but the
color does not fade).
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
Delete the following:
• B. Procedure
Sample solution: Nominally 10 mg/mL of bethanechol chloride from the Injection in water
Analysis: Add 0.1 mL of Iodine TS to 1 mL of Sample solution.
Acceptance criteria: A brown precipitate is formed, and it rapidly changes to a dark olivegreen color. 2S (USP36)
Change to read:
• C
B. 2S (USP36)
Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Mobile phase: 20 mM methanesulfonic acid
Diluent: 0.1 mg/mL of calcium chloride and 0.1 mg/mL of magnesium chloride in water
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System suitability solution: 1 mg/mL of USP Bethanechol Chloride RS in solution prepared
as follows. Transfer a portion of USP Bethanechol Chloride RS to a suitable volumetric
flask. Add 60% of the final volume of water, 8% of the final volume of Diluent, and 2% of
the final volume of 0.1 N of sodium hydroxide. Dilute with water to volume.
Standard solution: 1.0 mg/mL of USP Bethanechol Chloride RS in water
Sample solution: Nominally 1.0 mg/mL of bethanechol chloride from a volume of Injection
in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Column: 4-mm × 25-cm; packing L53
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: System suitability solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between the calcium ion and 2-hydroxypropyltrimethyl ammonium
chloride
desacetyl methacholine 2S (USP36)
Column efficiency: NLT 350 theoretical plates for bethanechol
2S (USP36)

Tailing factor: NMT 4.5
for bethanechol chloride 2S (USP36)
Relative standard deviation: NMT 2.0%
for bethanechol chloride 2S (USP36)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of bethanechol chloride (C7 H17 ClN2 O2 ) in
each mL of the Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Bethanechol Chloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0%
IMPURITIES
Change to read:
• Limit of 2-Hydroxypropyltrimethyl Ammonium Chloride
Organic Impurities 2S (USP36)
Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
2-Hydroxypropyltrimethyl ammonium chloride solution: Transfer a portion of
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bethanechol chloride to a suitable volumetric flask equivalent to 1 mg/mL of bethanechol
chloride. Dissolve in 0.1 N sodium hydroxide, using 80% of the final volume. Sonicate until
fully dissolved. Dilute with 0.1 N sodium hydroxide to volume and allow to stand for 5
days to allow adequate time for conversion from bethanechol to 2-hydroxypropyltrimethyl
ammonium chloride.
System suitability
Samples: System suitability solution and 2-Hydroxypropyltrimethyl ammonium
chloride solution
Use 2-Hydroxypropyltrimethyl ammonium chloride solution to verify the presence and
location of the peak for 2-Hydroxypropyltrimethyl ammonium chloride. See Table 1 for
the other relative retention times.
Suitability requirements
Resolution: NLT 2.0 between the calcium ion and 2-hydroxypropyltrimethyl
ammonium
Column efficiency: NLT 350 theoretical plates for bethanechol
Tailing factor: NMT 4.5 for bethanechol chloride, System suitability solution
Relative standard deviation: NMT 2.0% for bethanechol chloride, System
suitability solution
Mobile phase, Diluent, System suitability solution, Standard solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay. 2S (USP36)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 2-hydroxypropyltrimethyl ammonium chloride
desacetyl methacholine 2S (USP36)
in each mL of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of 2-hydroxypropyltrimethyl ammonium chloride
desacetyl methacholine 2S (USP36)
from the Sample solution
rS= peak response of bethanechol chloride from the Standard solution
C=
S concentration of USP Bethanechol Chloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of bethanechol chloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Sodiuma
Magnesiuma
Calciuma
2-Hydroxypropyltrimethyl ammonium chloride
Desacetyl methacholineb 2S (USP36)

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
1.0
—
1.4
—
1.6
—
2.0

4.0
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Bethanechol chloride
2.8
a Included for identification purposes only.
b 2-Hydroxypropyltrimethyl ammonium chloride. 2S (USP36)

—

SPECIFIC TESTS
• Bacterial Endotoxins Test
chloride
• pH

85 : NMT 25.0 USP Endotoxin Units/mg of bethanechol

791 : 5.5–7.5

• Other Requirements: It meets the requirements in Injections

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass.
• USP Reference Standards 11
USP Bethanechol Chloride RS
USP Endotoxin RS
BRIEFING
Bethanechol Chloride Tablets, USP 35 page 2353. As part of the USP monograph
improvement efforts, it is proposed to revise this monograph by adding a second
Identification test based on HPLC retention time agreement using the existing Assay and by
updating the monograph to be consistent with the current USP style. These updates include
moving the relative response factor in the test for Organic Impurities from the numerator to
the denominator and adding a formula to the Dissolution test.
(SM4: H. Joyce.)
Correspondence Number—C115930

Comment deadline: September 30, 2012
Bethanechol Chloride Tablets
DEFINITION
Bethanechol Chloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
bethanechol chloride (C7 H17 ClN2 O2 ).
IDENTIFICATION
Change to read:
•
A. 2S (USP36)
Infrared Absorption 197M
Sample: Nominally 100 mg of bethanechol chloride from a suitable portion of pulverized
Tablets prepared as follows. Pulverize a portion of Tablets equivalent to 100 mg of
bethanechol chloride. Add 15 mL of ether, and allow to digest for 15 min. Decant the
ether, again extract the residue with 10 mL of ether, and discard the ether extracts. Add
30 mL of alcohol to the residue. Shake for 10 min, and allow to stand for 1 h with frequent
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agitation. Filter with suction, and evaporate the filtrate on a steam bath to dryness: the
bethanechol chloride so obtained is recrystallized from alcohol and dried at 105 for 2 h.
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
ASSAY
Change to read:
• Procedure
Buffer: 29 mg/L of edetic acid in solution prepared as follows. Transfer a portion of edetic
acid to a suitable volumetric flask. Dissolve with water, using 50% of the final volume. Add
0.3 mL of nitric acid per L, and dilute with water to volume.
Mobile phase: Acetonitrile and Buffer (5:95)
System suitability solution: 0.1 mg/mL of bethanechol chloride in solution prepared as
follows. Transfer a portion of bethanechol chloride to a suitable volumetric flask. Add 4%
of the final volume of 0.1 N sodium hydroxide, and allow to stand for 15 min. Add 4% of
the final volume of 0.1 N hydrochloric acid. Dissolve in and dilute with Mobile phase to
volume.
Standard solution: 0.1 mg/mL of USP Bethanechol Chloride RS in Mobile phase
Sample solution: Nominally 0.1 mg/mL of bethanechol chloride from a suitable amount of
powdered Tablets in solution prepared as follows. Add a portion of fine powder, equivalent
to 1 Tablet, from NLT 20 Tablets to a suitable volumetric flask. Dissolve in Mobile phase,
using 60%–70% of the final volume. Sonicate for 20 min. Shake by mechanical means for
15 min. Dilute with Mobile phase to volume, and mix. Allow to stand for 10 min, and pass
through a 1-µm glass filter, discarding the first 3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Column: 3.9-mm × 15.0-cm; packing L55
Temperatures
Detector: 35
Column: 30
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 0.8 between 2-hydroxypropyltrimethyl ammonium chloride
desacetyl methacholine 2S (USP36)
and bethanechol chloride, System suitability solution
Tailing factor: NMT 3.5, Standard solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of bethanechol chloride (C7 H17 ClN2 O2 ) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Bethanechol Chloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Buffer, Mobile phase, and System suitability solution: Proceed as directed in the Assay.
Standard solution: USP Bethanechol Chloride RS in Medium at a concentration
corresponding to the Sample solution
(L/900) mg/mL of USP Bethanechol Chloride RS in Medium, where L is the label claim in
mg/Tablet 2S (USP36)
Sample solution: Sample per Dissolution 711 .
A portion of solution under test 2S (USP36)
Chromatographic system and System suitability: Proceed as directed in the Assay,
except for the following parameters:
Injection volumes
For the System suitability solution: 50 µL
For the Standard solution and Sample solution: 100 µL
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount (Q) of bethanechol chloride
(C7 H17 ClN2 O2 ) dissolved: based on the peak responses obtained from the Sample solution
and the Standard solution.
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Bethanechol Chloride RS in the Standard solution (mg/mL)
V= volume of the Medium, 900 mL
L= label claim (mg/Tablet) 2S (USP36)
Tolerances: NLT 80% (Q) of the labeled amount of bethanechol chloride (C7 H17 ClN2 O2 ) is
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dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Buffer: 0.48 g/L of methanesulfonic acid in water
Mobile phase: Acetonitrile and Buffer (5:95)
System suitability solution: 0.1 mg/mL of bethanechol chloride in solution prepared as
follows. Transfer the bethanechol chloride to a suitable volumetric flask. Add 4% of the
final volume of 0.1 N sodium hydroxide, and allow to stand for 15 min. Add 4% of the final
volume of 0.1 N hydrochloric acid. Dissolve in and dilute with Mobile phase to volume.
Standard solution: 1 µg/mL of USP Bethanechol Chloride RS in Mobile phase
Sample solution: Nominally 0.1 mg/mL of bethanechol chloride from a suitable amount of
powdered Tablets in solution prepared as follows. Add a portion of fine powder, equivalent
to 1 Tablet, from NLT 20 Tablets to a suitable volumetric flask. Dissolve in Mobile phase,
using 60%–70% of the final volume. Sonicate for 20 min. Shake by mechanical means for
15 min. Dilute with Mobile phase to volume, and mix. Allow to stand for 10 min, and pass
through a 1-µm glass filter, discarding the first 3 mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Column: 3.9-mm × 15.0-cm; packing L55
Temperatures
Detector: 35
Column: 30
Flow rate: 1 mL/min
Injection size: 50 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 0.8 between 2-hydroxypropyltrimethyl ammonium chloride
desacetyl methacholine 2S (USP36)
and bethanechol chloride, System suitability solution
Relative standard deviation: NMT 10.0% for bethanechol chloride, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (
1/ 2S (USP36)
F) × 100
rU= peak response for any impurity in the Sample solution
rS= peak response of bethanechol chloride from the Standard solution
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C=
S concentration of USP Bethanechol Chloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of bethanechol chloride in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria
Table 1

Name
2-Hydroxypropyltrimethyl ammonium chloride
Desacetyl methacholinea 2S (USP36)
Bethanechol chloride
Any other impurity
Any unspecified degradation product
2S (USP36)

Total impurities
a 2-Hydroxypropyltrimethyl ammonium chloride.

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.79

0.9
1.0
—
—

1.2

—

1.0
—

1.0
—

0.2
1.5

2S (USP36)

2S (USP36)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Bethanechol Chloride RS
BRIEFING
Butalbital, USP 35 page 2413. It is proposed to modernize the monograph with the following
changes:
1.
Replace the titration procedure for the Assay with a stability-indicating HPLC procedure.
This proposed procedure was validated using a Columbus C18 brand of L1 column
manufactured by Phenomenex. The typical retention time for butalbital is 8.3 min.
2.
Replace the ultraviolet absorption procedure in Identification test B with an HPLC
retention time agreement from the proposed Assay. The proposed test is orthogonal
to the existing Infared Absorption procedure in Identification test A.
3.
Replace the current TLC procedure for Organic Impurities which includes the use of
chloroform with a stability-indicating HPLC procedure. This proposed HPLC procedure
was based on analyses using an Acclaim Mixed-Mode WAX-1 brand of L## column
manufactured by Dionex. The typical retention time for butalbital is 13.8 min. The
proposed limits are based on ICH guidelines for any unspecified impurity and the
existing official limit for total impurities (NMT 1%).
4.
Omit the test for Melting Range or Temperature. The proposed test for Organic
Impurities provides sufficient information to determine the purity of the product.
5.
Add USP Salicylic Acid RS and USP Butabarbital RS to the USP Reference Standards
section to support the proposed Assay and Organic Impurities procedures,
respectively.
6.
Additionally, the monograph is being updated to be consistent with current USP style.
(SM4: R. Ravichandran, H. Joyce.)
Correspondence Number—C88971

11
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Comment deadline: September 30, 2012
Butalbital

C11 H16 N2 O3

224.26

2,4,6(1H,3H,5H)-Pyrimidinetrione, 5-(2-methylpropyl)-5-(2-propenyl)-;
5-Allyl-5-isobutylbarbituric acid
[77-26-9].
DEFINITION
Butalbital contains NLT 98.0% and NMT 102.0% of butalbital (C11 H16 N2 O3 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Delete the following:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 246 nm
Sample solution: 15 µg/mL in 0.1 N sodium hydroxide
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 2.5%. 2S (USP36)
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
ASSAY
Change to read:
• Procedure
Sample: 180 mg of Butalbital
Solution A: alcohol and 30 g/L of sodium carbonate in water (50:50)
Blank: 50 mL of Solution A
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N Silver Nitrate VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 50 mL of Solution A and titrate with Titrant.
Calculate the percentage of butalbital (C11 H16 N2 O3 ) in the portion of Butalbital taken.
Buffer: 1.0 mL of phosphoric acid diluted with water to 1 L
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Mobile phase: Acetonitrile and Buffer (25:75)
System suitability solution: 0.1 mg/mL each of USP Butalbital RS and USP Salicylic
Acid RS in Mobile phase. Sonication may be used to aid in dissolution.
Standard solution: 0.1 mg/mL of USP Butalbital RS in Mobile phase. Sonication may be
used to aid in dissolution.
Sample solution: 0.1 mg/mL of Butalbital in Mobile phase. Sonication may be used to
aid in dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times of salicylic acid and butalbital are 0.86 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 3.0 between salicylic acid and butalbital, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of butalbital (C11 H16 N2 O3 ) in the portion of Butalbital
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Butalbital RS in the Standard solution (mg/mL)
C=
U concentration of Butalbital in the Sample solution (mg/mL)
2S (USP36)

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Solution A: Chloroform and methanol (50:50)
Standard solution A: 40 mg/mL of USP Butalbital RS in Solution A
Standard solution B: 0.4 mg/mL of USP Butalbital RS from Standard solution A in Solution
A
Standard solution C: 0.2 mg/mL of USP Butalbital RS from Standard solution B in Solution
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A
Standard solution D: 0.1 mg/mL of USP Butalbital RS from Standard solution C in Solution
A
Sample solution: 40 mg/mL of Butalbital in Solution A
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Acetone, dichloromethane, methanol, and ammonium
hydroxide (50:30:10:10) equilibrated in a covered chromatographic chamber lined with
filter paper for 30 min
Spray reagent: Dissolve 5 g of potassium hydroxide in a mixture of 25 mL of water and
75 mL of alcohol.
Analysis
Samples: Standard solutions A, B, C, and D and Sample solution
Develop the chromatogram, using the Developing solvent system, until the solvent front
has moved about three-fourths of the length of the plate. Remove the plate from the
developing chamber, mark the solvent front, and dry the plate in a current of air. Spray
the plate with Spray reagent and dry in warm air for 10 min. Examine the
chromatograms under UV light.
Acceptance Criteria: The RF value of the principal spot of the Sample solution
corresponds to that of Standard solutions A, B, C, and D; the sum of the intensitities of
any secondary spots, if present in the chromatogram of the Sample solution is NMT 1%
of the principal spot from Standard solution A. [Note—The relative intensities of the
principal spots from Standard solution A, Standard solution B, Standard solution C, and
Standard solution D are 1, 0.01, 0.005, and 0.0025, respectively.]
Buffer: 4.1 g/L of monobasic potassium phosphate adjusted with 1 N sodium hydroxide to
a pH of 6.0
Mobile phase: Acetonitrile and Buffer (22:78)
System suitability solution: 10 µg/mL each of USP Butalbital RS and USP Butabarbital
RS in Mobile phase. Sonication may be used to aid in dissolution.
Sample solution: 1 mg/mL of Butalbital in Mobile phase. Sonication may be used to aid
in dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.6-mm × 15-cm; 5-µm packing L##
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times of butabarbital and butalbital are 0.83 and 1.0,
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respectively.]
Suitability requirements
Resolution: NLT 2.0 between butabarbital and butalbital
Tailing factor: NMT 1.5 for butalbital
Relative standard deviation: NMT 5.0% for butalbital
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Butalbital taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the peak responses from the Sample solution
Acceptance criteria
Any individual unspecified impurity: NMT 0.10%
Total impurities: NMT 1%
2S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 138 to 141

2S (USP36)

• Loss on Drying 731
Analysis: Dry under vacuum at room temperature to constant weight.
Acceptance criteria: NMT 0.2%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Butabarbital RS 2S (USP36)
USP Butalbital RS
USP Salicylic Acid RS 2S (USP36)
BRIEFING
Capsicum, USP 35 page 2475. On the basis of comments received, the following revisions are
proposed:
1.
Broaden the Definition to include other Capsicum species as sources for capsaicinoids.
2.
Add an HPTLC identification test.
3.
Add an HPLC assay for Content of Total Capsaicinoids based on the test for Content of
Capsaicin, Dihydrocapsaicin, and Other Capsaicinoids in the USP monograph for
Capsaicin.
4.
Specify a limit for nonivamide, commercially available from synthetic sources.
5.
Delete the test for Nonvolatile Ether-Soluble Extractive.
6.
Modify the section for Botanic Characteristics to account for various Capsicum species.
7.
Add tests for Pesticide Residues Analysis, Aflatoxins, Loss on Drying, and Total Ash.
8.
Add a USP Reference Standards section.
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9.
Analyses in the HPLC assay were performed with the Inertsil Ph brand of L11 column,
with end-capped, 5-µm, 150 A packing. The typical retention times observed for
nordihydrocapsaicin, nonivamide, capsaicin, dihydrocapsaicin, decanylvanillinamide,
and homocapsaicin are about 17.8, 18.9, 19.9, 25.3, 26.9, and 28.1 min,
respectively.
(DS: M. Sharaf.)
Correspondence Number—C115443

Comment deadline: September 30, 2012
Capsicum
DEFINITION
Change to read:
Capsicum is the dried ripe fruit of Capsicum frutescens L., known in commerce as African
chillies; or of Capsicum annuum L. var. connoides Irish, known in commerce as Tabasco
pepper; or of Capsicum annuum var. longum Sendt, known in commerce as Louisiana Long
Pepper; or of a hybrid between the Honka variety of Japanese Capsicum and the Old Louisiana
Sport Capsicum, known in commerce as Louisiana Sport Pepper (Fam. Solanaceae).
Capsicum is the dried ripe fruit of various Capsicum species (Fam. Solanaceae). It contains
NLT 0.3% of total capsaicinoids, calculated as the sum of capsaicin, dihydrocapsaicin,
nordihydrocapsaicin, nonivamide, decanylvanillinamide, and homocapsaicin; and the nonivamide
content is NMT 5% of the total capsaicinoids; all calculated on the dried basis. 2S (USP36)
IDENTIFICATION
Add the following:
• A. Thin-Layer Chromatography
Standard solution A: 0.4 mg/mL of USP Capsaicin RS in methanol
Standard solution B: 0.4 mg/mL of USP Dihydrocapsaicin RS in methanol
Sample solution: Shake for 5 min about 0.5 g of Capsicum, finely powdered, in 5 mL of
hexanes, and centrifuge. Use the supernatant.
Chromatographic system
Adsorbent: Chromatographic reversed-phase octadecyl silyl silica gel with an average
particle size of 5 µm (HPTLC plates)
Application volume: 2 µL, as 8-mm bands
Developing solvent system: A mixture of methanol and water (8:2)
Derivatization reagent A: 0.25 mg/mL of dichloroquinonechlorimide in ethyl acetate
Derivatization reagent B: Ammonium hydroxide solution
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable high-performance thin-layer chromatographic
plate. Use a saturated chamber, and condition the plate to a relative humidity of about
33% using a suitable device. Develop the chromatograms over a distance of 6 cm.
Remove the plate from the chamber, dry, derivatize with Derivatization reagent A, and
expose to vapors of Derivatization reagent B until blue bands develop. Examine under
white light.
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System suitability: Standard solution A shows a blue band at about one-third of the
chromatogram, and Standard solution B shows a blue band at an RF right below that from
Standard solution A.
Acceptance criteria: The Sample solution exhibits a blue band at about one-third of the
chromatogram, similar in position and color to the capsaicin band in the chromatogram of
Standard solution A, and exhibits a blue band at an RF right below that of capsaicin, similar
in position and color to the dihydrocapsaicin band in the chromatogram of Standard
solution B. Other bands may be observed in the Sample solution chromatogram. 2S (USP36)
Add the following:
• B. HPLC
Analysis: Proceed as directed in the test for Content of Total Capsaicinoids.
Acceptance criteria: The Sample solution chromatogram exhibits the main capsaicinoid
peak at the retention time corresponding to capsaicin in the chromatogram of Standard
solution A and a peak of lower intensity corresponding to dihydrocapsaicin in the
chromatogram of Standard solution B. The Sample solution chromatogram shows additional
minor peaks corresponding to nordihydrocapsaicin, nonivamide, decanylvanillinamide, and
homocapsaicin. 2S (USP36)
COMPOSITION
Add the following:
• Content of Total Capsaicinoids
Mobile phase: A mixture of acetonitrile and diluted phosphoric acid (1 in 1000) (2:3)
Standard solution A: 0.02 mg/mL of USP Capsaicin RS in methanol
Standard solution B: 0.01 mg/mL of USP Dihydrocapsaicin RS in methanol
Sample solution: To a glass centrifuge tube transfer about 0.5 g of Capsicum, powdered
and accurately weighed, add 30 mL of methanol, shake for 15 min, and centrifuge.
Transfer the supernatant to a 50-mL volumetric flask. To the residue add 10 mL of
methanol, shake for 5 min, and centrifuge. Transfer the supernatant to the volumetric
flask. Repeat the extraction one more time with 10 mL of methanol. Complete with
methanol to volume, and mix. Before injection, pass through a membrane filter of 0.45-µm
or finer pore size, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 281 nm
Column: 4.6-mm × 25-cm; end-capped, 5-µm, 150 A, packing L11
Flow rate: 1.0 mL/min
Column temperature: 30
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Sample solution
Suitability requirements
Resolution: NLT 1.5 between the capsaicin peak and the nonivamide peak occurring at
a retention time of 0.95 relative to 1.0 for capsaicin, Sample solution
Relative standard deviation: NMT 2.0% for the capsaicin peak in repeated injections,
Standard solution A
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Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the capsaicin and dihydrocapsaicin peaks in the Sample solution chromatogram by
comparison with the chromatograms of Standard solution A and Standard solution B,
respectively. Identify the peaks corresponding to nordihydrocapsaicin, nonivamide,
decanylvanillinamide, and homocapsaicin using the approximate relative retention times
provided in Table 1.
Table 1
Approximate
Relative
Retention
Analyte
Time
Nordihydrocapsaicin
0.89
Nonivamide
0.95
Capsaicin
1.00
Decanylvanillinamide
1.34
Homocapsaicin
1.40
Calculate the percentage of capsaicin in the portion of Capsicum taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of capsaicin from the Sample solution
rS= peak area of capsaicin from Standard solution A
C=
S concentration of capsaicin in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Capsicum taken to prepare the Sample solution (mg)
Calculate the percentage of dihydrocapsaicin in the portion of Capsicum taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of dihydrocapsaicin from the Sample solution
rS= peak area of dihydrocapsaicin from Standard solution B
C=
S concentration of dihydrocapsaicin in Standard solution B (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Capsicum taken to prepare the Sample solution (mg)
Calculate the percentage of nonivamide, expressed as capsaicin, in the portion of
Capsicum taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area of nonivamide from the Sample solution
rS= peak area of capsaicin from Standard solution A
C=
S concentration of capsaicin in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Capsicum taken to prepare the Sample solution (mg)
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Calculate the sum of the percentages of nordihydrocapsaicin, decanylvanillinamide, and
homocapsaicin, expressed as capsaicin, in the portion of Capsicum taken:
Result = (SrU/rS) × CS × (V/W) × 100
Sr=
U sum of peak areas of nordihydrocapsaicin, decanylvanillinamide, and homocapsaicin
from the Sample solution
rS= peak area of capsaicin from Standard solution A
CS= concentration of capsaicin in Standard solution A (mg/mL)
V = volume of the Sample solution (mL)
W= weight of Capsicum taken to prepare the Sample solution (mg)
Calculate the content of total capsaicinoids as the sum of the percentages of capsaicin,
dihydrocapsaicin, nordihydrocapsaicin, nonivamide, decanylvanillinamide, and
homocapsaicin.
Acceptance criteria: NLT 0.3% on the dried basis 2S (USP36)
CONTAMINANTS
Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.1 µg/g

233

2S (USP36)

Add the following:
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
Meets the requirements 2S (USP36)

561 :

Add the following:
• Articles of Botanical Origin, Test for Aflatoxins

561 : Meets the requirements

2S (USP36)

SPECIFIC TESTS
Add the following:
• Limit of Nonivamide
Analysis: Use the chromatograms and calculations obtained in the test for Content of
Total Capsaicinoids.
Calculate the content of nonivamide as a percentage of total capsaicinoids:
Result = (PN/PTC) × 100
PN= percentage of nonivamide as calculated in the Content of Total Capsaicinoids
PTC
= percentage of total capsaicinoids as calculated in the Content of Total Capsaicinoids
Acceptance criteria: NMT 5% on the dried basis 2S (USP36)
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Change to read:
• Botanic Characteristics
Macroscopic
Unground Capsicum: Occurs as oblong-conical fruits, often curved (Louisiana Long
Pepper), usually laterally compressed, from 10 to 25 mm in length and from 4 to 8 mm in
diameter (African Chillies), or up to 15 cm in length and 2.5 cm in diameter (Louisiana
Long Pepper), or up to 5.5 cm in length and up to 13 mm in diameter (Louisiana Sport
Pepper), or up to 4 cm in length and up to 9 mm in diameter (Tabasco Pepper). The fruit
is two to three locular, the dissepiments being united at the base to a conical, central
placenta. The pericarp is thin and membranous, its outer surface dark reddish brown to
dusky yellowish orange, glabrous, shriveled, its inner surface striate with two to three
distinct longitudinal ridges representing the parietal placentae; the seeds are light brown
to weak yellowish orange, suborbicular or irregular, flattened, from 2 to 4 mm in
diameter, with a thickened edge and a prominent, pointed micropyle. The calyx is
gamosepalous, inferior, five-toothed, and sometimes attached to a long, straight
peduncle. Capsicum has a characteristic odor, and is sternutatory.
Powdered Capsicum: A dark orange or dark reddish orange to strong yellowish brown
powder
Mature Capsicum fruit vary in length from a few cm to more than 10 cm; fruit diameter
ranges from a few mm to a few cm; shape varies from elongate, ellipse, almost round,
triangular, campanulate, tomato-like, or square (blocky); number of locules two, three, or
four; the dissepiments being united at the base to a conical, central placenta; calyx
margin is either entire, dentate, or intermediate dentate, and sometimes attached to a
long, straight pedicel; the presence of calyx annular constriction, at junction of calyx and
pedicel indicates Capsicum chinense; the seeds are light brown to weak yellowish-orange,
suborbicular or irregular, flattened, from 2–4 mm in diameter, with a thickened edge and a
prominent, pointed micropyle. 2S (USP36)
Microscopic
Unground Capsicum: The epicarp of Capsicum consists of mostly quadrangular or
rectangular cells up to 80 µm in length and up to 20 µm deep, arranged in regular rows,
with thickened and cutinized outer and radial walls, the surface of the cuticle finely
striated, the radial walls somewhat wavy (African Chillies), or of polygonal, quadrangular,
triangular, or irregular cells up to 76 µm in length and up to 30.5 µm deep (Tabasco
Pepper), or up to 125 µm in length and up to 38 µm deep (Louisiana Long Pepper), or up
to 76 µm in length and up to 38 µm deep (Louisiana Sport Pepper), with cuticularized
outer and radial walls, the latter usually prominently beaded. The mesocarp consists of
thin-walled parenchyma (African Chillies), or an outer hypodermis of tangentially
elongated collenchymatous cells (Louisiana Long Pepper and Tabasco Pepper), or of from
one to three rows of hypodermal cells with cuticularized walls (Louisiana Sport Pepper),
a broad middle zone of thin-walled parenchyma containing yellow to red chromoplasts,
oil droplets, and elaioplasts, occasionally microcrystals, and traversed by vascular
bundles, and an inner zone consisting of a layer of giant cells. The endocarp consists of
a layer of elongated cells, some of them very thin-walled and containing chromoplasts
and others in large oval areas with thickened, beaded, lignified walls. Epidermal cells of
the seed are irregular in outline and up to 342 µm in length, and have very sinuous,
contorted, lignified walls, the cells from the edge of the seed being much thicker walled
than those from the flat surface of the seed. The embryo is curved and embedded in the
endosperm, the latter consisting of small-celled parenchyma containing fixed oil droplets
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and aleurone grains.
Powdered Capsicum: It shows numerous fragments of thin-walled parenchyma
containing oil globules and orange, red, or yellow chromoplasts; and fragments of
epicarp with either striated, rectangular cells arranged in parallel series (African Chillies),
or with polygonal, triangular, or irregular cells, with or without beaded walls. The
endocarp contains stone cells with slightly wavy, lignified walls and broad lumina.
Numerous fragments of spermoderm composed of stone cells are present, showing in
surface view, deeply sinuate, greatly thickened and lignified vertical walls containing
numerous pore canals. Fragments of small-celled parenchyma of the endosperm
containing fixed oil and aleurone grains, the latter up to 5.5 µm in diameter, are also
present, as well as occasional fibrovascular elements and calyx tissues.
Powdered Capsicum shows fragments of epicarp cells, polygonal, triangular, rectangular, or
irregular cells, with or without beaded walls; numerous fragments of thin-walled
parenchyma cells of the pericarp containing oil globules and chromoplasts of the various
colors similar to the color of the fruits; fragments of sclerenchymatous cells of the
endocarp with slightly wavy, lignified walls and broad lumina, striations and pit canal
distinct, cells appear bright white under a polarizing microscope; fragments of epidermal
cells of testa, extremely thick wall, deeply sinuate, striations and pit canal distinct, cells
appear bright yellowish-white under a polarizing microscope; fragments of parenchyma
cells of the endosperm containing fixed oil and aleurone grains; and occasional
fibrovascular elements and calyx tissues. 2S (USP36)
• Articles of Botanical Origin, Foreign Organic Matter 561 : NMT 1%, other than stems
and calyces, the proportion of which does not exceed 3%
Delete the following:
• Nonvolatile Ether-Soluble Extractive
Analysis: Dry a sample of Capsicum, taken as directed under Articles of Botanical Origin
561 , Sampling, over phosphorus pentoxide for NLT 12 h. Extract 2.0 g of dried Capsicum
with anhydrous ether for 20 h in a continuous extraction apparatus. Transfer the ether
solution to a tared porcelain dish, and allow it to evaporate spontaneously. Dry the
residue, still in the tared dish, over phosphorus pentoxide for 18 h, and weigh to obtain
the weight of the total ether extractive. Then heat the dish gradually up to 105 , until a
constant weight is obtained.
Acceptance criteria: NLT 12% of nonvolatile ether-soluble extractive 2S (USP36)
Add the following:
• Loss on Drying 731
Sample: 1.0 g of finely powdered Capsicum
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 11%

2S (USP36)

Add the following:
• Articles of Botanical Origin, Total Ash

561 : NMT 10.0%

• Articles of Botanical Origin, Acid-Insoluble Ash
ADDITIONAL REQUIREMENTS

2S (USP36)

561 : NMT 1.25%
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• Packaging and Storage: Preserve in well-closed containers. A few drops of chloroform may
be added from time to time to prevent attack by insects.
• Labeling: Label each container to indicate which variety of Capsicum is contained therein.
Add the following:
• USP Reference Standards
USP Capsaicin RS
USP Dihydrocapsaicin RS

11

2S (USP36)

BRIEFING
Capsicum Oleoresin, USP 35 page 2476. On the basis of comments received, it is proposed to
make the following changes:
1.
Broaden the Definition to include other Capsicum species as sources for Capsicum
Oleoresin.
2.
Replace Identification test A with more specific HPTLC and HPLC identification tests.
3.
Replace the current Assay procedure with an HPLC assay for Content of Total
Capsaicinoids based on the test for Content of Capsaicin, Dihydrocapsaicin, and
Other Capsaicinoids in the USP monograph for Capsaicin.
4.
Specify a limit for nonivamide, commercially available from synthetic sources.
5.
Add a test for Pesticide Residues Analysis.
6.
Add a test for Aflatoxins.
7.
Add a limit for the water content.
Analyses in the HPLC assay were performed with the Intersil Ph brand of L11 column, with endcapped, 5-µm, 150 packing. The typical retention times observed for nordihydrocapsaicin,
nonivamide, capsaicin, dihydrocapsaicin, decanylvanillinamide, and homocapsaicin are about
17.8, 18.9, 19.9, 25.3, 26.9, and 28.1 min, respectively.
(DS: M. Sharaf.)
Correspondence Number—C116629

Comment deadline: September 30, 2012
Capsicum Oleoresin
DEFINITION
Change to read:
Capsicum Oleoresin is an alcoholic extract of the dried ripe fruits of Capsicum annum var.
minimum and small fruited varieties of C. frutescens (Fam. Solanaceae). It contains NLT 8.0%
of total capsaicins [capsaicin (C18 H27 NO3 ), dihydrocapsaicin (C18 H29 NO3 ), and
nordihydrocapsaicin (C17 H27 NO3 )].
[Caution—Capsicum Oleoresin is a powerful irritant, and even in minute quantities produces an
intense burning sensation when it comes in contact with the eyes and tender parts of the skin.
Care should be taken to protect the eyes and to prevent contact of the skin with Capsicum
Oleoresin.]
Capsicum Oleoresin is an alcoholic extract of the dried ripe fruits of Capsicum. It contains NLT
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6.5% of total capsaicinoids, calculated as the sum of capsaicin, dihydrocapsaicin,
nordihydrocapsaicin, nonivamide, decanylvanillinamide, and homocapsaicin, all calculated on the
anhydrous basis. The nonivamide content is NMT 5% of the total capsaicinoids, calculated on
the anhydrous basis.
[Caution—Capsicum Oleoresin is a powerful irritant, and even in minute quantities produces an
intense burning sensation when it comes in contact with the eyes and tender parts of the skin.
Care should be taken to protect the eyes and to prevent contact of the skin with Capsicum
Oleoresin.]
2S (USP36)

IDENTIFICATION
Delete the following:
• A.
Sample: 0.5 g of Capsicum Oleoresin
Analysis: To the Sample, add 5 mL of water and 10 mL of a mixture of water, 0.2 M
potassium chloride, and 0.2 N hydrochloric acid (135:50:13). Mix. Add 5.0 mL of 0.5 M
sodium nitrite and 5.0 mL of 0.02 M sodium tungstate, and mix. Heat the Sample at 55 –
60 for 15 min, allow to cool, and filter. To the filtrate add 10 mL of 1 N sodium hydroxide.
Acceptance criteria: A bright yellow color is produced (presence of capsaicin). 2S (USP36)
Add the following:
• A. Thin-Layer Chromatography
Standard solution A: 0.4 mg/mL of USP Capsaicin RS in methanol
Standard solution B: 0.4 mg/mL of USP Dihydrocapsaicin RS in methanol
Sample solution: 10 mg/mL of Capsicum Oleoresin in hexanes
Chromatographic system
Adsorbent: Chromatographic reverse phase octadecyl silyl silica gel with an average
particle size of 5 µm (HPTLC plates)
Application volume: 2 µL, as 8-mm bands
Developing solvent system: A mixture of methanol and water (8:2)
Derivatization reagent A: 0.25 mg/mL of dichloroquinonechlorimide in ethyl acetate
Derivatization reagent B: Ammonium hydroxide solution
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution. Apply the
samples as bands to a suitable high-performance thin-layer chromatographic plate. Use
a saturated chamber, and condition the plate to a relative humidity of about 33% using
a suitable device. Develop the chromatograms over a distance of 6 cm. Remove the
plate from the chamber, dry, derivatize with Derivatization reagent A, dry, expose to
vapors of Derivatization reagent B until blue bands develop, and examine under white
light.
System suitability: Standard solution A shows a blue band at about one-third of the
chromatogram, and Standard solution B shows a blue band at an RF right below that from
Standard solution A.
Acceptance criteria: The Sample solution exhibits a blue band at about one-third of the
chromatogram, similar in position and color to the capsaicin band in the chromatogram of
Standard solution A, and exhibits a blue band at an RF right below that of capsaicin, similar
in position and color to the dihydrocapsaicin band in the chromatogram of Standard
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solution B. Other bands may be observed in the Sample solution chromatogram.

2S (USP36)

Add the following:
• B. HPLC
Analysis: Proceed as directed in the test for Content of Total Capsaicinoids.
Acceptance criteria: The Sample solution chromatogram exhibits the main capsaicinoid
peak at the retention time corresponding to capsaicin in the chromatogram of Standard
solution A and a peak of lower intensity corresponding to dihydrocapsaicin in the
chromatogram of Standard solution B. The Sample solution chromatogram shows additional
minor peaks corresponding to nordihydrocapsaicin, nonivamide, decanylvanillinamide, and
homocapsaicin. 2S (USP36)
ASSAY
Delete the following:
• Procedure
Mobile phase: Methanol and 2% acetic acid (56:44). Pass through a filter of 0.5-µm or
finer pore size.
Standard solution: 0.5 mg/mL of USP Capsaicin RS in methanol. Pass a portion of this
solution through a filter of 0.2-µm pore size, and use the filtrate as the Standard solution.
Sample solution: 10 mg/mL of Capsicum Oleoresin in methanol. Pass a portion of this
solution through a filter of 0.2-µm pore size, and use the filtrate as the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 2 mL/min
Injection size: 10 µL
System suitability
Samples: Standard solution and Sample solution
[Note—The relative retention times for nordihydrocapsaicin, capsaicin, and
dihydrocapsaicin are about 0.9, 1.0, and 1.6, respectively. ]
Suitability requirements
Resolution: NLT 1.2 between nordihydrocapsaicin and capsaicin, Sample solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0% in repeated injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of total capsaicins in the portion of Capsicum Oleoresin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= sum of the peak areas for nordihydrocapsaicin, capsaicin, and dihydrocapsaicin from the
Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Capsaicin RS in the Standard solution (mg/mL)
C=
U concentration of Capsicum Oleoresin in the Sample solution (mg/mL)
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Acceptance criteria: NLT 8.0%

2S (USP36)

Add the following:
• Content of Total Capsaicinoids
Mobile phase: A mixture of acetonitrile and diluted phosphoric acid (1 in 1000) (2:3).
Standard solution A: 0.2 mg/mL of USP Capsaicin RS in methanol
Standard solution B: 0.1 mg/mL of USP Dihydrocapsaicin RS in methanol
Sample solution: 5 mg/mL of Capsicum Oleoresin in methanol. Pass a portion of this
solution through a filter of 0.2-µm pore size, and use the filtrate as the Sample solution.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 281 nm

621 , System Suitability.)

Column: 4.6-mm × 25-cm; end-capped, 5-µm, 150
Flow rate: 1.0 mL/min

, packing L11

Column temperature: 30
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Sample solution
Suitability requirements
Resolution: NLT 1.5 between the capsaicin peak and the nonivamide peak that occurs
at a retention time of 0.95 relative to 1.0 for capsaicin, Sample solution
Relative standard deviation: NMT 2.0% for the capsaicin peak, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the capsaicin and dihydrocapsaicin peaks in the Sample solution chromatogram by
comparison with the chromatograms of Standard solution A and Standard solution B,
respectively. Identify the peaks corresponding to nordihydrocapsaicin, nonivamide,
decanylvanillinamide, and homocapsaicin using the approximate relative retention times
provided in Table 1.
Table 1
Approximate
Relative
Retention
Analyte
Time
Nordihydrocapsaicin
0.89
Nonivamide
0.95
Capsaicin
1.00
Decanylvanillinamide
1.34
Homocapsaicin
1.40
Calculate the percentage of capsaicin in the portion of Capsicum Oleoresin taken:
Result = (rU/rS) × (CS/Cu)× 100
rU= peak area of capsaicin from the Sample solution

PF 38(4): Jul.-Aug. 2012

190

rS= peak area of capsaicin from Standard solution A
C=
S concentration of capsaicin in Standard solution A (mg/mL)
C=
U concentration of Capsicum Oleoresin in the Sample solution (mg/mL)
Calculate the percentage of dihydrocapsaicin in the portion of Capsicum Oleoresin taken:
Result = (rU/rS) × (CS/Cu) × 100
rU= peak area of dihydrocapsaicin from the Sample solution
rS= peak area of dihydrocapsaicin from Standard solution B
C=
S concentration of dihydrocapsaicin in Standard solution B (mg/mL)
C=
U concentration of Capsicum Oleoresin in the Sample solution (mg/mL)
Calculate the percentage of nonivamide, expressed as capsaicin, in the portion of
Capsicum Oleoresin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of nonivamide from the Sample solution
rS= peak area of capsaicin from Standard solution A
C=
S concentration of capsaicin in Standard solution A (mg/mL)
C=
U concentration of Capsaicin Oleoresin in the Sample solution (mg/mL)
Calculate the sum of the percentages of nordihydrocapsaicin, decanylvanillinamide, and
homocapsaicin, expressed as capsaicin, in the portion of Capsicum Oleoresin taken:
Result = (SrU/rS) × (CS/Cu) × 100

Sr=
U sum of the peak areas of nordihydrocapsaicin, decanylvanillinamide, and homocapsaicin
from the Sample solution
rS= peak area of capsaicin from Standard solution A
CS= concentration of capsaicin in Standard solution A (mg/mL)
CU= concentration of Capsicum Oleoresin in the Sample solution (mg/mL)
Calculate the content of total capsaicinoids as the sum of the percentages of capsaicin,
dihydrocapsaicin, nordihydrocapsaicin, nonivamide, decanylvanillinamide, and
homocapsaicin.
Acceptance criteria: NLT 6.5% on the anhydrous basis 2S (USP36)
CONTAMINANTS
Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 0.5 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 0.1 µg/g
2S (USP36)

233
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Add the following:
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
Meets the requirements 2S (USP36)

561 :

Add the following:
• Articles of Botanical Origin, Test for Aflatoxins

561 : Meets the requirements

2S (USP36)

SPECIFIC TESTS
Add the following:
• Limit of Nonivamide
Analysis: Use the chromatograms and calculations obtained in the test for Content of
Total Capsaicinoids.
Calculate the content of nonivamide as percentage of total capsaicinoids:
Result = (PN/PTC) × 100
PN= percentage of nonivamide as calculated in the test for Content of Total Capsaicinoids
PTC
= percentage of total capsaicinoids as calculated in the test for Content of Total
Capsaicinoids
Acceptance criteria: NMT 5% on the dried basis 2S (USP36)
Add the following:
• Water Determination, Method 1a 921
Sample: 5.0 g of Capsicum Oleoresin
Acceptance criteria: NMT 8% 2S (USP36)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to indicate that if separation occurs, it should be warmed and mixed
before use.
Change to read:
• USP Reference Standards
USP Capsaicin RS
USP Dihydrocapsaicin RS

11
2S (USP36)

BRIEFING
Carbidopa and Levodopa Orally Disintegrating Tablets. Because there is no existing USP
monograph for this dosage form, a new monograph, based on validated methods of analysis,
is proposed.
1.
The liquid chromatographic procedures in the Assay are based on analyses performed
with the YMC-OSD-A brand of L1 column. The typical retention times for the
levodopa and carbidopa peaks are 3 and 7 min, respectively.
2.
The liquid chromatographic procedures in the Dissolution test are based on analyses
performed with the Waters XTerra RP18 of L1 column. The typical retention times for
the levodopa and carbidopa peaks are 2 and 4 min, respectively.
3.
The liquid chromatographic procedures in the test for Organic Impurities are based on
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analyses performed with the Prevail C8 brand of L7 column. The typical retention
times for the levodopa and carbidopa peaks are 4 and 7 min, respectively.
(SM4: R. Ravichandran, H. Joyce.)
Correspondence Number—C110863

Comment deadline: September 30, 2012
Add the following:
Carbidopa and Levodopa Orally Disintegrating Tablets
DEFINITION
Carbidopa and Levodopa Orally Disintegrating Tablets contain NLT 90.0% and NMT 110.0% of
the labeled amounts of carbidopa (C10 H14 N2 O4 ) and levodopa (C9 H11 NO4 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Inject the Sample solution within 2 h of preparation. Protect the volumetric solutions from
light.
Buffer: 6.6 g/L of monobasic sodium phosphate in water, adjusted with phosphoric acid to
a pH of 2.2
Mobile phase: Alcohol and Buffer (5:95)
Standard solution: 0.025 mg/mL of USP Carbidopa RS and 0.25 mg/mL of USP Levodopa
RS in Mobile phase
Sample stock solution: Transfer NLT 10 Tablets to a 1-L volumetric flask. Add 750 mL of
Mobile phase, sonicate for 20 min, and then stir for 20 min. Dilute with Mobile phase to
volume.
Sample solution: Dilute the Sample stock solution with Mobile phase to obtain a nominal
concentration of carbidopa of between 0.025 and 0.07 mg/mL and a nominal
concentration of levodopa of 0.25 mg/mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Autosampler temperature: 6
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times of levodopa and carbidopa are 0.42 and 1.0,
respectively.]
Suitability requirements
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Tailing factor: NMT 2.4 for both the levodopa and carbidopa peaks
Relative standard deviation: NMT 2.0% for both carbidopa and levodopa
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of carbidopa (C10 H14 N2 O4 ) and levodopa
(C9 H11 NO4 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of carbidopa or levodopa from the Sample solution
rS= peak response of carbidopa or levodopa from the Standard solution
C=
S concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution
(mg/mL)
C=
U nominal concentration of carbidopa or levodopa in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% each of the labeled amounts of carbidopa and
levodopa
PERFORMANCE TESTS
• Disintegration 701 : NMT 60 s
• Dissolution 711
Medium: 0.1 N hydrochloric acid, 750 mL
Apparatus 2: 50 rpm
Time: 10 min
Solution A: 0.24 g/L of sodium1-decanesulfonate in water
Mobile phase: Dissolve 11.0 g of monobasic sodium phosphate monohydrate in 1 L of
water. Add 1.3 mL of Solution A, and adjust with phosphoric acid to a pH of 2.8.
Standard solution: L/800 mg/mL each of USP Carbidopa RS and USP Levodopa RS in
Medium, where L is the label claim in mg/Tablet of carbidopa or levodopa
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size, and discard the first 3 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 150-cm; 5-µm packing L1
Autosampler temperature: 4
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times of levodopa and carbidopa are 0.4 and 1.0,
respectively.]
Suitability requirements
Tailing factor: NMT 2.0 for both levodopa and carbidopa
Relative standard deviation: NMT 2.0% for both levodopa and carbidopa
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of carbidopa (C10 H14 N2 O4 ) and levodopa
(C9 H11 NO4 ) dissolved:
Result = (rU/rS) × CS × V × (1/L) × 100
rU= peak response of carbidopa or levodopa from the Sample solution
rS= peak response of carbidopa or levodopa from the Standard solution
C=
S concentration of USP Carbidopa RS or USP Levodopa RS in the Standard solution
(mg/mL)
V= volume of the Medium, 750 mL
L= label claim of carbidopa or levodopa (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of carbidopa (C10 H14 N2 O4 ) is dissolved,
and NLT 75% (Q) of the labeled amount of levodopa (C9 H11 NO4 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Protect all analytical solutions from light, and maintain them at 2 –8 until they are
injected into the chromatograph.
Diluent: Methanol and 0.1 N hydrochloric acid (30:70)
Mobile phase: 13.8 g/L of monobasic sodium phosphate monohydrate in water, adjusted
with phosphoric acid to a pH of 2.7
System suitability solution: 0.025 mg/mL each of USP Carbidopa RS, USP Levodopa RS,
USP Levodopa Related Compound A, USP Levodopa Related Compound B RS, and USP
Methyldopa RS in Diluent
Standard solution: 0.025 mg/mL of USP Levodopa RS in Diluent
Sample solution: Transfer a weighed quantity of powder equivalent to 250 mg of levodopa
from NLT 20 finely powdered Tablets to a 100-mL volumetric flask. Add 80 mL of Diluent,
sonicate for 10 min, and then stir for 30 min. Dilute with Diluent to volume. Centrifuge,
and use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Autosampler temperature: 4
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 6 times the retention time of carbidopa
System suitability
Samples: System suitability solution and Standard solution
[Note—For the relative retention times, see Table 1. If peak fronting for levodopa related
compound A is observed, lowering the column temperature to 15 is recommended to
eliminate this problem.]
Suitability requirements
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Resolution: NLT 1.5 between levodopa related compound A and levodopa, NLT 2.0
between carbidopa and levodopa related compound B, and NLT 1.5 between
methyldopa and carbidopa, System suitability solution
Relative standard deviation: NMT 5.0% for levodopa, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of all impurities and any unspecified degradation product other
than methyldopa and 3,4-dihydroxyphenylacetone, based on the label claim of levodopa
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of levodopa related compound A or any unspecified degradation
product from the Sample solution
rS= peak response of levodopa from the Standard solution
C=
S concentration of USP Levodopa RS in the Standard solution (mg/mL)
C=
U nominal concentration of levodopa in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Calculate the percentage of methyldopa and 3,4-dihydroxyphenylacetone based on the
label claim of carbidopa in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of methyldopa or 3,4-dihydroxyphenylacetone from the Sample solution
rS= peak response of levodopa from the Standard solution
C=
S concentration of USP Levodopa RS in the Standard solution
C=
U nominal concentration of carbidopa in the Sample solution
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name
Levodopa related compound Aa
Levodopa
Methyldopab
Carbidopa
Levodopa related compound Bc
Carbidopa related compound Ac
3,4-Dihydroxyphenylacetoneb,d
Any individual unspecified degradation
Total impuritiese

Table 1
Relative
Retention
Time

product a

0.45
0.52
0.84
1.0
1.2
3.1
3.9
—
—

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.80
—
1.0
—
—
—

0.2
—
0.5
—
—
—

1.0
1.0
—

0.5
0.2
1.0
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a Individual impurity based on the label claim of levodopa.
b Individual impurity based on the label claim of carbidopa.
c Process-related impurities, included for identification only; not to be included in Total
impurities.
d Not to be included in Total impurities.
e Excluding all process impurities and 3,4-dihydroxyphenylacetone.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 11
USP Carbidopa RS
USP Levodopa RS
USP Levodopa Related Compound A RS
3-(3,4,6-Trihydroxyphenyl)alanine.
C9 H11 NO5
213.19
USP Levodopa Related Compound B RS
3-Methoxytyrosine.
C10 H13 NO4
211.21
USP Methyldopa RS
2S (USP36)

BRIEFING
Urea C 13, USP 35 page 2495. In an effort to modernize the monograph, the following changes
are proposed:
1.
Identification tests in the monograph are colorimetric in nature and are nonspecific.
They are being replaced with more specific infrared and mass spectrometric
Identification tests.
2.
The Acceptance criteria of 99.0%–100.5% for the Assay is very narrow for any assay
procedure using HPLC. Experimental data from analyses performed by multiple
analysts on multiple days support widening the criteria to 98.0%–102.0%. The
molecular weight correction in the Assay is no longer necessary because the
Acceptance criteria has been widened.
3.
The volume of the Sample solution to be used in the test for Limit of Biuret is included.
4.
The tests for Chloride, Sulfate, Alcohol Insoluble Matter, and Melting Range or
Temperature are deleted because the revised monograph includes sufficient tests to
provide assurance of the identity, purity, and quality of the article.
5.
In addition, the phase used in the test for Isotopic Purity is revised from G47 to allow
the use of phases G25 or G35, which reflect the nature of the GC phase Restek
Stabilwax-DA that was used in the method validation.
(SM4: R. Ravichandran.)
Correspondence Number—C114951
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Comment deadline: September 30, 2012
Urea C 13

Urea [13C]
[58069-82-2.].

61.05

DEFINITION
Change to read:
Urea C 13 contains NLT 99.0%and NMT 100.5%
NLT 98.0% and NMT 102.0% 2S (USP36)
of urea C 13 (13CH4 N2 O).
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197K 2S (USP36)
Analysis: Heat about 500 mg in a test tube: it liquefies, and ammonia is evolved.
Continue the heating until the liquid becomes turbid, then cool. Dissolve the fused mass
in a mixture of 10 mL of water and 1 mL of sodium hydroxide solution (1 in 10), and add 1
drop of cupric sulfate TS.
Acceptance criteria: the solution acquires a reddish-violet color
2S (USP36)

Change to read:
• B:
Analysis: Dissolve 100 mg in 1 mL of water, and add 1 mL of nitric acid.
Acceptance criteria: a white crystalline precipitate of urea nitrate is formed.
The retention times of the major peaks corresponding to the mass-to-charge (m/z) ratios of
61 and 63 in the Sample solution correspond to those of the Standard solution, as
obtained in the test for Isotopic Purity. 2S (USP36)
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, methanol, and water (89:10:1)
System suitability solution: 2.5 mg/mL of urea and 0.003 mg/mL of biuret in Mobile phase
Standard solution: 2 mg/mL of USP Urea C 13 RS in Mobile phase
Sample solution: 2 mg/mL of Urea C 13 in Mobile phase
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; 5-µm packing L8
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between urea and biuret, System suitability solution
Relative standard deviation: NMT 1%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks.
Calculate the percentage of urea C 13 (13CH4 N2 O) in the portion of Urea C 13 taken:
Result = (rU/rS) × (CS/CU)(Mr1/Mr2) × 100
Result = (rU/rS) × (CS/CU) × 100

2S (USP36)

rU = peak response from the Sample solution
rS = peak response from the Standard solution
CS= concentration of USP Urea C 13 RS in the Standard solution (mg/mL)
CU= concentration of Urea C 13 in the Sample solution (mg/mL)
Mr1
= Molecular weight of Urea C13 Sample solution (mg/mL)
Mr2
= Molecukar weight of USP Urea C13 RS
2S (USP36)

Acceptance criteria: 99.0%–100.5%
98.0%–102.0% 2S (USP36)
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals 231
Analysis: Dissolve 1.0 g in 20 mL of water, and add 5 mL of 0.1 N hydrochloric acid.
Acceptance criteria: NMT 20 ppm
Change to read:
• Limit of Biuret
Standard solution: 0.033 mg/mL of biuret in water
Sample solution: 33.3 mg/mL of Urea C 13 in water
Analysis: Treat
3 mL of the 2S (USP36)
Sample solution and 3 mL of the Standard solution separately as follows. To each solution
add 3 mL of sodium hydroxide solution (10 in 100) and 3 drops of copper sulfate solution
(0.5 in 100), and allow to stand for 5 min.
Acceptance criteria: NMT 0.1%; any reddish-violet color in the Sample solution is not
more intense than that in the Standard solution.
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Change to read:
• Isotopic Purity
Standard solution: 0.4 mg/mL of USP Urea C 13 RS in methanol
Sample solution: 12 mg/mL
0.4 mg/mL 2S (USP36)
of Urea C 13 in methanol
Chromatographic system

2S (USP36)

(See Chromatography 621 and Mass Spectrometry 736 .)
Mode: GC
Detector: Mass spectrometer, electron energy 70 eV
Column: 0.25-mm × 15-m capillary; coated with a 0.1-µm film of phase G47
G25 or G35 2S (USP36)
Temperatures
Injection port: 250
Detector: 200
Transfer line: 265
Column: See Table 1.
Table 1
Initial
Temperature
Temperature
Ramp
( )
( /min)
80
15

Final
Temperature
( )
250

Hold Time
at Final
Temperature
(min)
0

2S (USP36)

Carrier gas: Helium
Flow rate: 1 mL/min 2S (USP36)
Injection volume: 1 µL
Split ratio: 1:25 2S (USP36)
Analysis
Sample: Sample solution
and Standard solution. [Note—The Standard solution chromatogram is also intended for
use in Identification test B. ] 2S (USP36)
Record the total ion chromatogram, and combine all of the mass spectra scans across
the entire major peak. Record the peak intensities at mass-to-charge (m/z) ratios of 60,
61, 62, and 63.
Calculate the percentage of carbon that is C 13 in the portion of Urea C 13 taken:
Result = [(I61 + I63)/(I60 + I61 + I63)] × 100
Calculate the percentage of oxygen that is O 18 in the portion of Urea C 13 taken:
Result = [(I62 + I63)/(I60 + I61 + I62 + I63)] × 100
I=
60 relative peak intensity at an m/z ratio of 60
in the Sample solution 2S (USP36)
I=
61 relative peak intensity at an m/z ratio of 61
in the Sample solution 2S (USP36)
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I=
62 relative peak intensity at an m/z ratio of 62
in the Sample solution 2S (USP36)
I=
63 relative peak intensity at an m/z ratio of 63
in the Sample solution 2S (USP36)
Acceptance criteria
C 13: NLT 99%
O 18: NMT 15%
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 132 –135

2S (USP36)

Delete the following:
• Alcohol-Insoluble Matter
Analysis: Dissolve 5.0 g in 50 mL of warm alcohol; if any insoluble residue remains, filter the
solution on a tared filter, wash the residue and the filter with 20 mL of warm alcohol, and
dry at 105 for 1 h.
Acceptance criteria: The weight of the residue does not exceed 2 mg (0.04%).

2S (USP36)

Delete the following:
• Chloride and Sulfate, Chloride 221 : A 2.0-g portion shows no more chloride than
corresponds to 0.20 mL of 0.020 N hydrochloric acid (0.007%). 2S (USP36)
Delete the following:
• Chloride and Sulfate, Sulfate 221 : A 2.0-g portion shows no more sulfate than
corresponds to 0.20 mL of 0.020 N sulfuric acid (0.010%). 2S (USP36)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers at room temperature.
• USP Reference Standards
USP Urea C 13 RS

11
BRIEFING

Cefuroxime Axetil, USP 35 page 2578. The following revisions are proposed:
1.
A test for Identification, based on HPLC retention time comparison, is added to the
monograph to provide a second test that is orthogonal to the procedure based on
infrared absorption.
2.
The Assay and the test for Diastereoisomer Ratio are revised to eliminate the use of
the internal standard. The System suitability solution, Standard solution, Sample
solution, Flow rate, and Injection volume are revised to match the European
Pharmacopoeia 7.5 monograph. The column efficiency requirement in the Assay is
deleted because the remaining criteria are adequate to evaluate system suitability.
The relative standard deviation requirement is revised to specify the relevant peaks.
The calculation formula is updated and converted to current style.
3.
As part of USP's monograph modernization initiative, the monograph is revised to add a
test for Organic Impurities based on the procedure in the European Pharmacopoeia
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7.5 monograph. A Hypersil SAS brand of L13 column is suitable for this procedure.
The typical retention time for cefuroxime axetil diastereoisomer A is about 12 min.
4.
The USP Reference Standards section is updated to provide chemical information for
USP Cefuroxime Axetil Delta-3 Isomers RS.
(SM1: A. Wise.)
Correspondence Number—C107336

Comment deadline: September 30, 2012
Cefuroxime Axetil

C20 H22 N4 O10 S

510.47

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 3-[[(aminocarbonyl)oxy]methyl]-7-[[2furanyl(methoxyimino)acetyl]amino]-8-oxo-, 1-(acetyloxy)ethyl ester, [6R-[6 ,7 (Z)]]-;
(RS)-1-Hydroxyethyl (6R,7R)-7-[2-(2-furyl)glyoxylamido]-3-(hydroxymethyl)-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene 2-carboxylate, 72-(Z)-(O-methyloxime), 1-acetate 3-carbamate
[64544-07-6].
DEFINITION
Cefuroxime Axetil is a mixture of the diastereoisomers of cefuroxime axetil (C20 H22 N4 O10 S). It
contains the equivalent of NLT 745 µg/mg and NMT 875 µg/mg of cefuroxime (C16 H16 N4 O8 S),
calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K : Meets the requirements
Add the following:
• B. The retention time of the major peaks of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
ASSAY
Change to read:
• Procedure
Buffer: 23 g/L of monobasic ammonium phosphate
Mobile phase: Methanol and Buffer (380:620)
Internal standard solution: 5.4 mg/mL of acetanilide in methanol
System suitability stock solution: 0.16 mg/mL of USP Cefuroxime Axetil Delta-3 Isomers
RS in methanol
Standard stock solution: 1.2 mg/mL of USP Cefuroxime Axetil RS in methanol. Use this
solution promptly.
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System suitability solution: 0.24 mg/mL of cefuroxime axetil from the Standard stock
solution, 0.54 mg/mL of acetanilide from the Internal standard solution and 12.16 µg/mL
of cefuroxime axetil delta-3 isomers from the System suitability stock solution diluted
with Buffer.
Standard solution: 0.24 mg/mL of cefuroxime axetil from Standard stock solution and
0.54 mg/mL of acetanilide from Internal standard solution diluted with Buffer containing
7.6% of the final volume of methanol. Use this solution promptly, or refrigerate and use
on the day prepared.
Sample stock solution: 1.2 mg/mL of Cefuroxime Axetil in methanol
Sample solution: 0.24 mg/mL of cefuroxime axetil from Sample stock solution and 0.54
mg/mL of acetanilide from Internal standard solution diluted with Buffer containing 7.6%
of the final volume of methanol. Use this solution promptly, or refrigerate and use on the
day prepared.
System suitability stock solution: 0.1 mg/mL of USP Cefuroxime Axetil Delta-3 Isomers
RS in methanol
System suitability solution: 0.2 mg/mL of USP Cefuroxime Axetil RS and 10 µg/mL of
USP Cefuroxime Axetil Delta-3 Isomers RS in Mobile phase
Standard solution: 0.2 mg/mL of USP Cefuroxime Axetil RS in Mobile phase. Protect the
solution from light, and store in a refrigerator.
Sample solution: 0.2 mg/mL of Cefuroxime Axetil in Mobile phase. Protect the solution
from light, and store in a refrigerator. 2S (USP36)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 278 nm
Column: 4.6-mm × 25-cm; 5-µm packing L13
Flow rate: 1.5 mL/min
1 mL/min 2S (USP36)
Injection volume: 10 µL
20 µL 2S (USP36)
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between cefuroxime axetil diastereoisomer A and B; NLT 1.5
between cefuroxime axetil diastereoisomer A and cefuroxime axetil delta-3 isomers,
System suitability solution
Column efficiency: NLT 3000 theoretical plates when measured using the cefuroxime
axetil diastereoisomer A peak, Standard solution
2S (USP36)

Relative standard deviation: NMT 2.0% for
the sum of cefuroxime axetil diastereoisomers A and B,
Standard solution
Analysis
Samples: Standard solution and Sample solution

2S (USP36)

Calculate the quantity, in µg, of cefuroxime (C16 H16 N4 O8 S) in each mg of Cefuroxime
Axetil taken:
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Result = (RU /RS) × (CS/CU ) × (P/100) × (100

K)

RU= peak response ratio of the sum of cefuroxime axetil diastereoisomers A and B to the
internal standard from the Sample solution
RS= peak response ratio of the sum of cefuroxime axetil diastereoisomers A and B to the
internal standard from the Standard solution
CS= concentration of USP Cefuroxime Axetil RS in the Standard solution (mg/mL)
CU= concentration of Cefuroxime Axetil in the Sample solution, corrected for water
(mg/mL)
P= potency of cefuroxime, on the anhydrous basis, in USP Cefuroxime Axetil RS (µg/mg)
K= water content of USP Cefuroxime Axetil RS (%)
Calculate the quantity, in µg, of cefuroxime (C16 H16 N4 O8 S) in each mg of Cefuroxime
Axetil taken:
Result = (rU/rS) × (CS/CU) × P
rU= sum of the peak responses of cefuroxime axetil diastereoisomers A and B from the
Sample solution
rS= sum of the peak responses of cefuroxime axetil diastereoisomers A and B from the
Standard solution
C=
S concentration of USP Cefuroxime Axetil RS in the Standard solution (mg/mL)
C=
U concentration of Cefuroxime Axetil in the Sample solution, corrected for water
(mg/mL)
P= potency of cefuroxime, on the anhydrous basis, in USP Cefuroxime Axetil RS
(µg/mg) 2S (USP36)
Acceptance criteria: 745–875 µg/mg on the anhydrous basis
IMPURITIES
Add the following:
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Peak identification solution: Expose a portion of the Standard solution to UV light at 254
nm for at least 1 h to generate cefuroxime axetil E-isomers.
Sensitivity solution: 2 µg/mL of USP Cefuroxime Axetil RS in Mobile phase. Protect the
solution from light, and store in a refrigerator.
System suitability
Samples: System suitability solution and Peak identification solution
[Note—See Table 1 for the relative retention times. The Peak identification solution is
used to identify the locations of the cefuroxime axetil E-isomers.]
Suitability requirements
Resolution: NLT 1.5 between cefuroxime axetil diastereoisomer A and B; NLT 1.5
between cefuroxime axetil diastereoisomer A and cefuroxime axetil delta-3 isomers,
System suitability solution
Analysis
Samples: Sample solution and Sensitivity solution
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Calculate the percentage of each impurity in the portion of Cefuroxime Axetil taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of the response of all peaks from the Sample solution
Acceptance criteria: See Table 1. The reporting threshold is 0.05 times the response of
the major peaks from the Sensitivity solution.
Table 1
Relative
Retention
Time

Name
Cefuroxime
Cefuroxime
Cefuroxime
Cefuroxime

lactonea
axetil diastereoisomer B
axetil diastereoisomer A
axetil delta-3 isomerb,c

0.5
0.9
1.0
1.2
1.7
2.1
—
—

Acceptance
Criteria,
NMT (%)
0.5
—
—
1.5

Cefuroxime axetil E-isomersb,d
1.0
Any individual unidentified impurity
0.5
Total impurities
3.0
a (Z)-N-((5aR,6R)-1,7-Dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin6-yl)-2-(furan-2-yl)-2-(methoxyimino)acetamide.
b The system resolves two isomers. The limit is for the sum of the two isomers.
c (1RS,6R,7R)-1-Acetoxyethyl 3-[(carbamoyloxy)methyl]-7-[(Z)-2-(furan-2-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylate.
d (1RS,6R,7R)-1-Acetoxyethyl 3-[(carbamoyloxy)methyl]-7-[(E)-2-(furan-2-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylate.
2S (USP36)

SPECIFIC TESTS
• Crystallinity 695 : Particles that do not show birefringence or exhibit extinction positions
are amorphous, and particles that show birefringence and exhibit extinction positions are
crystalline.
• Water Determination, Method I

921 : NMT 1.5%

Change to read:
• Diastereoisomer Ratio
Buffer, Mobile phase, Internal standard solution, System suitability stock solution,
System suitability solution, Standard stock solution, Standard solution, Sample
stock solution, Sample solution, and Chromatographic system: Prepare as directed
in the Assay.
Buffer, Mobile phase, System suitability solution, Sample solution,
Chromatographic system, and System suitability: Proceed as directed in the Assay.
2S (USP36)

Analysis
Sample: Sample solution
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Calculate the ratio of cefuroxime axetil diastereoisomer A to the sum of the cefuroxime
axetil diastereoisomers A and B:
Result = rA/(rA + rB)
r=
A peak response of cefuroxime axetil diastereoisomer A
r=
B peak response of cefuroxime axetil diastereoisomer B
Acceptance criteria: 0.48–0.55
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to indicate whether it is amorphous or crystalline.
Change to read:
• USP Reference Standards 11
USP Cefuroxime Axetil RS
USP Cefuroxime Axetil Delta-3 Isomers RS
(1RS,6R,7R)-1-Acetoxyethyl 3-[(carbamoyloxy)methyl]-7-[(Z)-2-(furan-2-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylate.
C20 H22 N4 O10 S
510.47
2S (USP36)

BRIEFING
Cefuroxime Axetil Tablets, USP 35 page 2578. The following revisions are proposed:
1.
The Assay is revised to use the System suitability solution, Standard solution, and
Sample solution from the Assay procedure in the British Pharmacopoeia 2012
monograph. This modernizes the procedure because it eliminates the use of the
internal standard. A Hypersil SAS brand of L13 column is suitable for this procedure.
The typical retention time for cefuroxime axetil diastereoisomer A is about 10 min.
The column efficiency requirement in the Assay is deleted because the remaining
criteria are adequate to evaluate system suitability. The relative standard deviation
requirement is revised to clarify the relevant peaks. The calculation formula is
updated and converted to current style.
2.
The Identification test is updated to reflect the changes to the Assay.
3.
The Dissolution test is updated to include a calculation formula.
4.
As part of USP's monograph modernization initiative, this monograph is revised to add a
test for Organic Impurities based on a validated procedure from an FDA-approved
manufacturer. A Zorbax TMS brand of L13 column was used during method validation.
The typical retention time for cefuroxime axetil diastereoisomer A is about 19 min.
5.
Storage conditions, based on the approved storage conditions from an FDA-approved
manufacturer, are added to the Packaging and Storage section.
6.
The USP Reference Standards section is updated to provide chemical information for
cefuroxime axetil delta-3 isomers.
(SM1: A. Wise.)
Correspondence Number—C107701; C109614

Comment deadline: September 30, 2012
Cefuroxime Axetil Tablets
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DEFINITION
Cefuroxime Axetil Tablets contain the equivalent of NLT 90.0% and NMT 110.0% of the labeled
amount of cefuroxime (C16 H16 N4 O8 S).
IDENTIFICATION
Change to read:
• A. The retention times of the peaks for cefuroxime axetil diastereoisomers A and B of the
Sample solution correspond to those in the Standard solution, both relative to the internal
standard
2S (USP36)

as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 23 g/L of monobasic ammonium phosphate
Mobile phase: Methanol and Solution A (380:620)
Internal standard solution: 5.4 mg/mL of acetanilide in methanol
System suitability stock solution: 0.16 mg/mL of USP Cefuroxime Axetil Delta-3 Isomers
RS in methanol
Standard stock solution: 1.2 mg/mL of USP Cefuroxime Axetil RS in methanol
System suitability solution: 0.24 mg/mL of cefuroxime axetil from the Standard stock
solution, 0.54 mg/mL of acetanilide from the Internal standard solution and 12.16 µg/mL
of cefuroxime axetil delta-3 isomers from the System suitability stock solution diluted
with Solution A.
Standard solution: 0.24 mg/mL of cefuroxime axetil from Standard stock solution and
0.54 mg/mL of acetanilide from Internal standard solution diluted with Solution A
containing 7.6% of the final volume of methanol. Use this solution promptly, or refrigerate
and use on the day prepared.
Sample stock solution: Nominally 2 mg/mL of cefuroxime from finely powdered Tablets
(NLT 10) prepared as follows. Transfer the powder with the aid of methanol to a suitable
volumetric flask. Add methanol to fill the volumetric flask to about half its capacity, and
shake by mechanical means for about 10 min. Dilute with methanol to volume. Filter a
portion of this stock mixture.
Sample solution: Nominally 0.2 mg/mL of cefuroxime axetil from Sample stock solution
and 0.54 mg/mL of acetanilide from Internal standard solution diluted with Solution A
containing 7.6% of the final volume of methanol. Use this solution promptly, or refrigerate
and use on the day prepared.
Buffer: 23 g/L of monobasic ammonium phosphate in water, adjusted with phosphoric
acid to a pH of 2.4
System suitability stock solution: 0.1 mg/mL of USP Cefuroxime Axetil Delta-3 Isomers
RS in methanol
System suitability solution: 10 µg/mL of cefuroxime axetil delta-3 isomers from the
System suitability stock solution and 0.3 mg/mL of USP Cefuroxime Axetil RS, diluted
with Mobile phase
Standard solution: 0.3 mg/mL of USP Cefuroxime Axetil RS in Mobile phase. Protect the
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solution from light, refrigerate, and use on the day prepared.
Sample stock solution: Nominally 5 mg/mL of cefuroxime from finely powdered Tablets
(NLT 10) prepared as follows. Transfer a suitable amount of the powder to a suitable
volumetric flask. Disperse in Buffer, using 5% of the final volume. Sonicate if necessary.
Add methanol to fill the volumetric flask to about half its capacity, and shake by
mechanical means for about 10 min. Dilute with methanol to volume, and filter.
Sample solution: Nominally 0.25 mg/mL of cefuroxime from the Sample stock solution,
diluted with Mobile phase. Protect the solution from light, refrigerate, and use on the
day prepared. 2S (USP36)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 278 nm
Column: 4.6-mm × 25-cm; 5-µm packing L13
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for acetanilide, cefuroxime axetil diastereoisomer B,
cefuroxime axetil diastereoisomer A, and cefuroxime axetil delta-3 isomers are 0.4, 0.8,
0.9, and 1.0, respectively.
The relative retention times for cefuroxime axetil diastereoisomer B, cefuroxime axetil
diastereoisomer A, and cefuroxime axetil delta-3 isomers are 0.9, 1.0, and 1.2,
respectively. 2S (USP36)
]
Suitability requirements
Resolution: NLT 1.5 between cefuroxime axetil diastereoisomer A and B; NLT 1.5
between cefuroxime axetil diastereoisomer A and cefuroxime axetil delta-3 isomers,
System suitability solution
Column efficiency: NLT 3000 theoretical plates when measured using the cefuroxime
axetil diastereoisomer A peak, Standard solution
2S (USP36)

Relative standard deviation: NMT 2.0% for
the sum of cefuroxime axetil diastereoisomers A and B,
Standard solution
Analysis
Samples: Standard solution and Sample solution

2S (USP36)

Calculate the percentage of cefuroxime (C16 H16 N4 O8 S) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × P × F × (100

K)

RU= peak response ratio of the sum of cefuroxime axetil diastereoisomers A and B to the
internal standard from the Sample solution
R=
S peak response ratio of the sum of cefuroxime axetil diastereoisomers A and B to the
internal standard from the Standard solution
C=
S concentration of USP Cefuroxime Axetil RS in the Standard solution (mg/mL)
C=
U nominal concentration of cefuroxime axetil in the Sample solution (mg/mL)
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P= potency of cefuroxime, on the anhydrous basis, in USP Cefuroxime Axetil RS (µg/mg)
F= conversion factor, 0.001 mg/µg
K= water content of USP Cefuroxime Axetil RS (%)
Calculate the percentage of cefuroxime (C16 H16 N4 O8 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= sum of the peak responses of cefuroxime axetil diastereoisomers A and B from the
Sample solution
rS= sum of the peak responses of cefuroxime axetil diastereoisomers A and B from the
Standard solution
C=
S concentration of USP Cefuroxime Axetil RS in the Standard solution (mg/mL)
C=
U nominal concentration of cefuroxime axetil in the Sample solution (mg/mL)
P= potency of cefuroxime, on the anhydrous basis, in USP Cefuroxime Axetil RS (µg/mg)
F= conversion factor, 0.001 mg/µg 2S (USP36)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Test 1
Medium: 0.07 N hydrochloric acid; 900 mL
Apparatus 2: 55 rpm
Times: 15 and 45 min
Standard solution: 10–20 µg/mL of cefuroxime from USP Cefuroxime Axetil RS in Medium
Sample solution: Pass portions of the solution under test through a suitable filter, and
dilute with Medium, if necessary, to a concentration similar to the Standard solution.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 278 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Determine the percentage (Q) of the labeled amount of cefuroxime (C16 H16 N4 O8 S)
dissolved:
Result = (AU/AS) × (CS) × V × (1/L) × P × F × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Cefuroxime Axetil RS in the Standard solution
V= volume of Medium, 900 mL
L= label claim (mg/Tablet)
P= potency of cefuroxime, on the anhydrous basis, in USP Cefuroxime Axetil RS (µg/mg)
F= conversion factor, 0.001 mg/µg 2S (USP36)
Acceptance criteria: NLT 60% (Q) of the labeled amount of cefuroxime (C16 H16 N4 O8 S) is
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dissolved in 15 min, and NLT 75% (Q) of the labeled amount of cefuroxime (C16 H16 N4 O8 S) is
dissolved in 45 min; except that where Tablets are labeled to contain the equivalent of 500
mg of cefuroxime, NLT 50% (Q) of the labeled amount of cefuroxime (C16 H16 N4 O8 S) is
dissolved in 15 min, and NLT 70% (Q) of the labeled amount of cefuroxime (C16 H16 N4 O8 S) is
dissolved in 45 min.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium, Times, Standard solution, Sample solution, Instrumental conditions, and
Analysis: Proceed as directed in Test 1.
Apparatus 2: 100 rpm
Acceptance criteria: NLT 60% (Q) of the labeled amount of cefuroxime (C16 H16 N4 O8 S) is
dissolved in 15 min, and NLT 75% (Q) is dissolved in 45 min.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Solution A: 23 g/L of monobasic ammonium phosphate
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
85
15
5
62
38
20
62
38
30
50
50
35
30
70
37
85
15
45
85
15
Diluent: Methanol and Solution A (35:65)
Buffer: 23 g/L of monobasic ammonium phosphate in water, adjusted with phosphoric acid
to a pH of 2.4
Standard stock solution: 0.6 mg/mL of USP Cefuroxime Axetil RS in methanol
Standard solution: 6 µg/mL of cefuroxime axetil from the Standard stock solution, diluted
with Diluent. Protect the solution from light, and refrigerate.
Peak identification solution: Expose a portion of the Standard stock solution to UV light
at 254 nm for at least 1 h to generate cefuroxime axetil E-isomers.
System suitability solution: 0.6 mg/mL of USP Cefuroxime Axetil RS and 10 µg/mL of USP
Cefuroxime Axetil Delta-3 Isomers RS in methanol
Sample stock solution: Nominally 10 mg/mL of cefuroxime from finely powdered Tablets
(NLT 10) prepared as follows. Transfer the powder to a suitable volumetric flask, and add
Buffer to 10% of the final volume. Sonicate to disperse. Add methanol, using about 30%
of the final volume, and shake by mechanical means for about 10 min. Dilute with
methanol to volume, and filter.
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Sample solution: Nominally 0.5 mg/mL of cefuroxime in Diluent from the Sample stock
solution. Protect the solution from light, and refrigerate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 278 nm
Column: 4.6-mm × 25-cm; 5-µm packing L13
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Peak identification solution
[Note—See Table 2 for the relative retention times. The Peak identification solution is
used to identify the locations of the cefuroxime axetil E-isomers.]
Suitability requirements
Resolution: NLT 1.5 between cefuroxime axetil diastereoisomer A and B; NLT 1.5
between cefuroxime axetil diastereoisomer A and cefuroxime axetil delta-3 isomers,
System suitability solution
Relative standard deviation: NMT 5.0%, cefuroxime axetil diastereoisomers A and B,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response of each impurity from the Sample solution
rS= sum of the peak responses of cefuroxime axetil diastereoisomers A and B from the
Standard solution
C=
S concentration of USP Cefuroxime Axetil RS in the Standard solution (mg/mL)
C=
U nominal concentration of cefuroxime axetil in the Sample solution (mg/mL)
P= potency of cefuroxime, on the anhydrous basis, in USP Cefuroxime Axetil RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: See Table 2.
Table 2

Name
Methoxyiminofuranyl acetic acida
Cefuroximeb
Cefuroxime lactonec
Cefuroxime axetil diastereoisomer B
Cefuroxime axetil diastereoisomer A
Cefuroxime axetil delta-3 isomersd

Cefuroxime axetil E-isomerse,f

Relative
Retention
Time
0.19
0.40
0.50
0.91
1.0
1.11
1.52
1.64

Acceptance
Criteria,
NMT (%)
0.15
0.70
0.15
—
—
1.0

1.0
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1.76
1.86
1.90
—
—

Cefuroxime axetil dimerg,h
0.80
Any individual unidentified degradation product
0.10
Total impurities
3.0
a (Z)-2-(Furan-2-yl)-2-(methoxyimino)acetic acid.
b (1RS,6R,7R)- 3-[(Carbamoyloxy)methyl]-7-[(Z)-2-(furan-2-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
c (Z)-N-((5aR,6R)-1,7-Dioxo-1,3,4,5a,6,7-hexahydroazeto[2,1-b]furo[3,4-d][1,3]thiazin6-yl)-2-(furan-2-yl)-2-(methoxyimino)acetamide.
d (1RS,6R,7R)-1-Acetoxyethyl 3-[(carbamoyloxy)methyl]-7-[(Z)-2-(furan-2-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylate.
e The system resolves two diastereomers. The limit is for the sum of the two
diastereomers.
f (1RS,6R,7R)-1-Acetoxyethyl 3-[(carbamoyloxy)methyl]-7-[(E)-2-(furan-2-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylate
g The system resolves three diastereomers. The limit is for the sum of the three
diastereomers.
h (6R,6¢R,7R,7¢R,Z)-Oxybis(ethane-1,1-diyl) bis{3-[(carbamoyloxy)methyl]-7-[(Z)-2(furan-2-yl)-2-(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2carboxylate}.
2S (USP36)

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 6.0%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in well-closed containers,
and store at controlled room temperature. 2S (USP36)
• Labeling: The labeling indicates whether the Tablets contain amorphous or crystalline
Cefuroxime Axetil. If Tablets contain a mixture of amorphous and crystalline Cefuroxime
Axetil, label to indicate the percentage of each contained therein. When more than one
Dissolution test is given, the labeling states the Dissolution test used only if Test 1 is not
used.
Change to read:
• USP Reference Standards 11
USP Cefuroxime Axetil RS
USP Cefuroxime Axetil Delta-3 Isomers RS
(1RS,6R,7R)-1-Acetoxyethyl 3-[(carbamoyloxy)methyl]-7-[(Z)-2-(furan-2-yl)-2(methoxyimino)acetamido]-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylate.
C20 H22 N4 O10 S
510.47
2S (USP36)

BRIEFING
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Chloroquine Phosphate, USP 35 page 2631. As part of the USP modernization effort, it is
proposed to replace the time-consuming wet chemistry Identification test for Identification—
Organic Nitrogenous Bases 181 with an Infrared Absorption 197K procedure. In
addition, the proposed procedure eliminates the use of the toxic solvent chloroform in the
current Identification test. The monograph has been reformatted to be consistent with USP
monograph redesign.
(SM1: B. Davani.)
Correspondence Number—C93255

Comment deadline: September 30, 2012
Chloroquine Phosphate

C18 H26 ClN3 ·2H3 PO4

515.86

1,4-Pentanediamine, N4-(7-chloro-4-quinolinyl)-N1,N1-diethyl-, phosphate (1:2);
7-Chloro-4-[[4-(diethylamino)-1-methylbutyl]amino]quinoline phosphate (1:2)
[50-63-5].
DEFINITION
Chloroquine Phosphate contains NLT 98.0% and NMT 102.0% of chloroquine phosphate
(C18 H26 ClN3 ·2H3 PO4 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197K

2S (USP36)

It meets the requirements under Identification—Organic Nitrogenous Bases
being substituted for carbon disulfide in the test.

181 , chloroform

2S (USP36)

• B. Ultraviolet Absorption 197U
Medium: Dilute hydrochloric acid (1 in 1000)
Sample solution: 10 µg/mL
Ratio: A343 /A329 , 1.00–1.15
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Add 1.0 mL of perchloric acid
to each 1 L of solution, adjust with phosphoric acid to a pH of 2.5 ± 0.5, and filter.
Mobile phase: Methanol and Buffer (22:78)
System suitability solution: 0.015 mg/mL of USP Hydroxychloroquine Sulfate RS and 0.15
mg/mL of USP Chloroquine Phosphate RS in water
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Standard solution: 0.15 mg/mL of USP Chloroquine Phosphate RS in water
Sample solution: 0.15 mg/mL in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 224 nm
Column: 4.6-mm × 10-cm; 5-µm packing L1
Column temperature: 25 ± 5
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for hydroxychloroquine and chloroquine are about 0.8
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between chloroquine and hydroxychloroquine
Column efficiency: NLT 2000 theoretical plates for chloroquine and hydroxychloroquine
Tailing factor: NMT 2.0 for chloroquine and hydroxychloroquine
Relative standard deviation: NMT 2.0% for chloroquine and hydroxychloroquine
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of chloroquine phosphate (C18 H26 ClN3 ·2H3 PO4 ) in the portion
of Chloroquine Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Chloroquine Phosphate RS in the Standard solution (mg/mL)
C=
U concentration of Chloroquine Phosphate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 16 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Chloroquine Phosphate RS
USP Hydroxychloroquine Sulfate RS
BRIEFING
Cholecalciferol Capsules. Because there is no existing USP monograph for this dosage form, a
new monograph is proposed.
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(DS: N. Davydova.)
Correspondence Number—C114330

Comment deadline: September 30, 2012
Add the following:
Cholecalciferol Capsules
DEFINITION
Cholecalciferol Capsules contain a solution of Cholecalciferol in an edible oil or other suitable
vehicle. Cholecalciferol Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of
vitamin D as cholecalciferol (C27 H44 O).
IDENTIFICATION
• A. The retention time of the major peak for cholecalciferol of the Sample solution
corresponds to that of Standard solution A, as obtained in the Assay.
ASSAY
• Procedure
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
System suitability solution: 250 mg of USP Vitamin D Assay System Suitability RS in 10
mL of n-hexane. Heat this solution under reflux, at 60 for 1 h, and cool. [Note—This
solution contains cholecalciferol, precholecalciferol, and trans-cholecalciferol.]
Standard stock solution: 50 µg/mL of USP Cholecalciferol RS in n-hexane. [Note—Prepare
this solution fresh daily.]
Standard solution A: 5 µg/mL of USP Cholecalciferol RS in n-hexane from the Standard
stock solution
Standard solution B: Transfer a 5-mL volume of the Standard stock solution to a
container having a polytef-lined screw cap. Displace the air with nitrogen and heat at 60
for 1 h under a nitrogen atmosphere, and cool. Quantitatively transfer the solution to a
50-mL volumetric flask, and dilute with n-hexane to volume.
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. With a sharp blade or
by other appropriate means, carefully open the Capsules, without loss of the shell
material, and transfer as much as possible of the combined Capsule contents to a suitable
container. Remove any adhering substance from the emptied Capsules and shell remains
by washing with several small portions of n-hexane. Discard the washings, and allow the
empty Capsules and shell remains to dry in a current of dry air until the odor of n-hexane
is no longer perceptible. Weigh the empty Capsules and shell remains in the original tared
weighing bottle, and calculate the average net weight per Capsule by difference. Dissolve
a portion of the combined Capsule contents in n-hexane to prepare a cholecalciferol
solution with a nominal concentration of 5 µg/mL.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 265 nm

621 , System Suitability.)
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Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for precholecalciferol, trans-cholecalciferol, and
cholecalciferol are 0.5, 0.6, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1 between the precholecalciferol and trans-cholecalciferol peaks
Relative standard deviation: NMT 2.0% for the cholecalciferol peak
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Cholecalciferol response factor
Calculate the cholecalciferol response factor, F C:
F C = CS/rS
C=
S concentration of USP Cholecalciferol RS in Standard solution A (µg/mL)
rS= peak area of cholecalciferol from Standard solution A
Precholecalciferol response factor
Calculate the concentration, C¢ S, in µg/mL, of cholecalciferol in Standard solution B:
C¢ S = F C × r¢ S
F=
C cholecalciferol response factor
r¢=
S peak area of cholecalciferol from Standard solution B
Calculate the concentration, C¢ pre, in µg/mL, of precholecalciferol in Standard solution B:
C¢ pre = CS

C¢ S

CS= concentration of USP Cholecalciferol RS in Standard solution A (µg/mL)
C¢=
S concentration of cholecalciferol in Standard solution B (µg/mL)
Calculate the response factor, F pre, for precholecalciferol:
F pre = C¢ pre/rp
C¢ pre
= concentration of precholecalciferol (µg/mL)
rp = peak response of precholecalciferol from Standard solution B
Content of vitamin D
Calculate the percentage of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) in the portion of Capsules taken:
Result = {[(F C × rC) + (F pre × rpre)]/CU} × 100
F C= response factor for cholecalciferol
rC = peak area of cholecalciferol from the Sample solution
F pre
= response factor for precholecalciferol
rpre= peak area of precholecalciferol from the Sample solution
CU= nominal concentration of cholecalciferol in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 701
Buffer solution: 0.05 M acetate buffer, prepared by mixing 2.99 g of sodium acetate and
1.66 mL of glacial acetic acid with water to obtain a 1000-mL solution having a pH of 4.5
± 0.05
Immersion fluid: Buffer solution
Time: 45 min
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: Label the Capsules to indicate the content of cholecalciferol, in mg. The activity
may be expressed also in terms of USP Units, on the basis that 40 USP Vitamin D Units = 1
µg.
• USP Reference Standards 11
USP Cholecalciferol RS
USP Vitamin D Assay System Suitability RS
2S (USP36)

BRIEFING
Cyclobenzaprine Hydrochloride, USP 35 page 2785. In an effort to modernize this
monograph, the following revisions are proposed:
1.
Identification by Ultraviolet Absorption is being replaced with identification by retention
time match.
2.
The nonspecific titrimetric procedure in the Assay is being replaced with a specific
stability-indicating HPLC procedure that has been validated using the X-Terra RP18
brand of L1 column manufactured by Waters Corporation. Cyclobenzaprine has a
retention time of about 12 min.
3.
The nonspecific TLC procedure in the test for Organic Impurities is being replaced with
a specific HPLC method that is capable of separating and quantifying five specified
impurities. This procedure has been validated using the Inertsil C8-3 brand of L7
column manufactured by GL Sciences, in which the retention time of cylcobenzaprine
is about 14 min.
4.
The test for Melting Range or Temperature is being deleted because the proposed
revisions provide enough assurance regarding the purity of the article.
5.
Two new Reference Standards are being introduced into the monograph for a resolution
check in the Organic Impurities procedure.
(SM4: R. Ravichandran.)
Correspondence Number—C89475

Comment deadline: September 30, 2012
Cyclobenzaprine Hydrochloride
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311.85

1-Propanamine, 3-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-N,N-dimethyl-, hydrochloride;
N,N-Dimethyl-5H-dibenzo[a,d]cycloheptene-D5, -propylamine hydrochloride

[6202-23-9].

DEFINITION
Change to read:
Cyclobenzaprine Hydrochloride contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% 2S (USP36)
of cyclobenzaprine hydrochloride (C20 H21 N·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 290 nm
Medium: Methanol
Sample solution: 15 µg/mL
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
• C. Identification Tests—General, Chloride
requirements.

191 : A 20-mg/mL solution meets the

ASSAY
Change to read:
• Procedure
Sample solution: 400 mg of Cyclobenzaprine Hydrochloride in 80 mL of glacial acetic acid.
Add 15 mL of mercuric acetate TS.
Analysis: Titrate with 0.1 N perchloric acid VS, using a platinum ring electrode and a
sleeve-type calomel electrode containing 0.1 N lithium perchlorate in glacial acetic acid
(see Titrimetry 541 ). Perform a blank determination, and make any necessary
correction. Each mL of 0.1 N perchloric acid is equivalent to 31.19 mg of C20 H21 N·HCl.
Acceptance criteria: 99.0%–101.0% on the dried basis
Mobile phase: Dissolve 2.0 g of ammonium acetate in 350 mL of water. Add 650 mL of
methanol, and adjust with 25% ammonium hydroxide to a pH of 8.9.
Standard solution: 0.2 mg/mL of USP Cyclobenzaprine Hydrochloride RS in Mobile phase
Sample solution: 0.2 mg/mL of Cyclobenzaprine Hydrochloride in Mobile phase
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 15 cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: About 2 times the retention time of cyclobenzaprine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cyclobenzaprine hydrochloride
(C20 H21 N·HCl) in the portion of Cyclobenzaprine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cyclobenzaprine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Cyclobenzaprine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis 2S (USP36)
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities
• Procedure
Standard solution A: 20 mg/mL of USP Cyclobenzaprine Hydrochloride RS in methanol
Standard solution B: 100 µg/mL of USP Cyclobenzaprine Hydrochloride RS from
Standard solution A in methanol
Sample solution: 20 mg/mL in methanol
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture. Wash the thin-layer
chromatographic plate with methanol before use.
Application volume: 5 µL
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Developing solvent system: Acetone, toluene, and ammonium hydroxide (75:25:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed for Chromatography 621 , Thin-Layer Chromatography. Develop
the chromatogram in a suitable chamber with a freshly prepared Developing solvent
system until the solvent front has moved about three-fourths of the length of the
plate. Remove the plate from the chamber, air-dry, and view under short-wavelength
UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of Standard solution A; and any other spot of the Sample solution
does not exceed, in size or intensity, the principal spot of Standard solution B (0.5%).
Mobile phase: Dissolve 4.0 g of ammonium acetate in 350 mL of water. Add 650 mL of
methanol, and adjust with diluted ammonia to a pH of 7.2.
System suitability solution: 0.4 mg/mL of USP Cyclobenzaprine Hydrochloride RS and
0.6 µg/mL each of USP Cyclobenzaprine Related Compound A RS and USP
Cyclobenzaprine Related Compound B RS in Mobile phase
Sample solution: 0.4 mg/mL of Cyclobenzaprine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 25 cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: About 3 times the retention time of cyclobenzaprine
System suitability
Sample: System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 2.0 between the cyclobenzaprine related compound A and
cyclobenzaprine related compound B peaks
Tailing factor: NMT 2.0 for the cyclobenzaprine peak
Relative standard deviation: NMT 2.0% for cyclobenzaprine
Analysis
Sample: Sample solution
Calculate the percentage of each specified impurity and any individual unspecified
impurity in the portion of Cyclobenzaprine Hydrochloride taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses for all peaks from the Sample solution
F= relative response factor for each impurity (see Table 1)
Acceptance criteria: See Table 1.
Table 1
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Relative
Relative
Acceptance
Retention
Response
Criiteria,
Name
Time
Factor
NMT (%, w/w)
Cyclobenzaprine related compound A
0.51
0.66
0.15
Cyclobenzaprine related compound B
0.59
1.0
0.15
a
Cyclobenzaprine N-oxide
0.74
0.93
0.15
Cyclobenzaprine
1.0
—
—
b
Amitriptyline
1.29
0.36
0.15
Dibenzocycloheptenonec
1.59
0.64
0.15
Any individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
1.0
a 3-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-N,N-dimethyl-1-propanamine N-oxide.
b 10,11-Dihydro-N,N-dimethyl-5H-dibenzo[a,d]cycloheptene-D5, ,-propylamine.
c Dibenzo[a,d]cyclohepten-5-one.
2S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 215 –219 , but the range between beginning and

end of melting does not exceed 2 .

2S (USP36)

• Loss on Drying 731
Analysis: Dry a sample at 105 to constant weight.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Cyclobenzaprine Hydrochloride RS
USP Cyclobenzaprine Related Compound A RS
5-[3-(Dimethylamino)propyl]-10,11-dihydro-5H-dibenzo[a,d]-cyclohepten-5-ol.
C20 H23 NO
293.40
USP Cyclobenzaprine Related Compound B RS
3-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-N-methyl-1-propanamine.
C19 H19 N
261.36 2S (USP36)
BRIEFING
Cyclosporine, USP 35 page 2793. On the basis of comments received, the following revisions
are proposed.
1.
An orthogonal Identification procedure based on infrared absorption is added as part of
the USP monograph modernization initiative.
2.
The System suitability subsection in the Assay and the test for Organic Impurities is
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revised to include a Resolution criterion that is more suitable for a public standard.
The relative retention times for cyclosporine U and cyclosporine are included. The
Relative standard deviation limits are clarified to indicate the requirements for the
Assay and the test for Organic Impurities.
3.
The Chromatographic system subsection of the Assay is revised to explain the use of
the tubing attached to the column.
4.
The chemical name, composition, and molecular formula for cyclosporine U are included
in the USP Reference Standards section.
5.
The monograph has been updated to current USP style.
(SM1: A.Wise, S. Shivaprasad.)
Correspondence Number—C95344

Comment deadline: September 30, 2012
Cyclosporine

C62 H111 N11 O12

1202.61

Cyclo[[(E)-(2S,3R,4R)-3-hydroxy-4-methyl-2-(methylamino)-6-octenoyl]-l-2-aminobutyryl-Nmethylglycyl-N-methyl-l-leucyl-l-valyl-N-methyl-l-leucyl-l-alanyl-d-alanyl-N-methyl-l-leucyl-Nmethyl-l-leucyl-N-methyl-l-valyl];
[R-[R*,R*-(E)]]-Cyclic(l-alanyl-d-alanyl-N-methyl-l-leucyl-N-methyl-l-leucyl-N-methyl-l-valyl3-hydroxy-N,4-dimethyl-l-2-amino-6-octenoyl-l- -aminobutyryl-N-methylglycyl-N-methyl-lleucyl-l-valyl-N-methyl-l-leucyl)
[59865-13-3].
DEFINITION
Cyclosporine contains NLT 98.5% and NMT 101.5% of cyclosporine A (C62 H111 N11 O12 ),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile, tert-butyl methyl ether, water, and phosphoric acid
(430:50:520:1)
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Diluent: Acetonitrile and water (1:1)
System suitability solution: 1.25 mg/mL of USP Cyclosporine Resolution Mixture RS in
Diluent
Standard solution: 1.25 mg/mL of USP Cyclosporine RS in Diluent
Sample solution: 1.25 mg/mL of Cyclosporine in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4-mm × 25-cm; 3–5-µm packing L1; connected with 0.25-mm × 1-m stainless
steel tubing
Column temperature: 80 . The tubing and column are maintained at 80 ,
to ensure that the Mobile phase entering the column is heated to 80 . 2S (USP36)
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[
Note—The relative retention times for cyclosporine U and cyclosporine are 0.95 and 1.0,
respectively.] 2S (USP36)
Suitability requirements
Resolution: The cyclosporine U peak and the main cyclosporine peak are resolved from each
other.
NLT 1.0 between cyclosporine U and cyclosporine, System suitability solution 2S (USP36)
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cyclosporine (C62 H111 N11 O12 ) in the portion of Cyclosporine
taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak area of cyclosporine from the Sample solution
rS= peak area of cyclosporine from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
P= potency of cyclosporine in USP Cyclosporine RS (mg/mg)
Acceptance criteria: 98.5%–101.5% on the dried basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

Change to read:
• Organic Impurities
Mobile phase, Diluent, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
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Standard solution: 0.01 mg/mL of USP Cyclosporine RS in Diluent
System suitability
Samples: System suitability solution and Standard solution
[
Note—The relative retention times for cyclosporine U and cyclosporine are 0.95 and 1.0,
respectively.] 2S (USP36)
Suitability requirements
Resolution: The cyclosporine U peak and the main cyclosporine peak are resolved from each
other.
NLT 1.0 between cyclosporine U and cyclosporine, System suitability solution 2S (USP36)
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Cyclosporine taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak area of an individual impurity from the Sample solution
rS= peak area of cyclosporine from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
P= potency of cyclosporine in USP Cyclosporine RS (mg/mg)
Acceptance criteria
Reporting threshold is 0.05%.
Any individual impurity: NMT 0.7%
Total impurities: NMT 1.5%
SPECIFIC TESTS
• Loss on Drying 731
Sample: 100 mg
Analysis: Dry in a capillary-stoppered bottle under vacuum at a pressure not exceeding 5
mm of mercury at 60 for 3 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Cyclosporine RS
USP Cyclosporine Resolution Mixture RS
This is a 100:1 (w/w) mixture of cyclosporine and cyclosporine U. The chemical name
for cyclosporine U is given below.
Cyclo[[(E)-(2S,3R,4R)-3-hydroxy-4-methyl-2-(methylamino)-6-octenoyl]-l-2aminobutyryl-N-methylglycyl-N-methyl-l-leucyl-l-valyl-l-leucyl-l-alanyl-d-alanyl-Nmethyl-l-leucyl-N-methyl-l-leucyl-N-methyl-l-valyl].
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1188.58

2S (USP36)

BRIEFING
Cyproheptadine Hydrochloride, USP 35 page 2797. As part of the USP monograph
modernization effort, it is proposed to make the following changes:
1.
Replace the titration method in the Assay with the titration procedure from the 7th
edition of the European Pharmacopoeia that eliminates the use of mercuric acetate,
which is a safety hazard.
2.
Add a test for Organic Impurities based on the related substances procedure from the
7th edition of the European Pharmacopoeia. The procedure uses an Agilent
Technologies Zorbax SB C8 brand of L7 column. The typical retention time for
cyproheptadine is about 8 min.
3.
Replace Identification test B, which uses ultraviolet absorption, with an identification
test based on HPLC retention time agreement.
(SM4: D. Vicchio.)
Correspondence Number—C107339

Comment deadline: September 30, 2012
Cyproheptadine Hydrochloride

C21 H21 N·HCl·1½H2 O
350.88
C21 H21 N·HCl
323.87
Piperidine, 4-(5H-dibenzo[a,d]cyclohepten-5-ylidene)-1-methyl-, hydrochloride,
sesquihydrate;
4-(5H-Dibenzo[a,d]cyclohepten-5-ylidene)-1-methylpiperidine hydrochloride sesquihydrate
[41354-29-4].
Anhydrous
[969-33-5].
DEFINITION
Cyproheptadine Hydrochloride contains NLT 98.5% and NMT 100.5% of cyproheptadine
hydrochloride (C21 H21 N·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 286 nm
Medium: Alcohol
Sample solution: 16 µg/mL
Acceptance criteria: Absorptivities do not differ by more than 3.0%.
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The retention time of the cyproheptadine peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the test for Organic Impurities. 2S (USP36)
• C.
Sample solution: 10 mg/mL of Cyproheptadine Hydrochloride in methanol
Analysis: Place 1 drop of the Sample solution on a filter paper, dry, and view under shortwavelength UV light.
Acceptance criteria: A bright blue fluorescence is observed.
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 650 mg of Cyproheptadine Hydrochloride in 50 mL of glacial
acetic acid while heating. Cool the solution.
Titrimetric system
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Visual
Analysis: To the Sample solution add 10 mL of mercuric acetate, 0.5 mL of acetic
anhydride, and 1 drop of crystal violet. Titrate with titrant to a green endpoint. Perform
a blank determination, and make any necessary correction. Each mL of 0.1 N perchloric
acid is equivalent to 32.39 mg of cyproheptadine hydrochloride(C21 H21 N·HCl.)
Acceptance criteria: 98.5%–100.5% on the anhydrous basis
Sample: 250 mg of Cyproheptadine Hydrochloride
Diluent: Mixture of alcohol and 0.01 N hydrochloric acid (50:5)
Blank: 55 mL of Diluent
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N sodium hydroxide VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 55 mL of Diluent, and titrate with Titrant. Carry out a
blank titration, and determine the volume added between the two points of inflection.
Each mL of 0.1 N sodium hydroxide is equivalent to 32.39 mg of cyproheptadine
hydrochloride (C21 H21 N·HCl).
Acceptance criteria: 98.5%–100.5% on the anhydrous basis 2S (USP36)
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 30 ppm

Add the following:
• Organic Impurities
Buffer: 6.1 g/L of monobasic potassium phosphate, prepared as follows. Dissolve 6.1 g of
monobasic potassium phosphate in 900 mL of water, adjust with phosphoric acid to a pH
of 4.5, and dilute with water to 1000 mL.
Solution A: Acetonitrile and Buffer (40:60)
Solution B: Acetonitrile and Buffer (60:40)
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Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10.0
100
0
10.1
0
100
35.0
0
100
System suitability solution: 0.02 mg/mL each of USP Cyproheptadine Hydrochloride RS,
USP Cyproheptadine Related Compound A RS, USP Amitriptyline Related Compound A RS,
and USP Cyproheptadine Related Compound C RS in Solution A
Standard solution: 0.002 mg/mL each of USP Cyproheptadine Hydrochloride RS, USP
Cyproheptadine Related Compound A RS, USP Amitriptyline Related Compound A RS, and
USP Cyproheptadine Related Compound C RS in Solution A from the System suitability
solution
Sample solution: 2.0 mg/mL of Cyproheptadine Hydrochloride in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
[Note—See Table 2 for the relative retention times.]
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 7.0 between cyproheptadine and cyproheptadine related compound C,
System suitability solution
Relative standard deviation: NMT 15.0% for cyproheptadine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cyproheptadine related compound A, amitriptyline related
compound A, and cyproheptadine related compound C in the portion of Cyproheptadine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each related compound from the Sample solution
rS= peak response of the appropriate standard from the Standard solution
C=
S concentration of the appropriate USP Reference Standard in the Standard solution
(mg/mL)
C=
U concentration of Cyproheptadine Hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any individual unknown other impurity in the portion of
Cyproheptadine Hydrochloride taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual unknown impurity from the Sample solution
rS= peak response of cyproheptadine hydrochloride from the Standard solution
C=
S concentration of USP Cyproheptadine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Cyproheptadine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard peaks that are less than 0.05% of the
cyproheptadine peak.
Table 2
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.7
0.15
1.0
—
2.6
0.15
3.9
0.15
—
0.10
—
0.5

Name
Cyproheptadine related compound Ca
Cyproheptadine
Amitriptyline related compound Ab
Cyproheptadine related compound Ac
Any individual unknown impurity
Total impurities
a 5-(1-Methylpiperidin-4-yl)-5H-dibenzo[a,d]cyclohepten-5-ol.
b Dibenzosuberone.
c 5H-Dibenzo[a,d]cycloheptene.
2S (USP36)

SPECIFIC TESTS
• Acidity
Sample solution: 40.0 mg/mL of Cyproheptadine Hydrochloride in methanol
Analysis: To 25 mL of the Sample solution add methyl red TS, and titrate with 0.10 N
sodium hydroxide.
Acceptance criteria: NMT 0.15 mL of 0.10 N sodium hydroxide is required (0.05% as HCl).
• Water Determination, Method I

921 : 7.0%–9.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Amitriptyline Related Compound A RS
Dibenzosuberone.
C15 H12 O
208.26
USP Cyproheptadine Hydrochloride RS
USP Cyproheptadine Related Compound A RS
5H-Dibenzo[a,d]cycloheptene.
C15 H12
192.26
USP Cyproheptadine Related Compound C RS
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5-(1-Methyl-piperidin-4-yl)-5H-dibenzo[a,d]cyclohepten-5-ol.
C21 H23 NO
305.41 2S (USP36)
BRIEFING
Diphenhydramine Citrate, USP 35 page 2931. In response to USP's monograph modernization
initiative, the FDA commented that this monograph is on the list of “most in need of
modernization” because it does not include a test for Organic Impurities. Based on this
comment, the following changes are proposed.
1.
Add a test for Organic Impurities based on the Diphenhydramine Hydrochloride Related
substances procedure and limits from the 7th edition of the European
Pharmacopoeia. The procedure uses a Zorbax SB-C8 brand of L7 column. The typical
retention for diphenhydramine is about 5.5 min. Citric acid elutes at about 1.8 min
under the method conditions and does not interfere with the analysis of the specified
impurities.
2.
Replace the current titration Assay procedure with a method derived from the Organic
Impurities method. The method was validated with a Zorbax SB-C8 brand of L7
column. The typical retention time is about 5.5 min for diphenhydramine. This change
eliminates the use of toxic mercuric acetate, and simplifies the monograph by
allowing the same Chromatographic system to be used for both the Assay and the
test for Organic Impurities.
3.
Replace Identification test B, which uses ultraviolet absorption, with an identification
test based on HPLC retention time agreement.
4.
Revise the upper limit of the Diphenhydramine Citrate acceptance criteria from NMT
100.5% to NMT 102.0% to reflect the change in the Assay.
5.
Delete the nonspecific test for Melting Range or Temperature. This test is no longer
necessary because a specific HPLC-based test for Organic Impurities is being added.
(SM4: D. Vicchio.)
Correspondence Number—C109112

Comment deadline: September 30, 2012
Diphenhydramine Citrate

C17 H21 NO·C6 H8 O7

447.48

Ethanamine, 2-(diphenylmethoxy)-N,N-dimethyl-, 2-hydroxy-1,2,3-propanetricarboxylate
(1:1);
2-(Diphenylmethoxy)-N,N-dimethylethylamine citrate (1:1)
[88637-37-0].
DEFINITION
Change to read:
Diphenhydramine Citrate contains NLT 98.0% and NMT 100.5%
102.0% 2S (USP36)
of diphenhydramine citrate (C17 H21 NO·C6 H8 O7 ), calculated on the dried basis.
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IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Sample solution: 700 µg/mL in water
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
• C. Identification Tests—General, Citrate

191

ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 1.6 g of Diphenhydramine Citrate in a mixture of 100 mL of
glacial acetic acid and 20 mL of xylene. Add 20 mL of Mercuric Acetate TS.
Titrimetric system:
Titrant: 0.1N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Titrate with Titrant, determining the end-point potentiometrically. Carry out a
blank titration. Each mL of 0.1 N perchloric acid is equivalent to 44.75 mg of
diphenhydramine citrate (C17 H21 NO·C6 H8 O7 ).
Acceptance criteria: 98.0%–100.5% on the dried basis
Buffer: 5.4 g/L of monobasic potassium phosphate, adjusted with phosphoric acid to a
pH of 3.0
Mobile phase: See Table 1.
Table 1
Time
Buffer Acetonitrile
(min)
(%)
(%)
0
65
35
4
65
35
7
20
80
9
65
35
13
65
35
Diluent: Acetonitrile and Buffer (35:65)
System suitability solution: 0.15 mg/mL of USP Diphenhydramine Citrate RS and 0.1
mg/mL of USP Diphenhydramine Related Compound A RS in Diluent
Standard solution: 0.12 mg/mL of USP Diphenhydramine Citrate RS in Diluent
Sample solution: 0.12 mg/mL of Diphenhydramine Citrate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 10 µL
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System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
[Note—The relative retention times for diphenhydramine related compound A and
diphenhydramine are 0.9 and 1.0, respectively.]
Resolution: NLT 1.5 between diphenhydramine related compound A and
diphenhydramine, System suitability solution
Tailing factor: NMT 1.8, Standard solution
Relative standard deviation: NMT 0.85% for six replicate injections, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of diphenhydramine citrate (C17 H21 NO·C6 H8 O7 ) in the portion
of Diphenhydramine Citrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for diphenhydramine from the Sample solution
rS= peak response for diphenhydramine from the Standard solution
C=
S concentration of USP Diphenhydramine Citrate RS in the Standard solution (mg/mL)
C=
U concentration of Diphenhydramine Citrate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis 2S (USP36)
IMPURITIES
• Residue on Ignition 281
Sample: 8 g
Analysis: To the Sample add 5 mL of sulfuric acid, and char. After the substance is
thoroughly charred, add 4 mL of nitric acid and a few drops of sulfuric acid, heat gently
until fumes are no longer evolved, and ignite at 800 ± 25 until the carbon is consumed.
Place in a muffle furnace at 550 ± 50 for about 1 h. Continue the ignition until constant
weight is attained.
Acceptance criteria: NMT 0.1% remains.
Add the following:
• Organic Impurities
Buffer: 5.4 g/L of monobasic potassium phosphate, adjusted with phosphoric acid to a pH
of 3.0
Mobile phase: Acetonitrile and Buffer (35:65)
System suitability solution: 0.15 mg/mL each of USP Diphenhydramine Related Compound
A RS, benzhydrol, and USP Diphenhydramine Citrate RS in Mobile phase
Standard solution: 0.005 mg/mL of USP Diphenhydramine Citrate RS in Mobile phase
Sensitivity solution: 0.5 µg/mL of USP Diphenhydramine Citrate RS in Mobile phase from
the Standard solution
Sample solution: 1.1 mg/mL of Diphenhydramine Citrate in Mobile phase
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 10 µL
Run time: 8 times the retention time of diphenhydramine
System suitability
[Note—See Table 2 for the relative retention times.]
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 2.0 between diphenhydramine related compound A and
diphenhydramine
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Diphenhydramine Citrate
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of diphenhydramine from the Standard solution
C=
S concentration of USP Diphenhydramine Citrate RS in the Standard solution (mg/mL)
C=
U concentration of Diphenhydramine Citrate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard peaks that are less than 0.05% of the
diphenhydramine peak.

Name

Table 2
Relative
Retention
Time

Citric acida
Diphenhydramine related compound Ab
Diphenhydramine
4-Methyldiphenhydraminec
4-Bromodiphenhydramined
Benzhydrole
Benzophenonef
Any other unspecified impurity
Total impurities

0.3
0.9
1.0
1.4
1.8
3.8
7.7
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
—
1.6
0.5
—
—
1.4
0.3
1.4
0.3
2.4
0.3
1.4
0.3
1.0
0.10
—
1.0
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Salt counter ion is included in the table for identification purposes only.
2-(Diphenylmethoxy)-N-methylethanamine.
2-[(RS)-(4-Methylphenyl)phenylmethoxy]-N,N-dimethylethanamine.
2-[(RS)-(4-Bromophenyl)phenylmethoxy]-N,N-dimethylethanamine.
Diphenylmethanol.
Diphenylmethanone.

2S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature
end of melting does not exceed 2

741 : 146 –150 , but the range between beginning and
2S (USP36)

• Loss on Drying 731 :
Sample: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Diphenhydramine Citrate RS
USP Diphenhydramine Related Compound A RS
2-(Diphenylmethoxy)-N-methylethanamine hydrochloride.
C16 H19 NO·HCl
277.79 2S (USP36)
BRIEFING
Halobetasol Propionate, USP 35 page 3396. On the basis of comments received, it is
proposed to make the following revisions:
1.
Tighten the limit in the test for Residue on Ignition from 0.2% to 0.1%.
2.
Revise the temperature in the Analysis for Loss on Drying to be consistent with the
sponsor's FDA-approved specifications.
3.
Minor editorial changes have been made to be consistent with USP monograph redesign.
(SM2: H. Cai, C. Anthony.)
Correspondence Number—C88990

Comment deadline: September 30, 2012
Halobetasol Propionate
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C25 H31 ClF 2 O5

484.96

Pregna-1,4-diene-3,20-dione, 21-chloro-6,9-difluoro-11-hydroxy-16-methyl-17-(1oxopropoxy)-, (6 ,11 ,16 )-;
21-Chloro-6 ,9-difluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione 17propionate
[66852-54-8].
DEFINITION
Halobetasol Propionate contains NLT 98.0% and NMT 102.0% of halobetasol propionate
(C25 H31 ClF 2 O5 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Acetonitrile and water (90:110)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
2
64.5
35.5
22
64.5
35.5
23
100
0
30
100
0
Standard solution: 0.2 mg/mL of USP Halobetasol Propionate RS in acetonitrile
Sample solution: 0.2 mg/mL of Halobetasol Propionate in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
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Column temperature: 40
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of halobetasol propionate (C25 H31 ClF 2 O5 ) in the portion of
Halobetasol Propionate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of halobetasol propionate from the Sample solution
rS= peak response of halobetasol propionate from the Standard solution
C=
S concentration of USP Halobetasol Propionate RS in the Standard solution (mg/mL)
C=
U concentration of Halobetasol Propionate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
Change to read:
• Residue on Ignition 281 : NMT 0.2%
NMT 0.1% 2S (USP36)
• Heavy Metals, Method II 231 : NMT 20 ppm
• Organic Impurities
Mobile phase, Standard solution, and Sample solution: Prepare as directed in the
Assay.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 22,000 theoretical plates
Tailing factor: 0.9–1.1
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
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Calculate the percentage of any impurity in the portion of Halobetasol Propionate taken:
Result = (rU/rT) × 100
r=
U peak response of any individual impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria: See Table 2.
Table 2

Name
diflorasonea

21-Chloro
21-Acetate 17-propionate diflorasoneb
11-Propionate 21-chloro diflorasonec
Halobetasol propionate
9-Chloro halobetasol propionated
6-Chloro halobetasol propionatee
Any other individual impurity
Total impurities

Relative
Retention
Time
0.75
0.88
0.95
1.0
1.12
1.24
—
—

Acceptance
Criteria,
NMT (%)
0.15
0.15
0.15
—
0.15
0.15
0.10
1.0

a 21-Chloro-6 ,9-difluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione.
b 6 ,9-Difluoro-11 ,17,21-trihydroxy-16 -methylpregna-1,4-diene-3,20-dione 21acetate 17-propionate.
c 21-Chloro-6 ,9-difluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione 11propionate.
d 9,21-Dichloro-6 ,-fluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione
17-propionate.
e 6 ,21-Dichloro-9-fluoro-11 ,17-dihydroxy-16 -methylpregna-1,4-diene-3,20-dione 17propionate.
SPECIFIC TESTS
Change to read:
• Loss on Drying 731
Analysis: Dry a sample under vacuum at 70
105 2S (USP36)
for 3 h.
Acceptance criteria: NMT 1.0%
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in dioxane
Acceptance criteria: +87 to +99
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store between
2 and 8 .
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• USP Reference Standards 11
USP Halobetasol Propionate RS
BRIEFING
Lamivudine Oral Solution. Because there is no existing USP monograph for this drug product,
a new monograph is proposed based on validated methods of analysis. The liquid
chromatographic procedure in the test for Organic Impurities and in the Assay is based on
analysis performed with a Hypersil BDS-C18, 5-µm brand of L1 column. The typical retention
time for lamivudine is about 17 min.
(SM1: B. Davani.)
Correspondence Number—C102006

Comment deadline: September 30, 2012
Add the following:
Lamivudine Oral Solution
DEFINITION
Lamivudine Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
lamivudine (C8 H11 N3 O3 S). It may contain a suitable preservative.
IDENTIFICATION
• A. The retention time of the lamivudine peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 2.0 g/L of sodium heptanesulfonate in water. Add 1.0 mL of hydrochloric acid
and 1.0 mL of triethylamine per L of the solution.
Solution B: Acetonitrile and Solution A (50:50)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
20
60
40
30
10
90
33
10
90
34
100
0
45
100
0
Diluent: Acetonitrile and water (10:90)
System suitability solution: Dissolve the contents of 1 vial of USP Lamivudine Resolution
Mixture C RS in 2.5 mL of Diluent.
Standard solution: 0.2 mg/mL of USP Lamivudine RS in Diluent
Sample solution: Nominally 0.2 mg/mL of lamivudine in water
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 277 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1 mL/mL
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between lamivudine-S-sulfoxide and lamivudine-R-sulfoxide,
System suitability solution
Tailing factor: NMT 2.0 for the lamivudine peak, System suitability solution
Relative standard deviation: NMT 2% for the lamivudine peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lamivudine (C8 H11 N3 O3 S) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of lamivudine from the Sample solution
rS= peak response of lamivudine from the Standard solution
C=
S concentration of USP Lamivudine RS in the Standard solution (mg/mL)
C=
U nominal concentration of lamivudine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume

698 : Meets the requirements

IMPURITIES
• Organic Impurities
Solution A, Solution B, Mobile phase, Diluent, System suitability solution, Sample
solution, Chromatographic system, and System suitability: Proceed as directed in
the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of any individual impurity in the portion of Oral Solution taken:
Result = (rU/rS) × 100
r=
U peak response of each individual impurity
r=
S sum of the responses of all of the peaks excluding peaks due to added preservative(s)
or excipients
Acceptance criteria: See Table 2.
Table 2
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Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Name
Lamivudine-uracil derivativea
0.34
1.2
b
Cytosine
0.52
0.3
Lamivudine- S-sulfoxidec
0.61
0.3
d
Lamivudine- R-sulfoxide
0.63
0.6
Lamivudine carboxylic acid e,f
0.89
—
Lamivudine transg,f
0.94
—
Lamivudine
1.0
—
f
Salicylic acid
1.38
—
Any other identified impurity
—
0.3
Any individual unidentified impurity
—
0.2
Total impurities
—
2.0
a 1-[(2R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]uracil.
b 4-Aminopyrimidin-2(1H)-one.
c 1-[(2R,3S,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
d 1-[(2R,3R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
e (2RS,5SR)-5-(Cytosine-1-yl)-1,3-oxathiolane-2-carboxylic acid.
f This impurity is controlled in the drug substance and is not to be included in the total
impurities. Disregard any peak less than 0.01%.
g 1-[(2S,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine.
SPECIFIC TESTS
• pH

791 : 5.7–6.3

• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/mL. The total molds and yeasts
count does not exceed 102 cfu/mL. It meets the requirements of the test for absence of
Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers at controlled room
temperature.
• USP Reference Standards 11
USP Lamivudine RS
USP Lamivudine Resolution Mixture C RS
[Note—This reference standard contains lamivudine and several related impurities.]
2S (USP36)

BRIEFING
Levetiracetam Extended-Release Tablets. Because there is no existing USP monograph for
this drug product, a new monograph is proposed based on validated methods of analyses.
The liquid chromatographic procedure in the tests for the Assay and Dissolution is based on
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analyses performed with a Zorbax RX C-8, Agilent Technologies brand of L7 column. The
typical retention time for levetiracetam is about 6 min in both tests. The liquid
chromatographic procedure in the test for Organic Impurities is based on analyses
performed with a Inertsil ODS-3V brand of L1 column manufactured by GL Sciences. The
typical retention time for levetiracetam is about 10.0 min.
(SM4: H. Ramanathan.)
Correspondence Number—C110869

Comment deadline: September 30, 2012
Add the following:
Levetiracetam Extended-Release Tablets
DEFINITION
Levetiracetam Extended-Release Tablets contain NLT 90.0% and NMT 110.0% of the labeled
amount of levetiracetam (C8 H14 N2 O2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.4 g/L of anhydrous dibasic sodium phosphate in water. Adjust with phosphoric
acid to a pH of 3.5.
Mobile phase: Acetonitrile and Buffer (10:90)
Standard stock solution: 1.0 mg/mL of USP Levetiracetam RS prepared as follows. Weigh
a suitable quantity of the standard into a volumetric flask. Add Mobile phase to fill 60% of
flask volume and tetrahydrofuran to fill 4% of flask volume. Sonicate in cool water to
dissolve, equilibrate to room temperature. Dilute with Mobile phase to volume.
Standard solution: 0.08 mg/mL of USP Levetiracetam RS in Mobile phase from Standard
stock solution. Pass a portion of the solution through a suitable filter of 0.45-µm pore size.
Sample stock solution: Nominally, (L/100) mg/mL of levetiracetam from NLT 5 Tablets
prepared as follows, where L is the label claim in mg/Tablet. Transfer the Tablets to a
volumetric flask containing tetrahydrofuran to fill about 5% of flask volume. Stir for 30
min, and allow to stand for 5 min. Sonicate for 20 min with intermittent shaking. Add
Mobile phase to fill 80% of final volume, and sonicate in cold water for 20 min with
intermittent shaking. Add methanol to fill 10% of flask volume. Dilute with Mobile phase to
volume. Centrifuge for 15 min, and pass a portion of the solution through a suitable filter
of 0.2-µm pore size.
Sample solution: 0.08 mg/mL of levetiracetam in Mobile phase from Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
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Temperatures
Column: 30
Autosampler: 10
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 3 times the retention time of levetiracetam
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of levetiracetam (C8 H14 N2 O2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of levetiracetam from the Sample solution
rS= peak response of levetiracetam from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
C=
U nominal concentration of levetiracetam in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Buffer A: Dissolve 6.8 g of potassium dihydrogen phosphate and 0.2 g of sodium hydroxide
in 1 L of water. If necessary, adjust with 1 N sodium hydroxide to a pH of 6.0.
Medium: Buffer A; 900 mL
Apparatus 1: 100 rpm
Times: 1, 2, 4, and 8 h
Buffer B: 1.4 g/L of anhydrous dibasic sodium phosphate in water. Adjust with phosphoric
acid to a pH of 3.5.
Mobile phase: Acetonitrile and Buffer B (10:90)
Standard stock solution: 1.7 mg/mL of USP Levetiracetam RS in water. Sonication may be
used to aid in dissolution.
Standard solution: (L/900) mg/mL of USP Levetiracetam RS in Medium from Standard
stock solution, where L is the label claim in mg/Tablet. Pass a portion through a suitable
filter of 0.45-µm pore size.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
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Flow rate: 1.5 mL/min
Temperatures
Column: 30
Autosampler: 10
Injection volume: 5 µL
Run time: 2 times the retention time of levetiracetam
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration, Ci, of levetiracetam (C8 H14 N2 O2 ) in Medium (mg/mL)
after time point i:
Ci = (rU/rS) × CS
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
Calculate the percentage of the labeled amount (Qi) of levetiracetam (C8 H14 N2 O2 )
dissolved at each time point i:
Result 1 = C1 × V × (1/L) × 100
Result 2 = {[C2 × V] + [C1 × VS]} × (1/L) × 100
Result 3 = {[C3 × V] + [(C2+ C1) × VS]} × (1/L) × 100
Result 4 = {[C4 × V] + [(C3 + C2+ C1) × VS]} × (1/L) × 100
C1, C2, = concentration of levetiracetam in Medium in the portion of sample withdrawn
C3, C4 at time points 1, 2, 3, and 4, respectively (mg/mL)
V
= volume of Medium, 900 mL
VS
= volume of the Sample solution withdrawn from the vessel and replaced with
Medium (mL)
L
= label claim (mg/Tablet)
Tolerances: See Table 1 for 500-mg strength and Table 2 for 750-mg strength.
Table 1
Time Point, Time
i
(h)
1
1
2
2
3
4
4
8
Table 2

Amount
Dissolved
25%–45%
45%–65%
60%–80%
NLT 80%
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Time Point,
i
1
2
3
4

Time
(h)
1
2
4
8

Amount
Dissolved
33%–53%
45%–65%
65%–85%
NLT 80%

The percentages of the labeled amount of levetiracetam (C8 H14 N2 O2 ) dissolved at the
times specified conform to Acceptance Table 2 in Dissolution
• Uniformity of Dosage Units

711 .

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A: Dilute 2 mL of phosphoric acid with water to 1 L.
Diluent: Acetonitrile and Solution A (5:95)
Buffer: 1.4 g/L of anhydrous dibasic sodium phosphate in water. Adjust with phosphoric
acid to a pH of 3.5.
Mobile phase: Acetonitrile and Buffer (5:95). To each L of the mixture, add 1 g of sodium
1-hexanesulfonate monohydrate.
System suitability solution: 0.3 mg/mL of USP Levetiracetam RS in Diluent prepared as
follows. Dissolve the required amount of USP Levetiracetam RS in 10% of the final volume
of 0.1 N potassium hydroxide. Let the mixture react at room temperature for about 15 min,
and then neutralize by adding 0.1 N hydrochloric acid at 10% of the flask volume. Dilute
with Diluent to volume. [Note—This solution contains levetiracetam and levetiracetam
acid.]
Standard solution: 12.5 µg/mL of USP Levetiracetam RS in water. Sonication may be used
to aid in dissolution. Pass a portion of the solution through a suitable filter of 0.2-µm pore
size.
Sample solution: Nominally equivalent to 2.5 mg/mL of levetiracetam in water, from a
portion of crushed Tablets (NLT 20) prepared as follows. Transfer the weighed amount of
crushed Tablet powder to a volumetric flask containing water to fill 80% of final volume.
Sonicate in cold water for 10 min, equilibrate to room temperature. Dilute with water to
volume. Pass a portion through a suitable filter of 0.2-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Column: 30
Autosampler: 10
Flow rate: 2 mL/min
Injection volume: 20 µL
Run time: 5 times the retention time of levetiracetam
System suitability
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Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between levetiracetam and levetiracetam acid peaks, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any unspecified degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= response of each impurity from the Sample solution
rS= response of USP Levetiracetam RS from the Standard solution
C=
S concentration of USP Levetiracetam RS in the Standard solution (mg/mL)
C=
U nominal concentration of levetiracetam in the Sample solution (mg/mL)
Acceptance criteria: See Table 3.
Table 3
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)
—
—
0.30
—
0.10
0.60

Levetiracetam related compound Ba,d
0.40
Levetiracetam
1.0
b
Levetiracetam acid
1.3
c
,
d
Levetiracetam related compound A
1.9
Any individual unspecified degradation product
—
Total impurities
—
a (S)-2-Aminobutanamide.
b (S)-2-(2-Oxopyrrolidin-1-yl)butanoic acid.
c (S)-N-(1-Amino-1-oxobutan-2-yl)-4-chlorobutanamide.
d Process impurities controlled in the drug substance. Included for identification purposes
only. Not reported for the drug product, and not included in Total impurities.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• USP Reference Standards
USP Levetiracetam RS

11

2S (USP36)

BRIEFING
Lopinavir and Ritonavir Oral Solution. Because there is no existing USP monograph for this
dosage form, a new monograph based on submitted validation data is being proposed. The
liquid chromatographic procedures in the Assay and in the test for Organic Impurities are
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based on the Hypersil BDS C8 brand of L7 and the YMC C4 brand of L26 packing,
respectively. In the Assay, the typical retention times for ritonavir and for lopinavir are
about 26 and 33 min, respectively.
(SM1: B. Davani.)
Correspondence Number—C91529

Comment deadline: September 30, 2012
Add the following:
Lopinavir and Ritonavir Oral Solution
DEFINITION
Lopinavir and Ritonavir Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled
amounts of lopinavir (C37 H48 N4 O5 ) and ritonavir (C37 H48 N6 O5 S2 ).
IDENTIFICATION
• A. The retention times of the lopinavir and ritonavir peaks of the Sample solution correspond
to those of the Standard solution, as obtained in the Assay.
ASSAY
• Lopinavir and Ritonavir
Buffer: 4.1 g/L of monobasic potassium phosphate
Solution A: Acetonitrile and Buffer (65:35)
Solution B: Acetonitrile and Buffer (50:50)
Mobile phase: Acetonitrile, methanol, tetrahydrofuran, and Buffer (175:100:100:625).
Separately filter the Buffer and the premixed solvents before combining them to make the
Mobile phase.
Standard stock solution: 0.1 mg/mL each of USP Lopinavir RS and USP Ritonavir RS in
Solution B
Standard solution: 0.025 mg/mL each of USP Lopinavir RS and USP Ritonavir RS in Solution
B from the Standard stock solution
Sample stock solution: Nominally 4 mg/mL of lopinavir and 1 mg/mL of ritonavir in Solution
A prepared as follows. Transfer a volume of Oral Solution equivalent to 400 mg of lopinavir
and 100 mg of ritonavir to a 100-mL volumetric flask with the aid of several small portions
of Solution A, and then dilute with Solution A to volume.
Sample solution: Nominally 0.05 mg/mL of lopinavir and 0.0125 mg/mL of ritonavir in
Solution B from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
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Sample: Standard solution
Suitability requirements
Capacity factor, k¢ : More than 15 for ritonavir
Tailing factor: 0.8–1.2 for the ritonavir peak
Column efficiency: More than 5000 theorietical plates for the ritonavir peak
Relative standard deviation: NMT 2.0% for the ritonavir and lopinavir peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of the labeled amounts of lopinavir (C37 H48 N4 O5 ) and ritonavir
(C37 H48 N6 O5 S2 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the corresponding analyte from the Sample solution
rS= peak response of the corresponding analyte from the Standard solution
C=
S concentration of USP Lopinavir RS or USP Ritonavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of lopinavir or ritonavir in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% of the labeled amounts of lopinavir (C37 H48 N4 O5 ) and
ritonavir (C37 H48 N6 O5 S2 )
PERFORMANCE TESTS
• Deliverable Volume
unit containers

698 : Meets the requirements for Oral Solution packaged in multiple-

IMPURITIES
• Organic Impurities
Buffer: 4.1 g/L of monobasic potassium phosphate
Solution A: 3.8 g/L of monobasic potassium phosphate and 0.25 g/L of dibasic potassium
phosphate
Solution B: Acetonitrile and Buffer (50:50)
Solution C: Acetonitrile, 1-butanol, and Buffer (15:5:80)
Solution D: Acetonitrile and Buffer (65:35)
Mobile phase: Acetonitrile, tetrahydrofuran, 1-butanol, and Solution A (18:8:5:69). Adjust
with 1 M phosphoric acid or 1 M potassium hydroxide, if necessary, to a pH of 6.3.
Standard stock solution: 0.1 mg/mL each of USP Lopinavir RS and USP Ritonavir RS in
Solution B
Standard solution: 0.01 mg/mL each of USP Lopinavir RS and USP Ritonavir RS from
Standard stock solution in Solution C.
Ritonavir degradant identification solution: Transfer a weighed portion of Oral Solution
to a crimp-top container. Add an amount of citric acid equivalent to 1% by weight of the
portion of Oral Solution taken. Seal the container, and heat at 50 for approximately four
days. This degraded solution is then prepared as described below in the Sample stock
solution and Sample solution sections.
Sample stock solution: Transfer 5 mL of Oral Solution with the aid of several small
portions of Solution D to a 100-mL volumetric flask, and dilute with Solution D to volume.
Sample solution: Dilute 25.0 mL of Sample stock solution with Solution C to 50.0 mL.
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Transfer 15.0 mL of this solution to a 50-mL centrifuge tube that has been previously
rinsed with methanol and dried. Add 20.0 mL of n-heptane, and shake vigorously until a
uniform emulsion is formed. Vent the tube periodically while shaking. Centrifuge the
emulsion for about 5 min, and carefully remove the upper heptane layer by aspiration,
leaving the clear sample preparation layer. Precondition a strong anion exchange cartridge
(quaternary ammonium functionality on a styrene/divinylbenzene base), with a sorbent
mass of 600 mg by rinsing the cartridge with 3 mL of methanol, then 3 mL of Solution D,
and repeating these rinse steps. Dry the cartridge for about 10 min with the aid of a low
vacuum. Transfer 5.0 mL of the clear sample preparation to the preconditioned cartridge.
With the aid of a vacuum, slowly pass the sample preparation completely through the
cartridge, collect the extract in a 5-mL volumetric flask, and then dilute with Solution D to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm and 240 nm
Column: 4.6-mm × 15-cm; 3-µm packing L26
Column temperature: 60
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: 2 times the retention time of lopinavir
System suitability
Samples: Standard solution and Ritonavir degradant identification solution
Suitability requirements:
Capacity factor, k¢ : More than 13 for ritonavir at 240 nm, Standard solution
Resolution: More than 2.5 between the ritonavir and lopinavir peaks at 215 nm,
Standard solution
Tailing factor: 0.8–1.2 for the ritonavir peak at 240 nm, Standard solution
Relative standard deviation: NMT 3.0% for the lopinavir and ritonavir peaks, Standard
solution
Analysis
Samples: Standard solution and Sample solution
To identify the ritonavir impurities, determine the relative retention times from the 240nm chromatogram relative to ritonavir (see Table 1). The Ritonavir degradant
identification solution may also be used to identify ritonavir degradants. Compare the
240-nm chromatogram to the 215-nm chromatogram. Impurities that appear in the 215nm chromatogram that are not identified as lopinavir impurities (see Table 2) should be
identified as unspecified ritonavir impurities. Calculate the percentage of each ritonavir
impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of ritonavir from the Standard solution
C=
S concentration of ritonavir in the Standard solution (mg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (mg/mL)
F= relative response factor
Acceptance criteria: See Table 1.
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Table 1

Name

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
—b
0.81
0.8
0.62
0.2
—
—b
0.59
0.5
—
—b
0.86
0.3
0.73
0.4
0.88
0.2
0.66
0.7
—
—b
—
—b
1.1
0.2
—
—b
—
—b
0.53
0.2
—
—b
—
—
—
—b
—
—b
—
—b
—
—b
—
—b
—
—b
1.0
0.2

Ureidovalinea
0.03
c
N-Deacylvaline ritonavir
0.11
Glycerol Carbamate analogd
0.14
e
Acetamidoalcohol
0.15
f
Hydroxypropyl carbamate analog
0.24g
2,5-Thiazolylmethyldicarbamateh
0.24i
Hydroxyritonavirj
0.36
k
Hydantoin aminoalcohol
0.39
Ritonavir hydroperoxidel
0.44i
Ethyl carbamate analogm
0.45i
Hydantoin-oxazolidinone derivativen
0.50
o
Ethyl analog
0.64
O-Acyl isomerp
0.74
q
BOC-aminoalcohol
0.81
r
Isobutoxycarbonyl aminoalcohol
0.81
Oxazolidinone derivatives
0.87
t
Ureidovaline isobutyl ester
0.94
Ritonavir
1.0
u
4-Hydroxy isomer
1.05
3R-Epimerv
1.11
Aminoalcohol urea derivativew
1.14
x
3R,5R-Epimer
1.23
5R-Epimery
1.32
Diacyl valine ureaz
1.70
Any unspecified ritonivir impurity
—
Total ritonavir impurities, specified and
—
—
3.0aa
unspecified
a [N-Methyl[(2-isopropyl-4-thiazolyl)methyl]amino]carbonyl-l-valine.
b These are process impurities which are included in this Table for identification only.
These impurities are controlled in the drug substance. They are not to be reported for
the drug product and are not included in the total impurities.
c Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-amino-3-methylbutanamido]-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
d Thiazol-5-ylmethyl (2S,3S,5S)-5-[(2S)-2-(2,3-dihydroxypropoxycarbonylamino)-3methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
e Thiazol-5-ylmethyl (2S,3S,5S)-5-[(2S)-2-(2-hydroxypropoxycarbonylamino)-3methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
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f Thiazol-5-ylmethyl (2S,3S,5S)-5-acetamido-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
g If two peaks appear with a relative retention of 0.24, the second peak will be identified
as 2,5-thiazolylmethyldicarbamate.
h 2,5-Thiazolylmethyldicarbamate.
i A single peak with a relative retention of 0.44 should be reported as the ethyl carbamate
analog due to possible co-elution with ritonavir hydroperoxide impurity.
j Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[2-(3-{[2-(2-hydroxypropan-2-yl)thiazol-4yl]methyl}-3-methylureido)acetamido]-1,6-diphenylhexan-2-ylcarbamate.
k Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1-yl]1,6-diphenylhexan-2-ylcarbamate.
l Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-ethoxycarbonylamino-3-methylbutanamido]-3hydroxy-1,6-diphenylhexan-2-ylcarbamate.
m Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
n (4S,5S)-Thiazol-5-ylmethyl 4-benzyl-5-{(S)-2-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1yl]-3-phenylpropyl}-2-oxooxazolidine-3-carboxylate.
o Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
p (S)-{(2S,3S,5S)-5-amino-1,6-diphenyl-2-[(thiazol-5-ylmethoxy)carbonylamino]hexan-3yl} 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate.
q Thiazol-5-ylmethyl (2S,3S,5S)-(5-t-butoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
r Thiazol-5-ylmethyl (2S,3S,5S)-(5-isobutoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
s (S)-N-[(S)-1-[(4S,5S)-4-benzyl-2-oxooxazolidin-5-yl]-3-phenylpropan-2-yl]-2-{3-[(2isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanamide.
t (S)-Isobutyl 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate.
u Thiazol-5-ylmethyl (2S,4S,5S)-4-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
v Thiazol-5-ylmethyl (2S,3R,5S)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
w Bis(thiazol-5-ylmethyl) (2S,2¢S,3S,3¢S,5S,5¢S)-5,5¢-carbonylbis(azanediyl)bis(3-hydroxy1,6-diphenylhexane-5,2-diyl)dicarbamate.
x Thiazol-5-ylmethyl (2S,3R,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
y Thiazol-5-ylmethyl (2S,3S,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
z (S)-N-[(2S,4S,5S)-5-(Thiazol-5-ylmethoxycarbonylamino)-4-hydroxy-1,6-diphenylhexan2-yl]-2-{3-[(2S,4S,5S)-5-(thiazol-5-ylmethoxycarbonylamino)-4-hydroxy-1,6diphenylhexan-2-yl]ureido}-3-methylbutanamide.
aa Disregard any peak less than 0.01% in the calculation of total impurities.
Determine the relative retention times from the 215-nm chromatogram relative to ritonavir
to identify the lopinavir impurities (see Table 2). Compare the 215-nm chromatogram to
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the 240-nm chromatogram. Any impurity that appears in the 240-nm chromatogram that is
not identified as a ritonavir impurity is identified as a lopinavir impurity. Do not include any
impurities identified as unspecified ritonavir impurities. Calculate the percentage of each
unspecified lopinavir impurity at 215 nm in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the individual impurity from the Sample solution
rS= peak response of lopinavir from the Standard solution
C=
S concentration of lopinavir in the Standard solution (mg/mL)
C=
U nominal concentration of lopinavir in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
Lopinavir aminoalcohola
Lopinavir N-formylaminoalcoholc
Lopinavir divalinated
Lopinavir phenoxyacetamidee
Lopinavir N-formylphenoxyacetamidef
Lopinavir N-acetylphenoxyacetamideg
Lopinavir oxazineh
Z-Diacylethenediaminei
Ritonavir
Isolopinavirj
Lopinavir 2,4-dimethylphenoxy isomerk
Lopinavir 4-epimerl
Lopinavir d-valine diastereomerm
Lopinavir (2R,4R) diastereomern
Lopinavir 2-epimero
Any unspecified lopinavir impurity
Total unspecified lopinavir impurities

Relative
Retention
Time
0.06
0.12
0.21
0.35
0.67
0.69
0.77
0.92
1.0
1.18
1.21
1.26
1.33
1.42
1.79
—
—

Acceptance
Criteria,
NMT (%)
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
—b
0.2p
0.5p
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a (S)-N-[(2S,4S,5S)-5-Amino-4-hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamide.
b These are process impurities which are included in this Table for identification only.
These impurities are controlled in the drug substance. They are not to be reported for
the drug product and are not included in the total impurities.
c (S)-N-[(2S,4S,5S)-5-Formamido-4-hydroxy-1,6-diphenylhexan-2-yl]-3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamide.
d (2S,2'S)-N,N'-[(2S,3S,5S)-3-Hydroxy-1,6-diphenylhexane-2,5-diyl]bis{3-methyl-2-[2oxotetrahydropyrimidin-1(2H)-yl]butanamide}.
e N-[(2S,3S,5S)-5-Amino-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6dimethylphenoxy)acetamide.
f 2-(2,6-Dimethylphenoxy)-N-[(2S,3S,5S)-5-formamido-3-hydroxy-1,6-diphenylhexan-2yl]acetamide.
g N-[(2S,3S,5S)-5-Acetamido-3-hydroxy-1,6-diphenylhexan-2-yl]-2-(2,6dimethylphenoxy)acetamide.
h N-{(S)-1-[(4S,6S)-4-Benzyl-2-oxo-1,3-oxazinan-6-yl]-2-phenylethyl}-2-(2,6dimethylphenoxy)acetamide.
i (Z)-N,N¢-(Ethene-1,2-diyl)bis[2-(2,6-dimethylphenoxy)acetamide].
j (S)-N-{(2S,3S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-3-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
k (S)-N-{(2S,4S,5S)-5-[2-(2,4-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
l (S)-N-{(2S,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
m (R)-N-{(2S,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
n (S)-N-{(2R,4R,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
o (S)-N-{(2R,4S,5S)-5-[2-(2,6-Dimethylphenoxy)acetamido]-4-hydroxy-1,6diphenylhexan-2-yl}-3-methyl-2-[2-oxotetrahydropyrimidin-1(2H)-yl]butanamide.
p Disregard any peak less than 0.01% in the calculation of total impurities.
SPECIFIC TESTS
• Alcohol Determination 611
Internal standard solution: 1-Butanol and methanol (1:20)
Internal standard identification solution: Dilute 5.0 mL of Internal standard solution with
methanol to 100 mL.
Standard solution: Prepare a solution containing 4.0% of USP Alcohol Determination–
Alcohol RS in methanol. Dilute a mixture of 10.0 mL of this solution and 5.0 mL of the
Internal standard solution with methanol to 100 mL.
Sample solution: Nominally 0.8 mg/mL of lopinavir and 0.2 mg/mL of ritonavir in methanol
prepared as follows. Transfer a volume of Oral Solution equivalent to 400 mg of lopinavir
and 100 mg of ritonavir to a 50-mL volumetric flask with the aid of several portions of
methanol, then dilute with methanol to volume. Dilute a mixture of 10.0 mL of this solution
and 5.0 mL of the Internal standard solution with methanol to 100 mL.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m fused silica capillary column coated with a 1-µm film of liquid
phase G16
Temperatures
Injection port: 185
Detector: 220
Column: See Table 3.
Table 3
Hold Time at
Initial
Temperature
Final
Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
40
0
40
5
40
10
145
6
145
20
200
9.75
Carrier gas: Helium
Flow rate: 4.5 mL/min
Injection volume: 1 µL
Injection type: Split ratio 4:1
System suitability
Sample: Standard solution
Suitability requirements:
Tailing factor: 0.8–1.2 for the alcohol peak
Relative standard deviation: NMT 3.0% for the peak area ratio of alcohol to the
internal standard
Analysis
Samples: Internal standard identification solution, Standard solution, and Sample
solution
Calculate the percentage of the labeled amount of alcohol in the portion of Oral Solution
taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of alcohol to 1-butanol from the Sample solution
RS= peak response ratio of alcohol to 1-butanol from the Standard solution
C=
S concentration of USP Alcohol Determination–Alcohol RS in the Standard solution
(mL/mL)
C=
U nominal concentration of alcohol in the Sample solution (mL/mL)
Acceptance criteria: 85.0%–115.0% of the labeled amount of alcohol (C2 H6 O)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• USP Reference Standards

11

PF 38(4): Jul.-Aug. 2012

252

USP Alcohol Determination–Alcohol RS
USP Lopinavir RS
USP Ritonavir RS
2S (USP36)

BRIEFING
Metolazone, USP 35 page 3895. As part of the USP monograph modernization effort, it is
proposed to replace the UV procedure for the Assay and the TLC procedure in the test for
Chromatographic purity (now titled Organic Impurities) with a stability-indicating HPLC
method. The proposed liquid chromatographic procedure in the Assay is based on analyses
performed with a Phenomenex Luna brand of 10-µm column with L1 packing. The proposed
liquid chromatographic procedure in the test for Organic Impurities is based on analyses
performed with a Phenomenex Prodigy brand of 5-µm column with L1 packing. The typical
retention time for metolazone under conditions specified for the Assay and the test for
Organic Impurities is about 23 min. The molecular weight of metolazone is updated to match
that in the USP Dictionary. Additionally, editorial changes have been made as part of USP
monograph redesign.
(SM2: H. Cai, S. Ramakrishna.)
Correspondence Number—C99340

Comment deadline: September 30, 2012
Metolazone
Change to read:

C16 H16 ClN3 O3 S
365.84
365.83 2S (USP36)

6-Quinazolinesulfonamide, 7-chloro-1,2,3,4-tetrahydro-2-methyl-3-(2-methylphenyl)-4-oxo;
7-Chloro-1,2,3,4-tetrahydro-2-methyl-4-oxo-3-o-tolyl-6-quinazolinesulfonamide
[17560-519].
DEFINITION
Metolazone contains NLT 97.0% and NMT 102.0% of metolazone (C16 H16 ClN3 O3 S), calculated
on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Sample solution: 5 µg/mL in methanol
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Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure:
Protect all solutions of Metolazone from light. 2S (USP36)
[Note—Use low-actinic glassware throughout the Assay.]
Standard solution: 40 µg/mL of USP Metolazone RS in methanol
Sample solution: 40 µg/mL of Metolazone in methanol
Spectrometric conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV-Vis
Analytical wavelength: Maximum at about 343 nm
Cell: 1 cm
Blank: Methanol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of C16 H16 ClN3 O3 S in the portion of Metolazone taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Metolazone RS in the Standard solution (µg/mL)
C=
U concentration of the Sample solution (µg/mL)
Buffer: 5.4 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to a pH
of 3.0.
Mobile phase: Acetonitrile, methanol, and Buffer (10:25:65)
Standard stock solution: 0.5 mg/mL of USP Metolazone RS in tetrahydrofuran
Standard solution: 0.05 mg/mL of USP Metolazone RS in alcohol from the Standard
stock solution
Sample stock solution: 1 mg/mL of Metolazone in tetrahydrofuran
Sample solution: 0.05 mg/mL of Metolazone in alcohol from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 10-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.4
Relative standard deviation: NMT 1.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of metolazone (C16 H16 ClN3 O3 S) in the portion of sample
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of metolazone from the Sample solution
rS= peak response of metolazone from the Standard solution
C=
S concentration of USP Metolazone RS in the Standard solution (µg/mL)
C=
U concentration of Metolazone in the Sample solution (µg/mL)
2S (USP36)

Acceptance criteria: 97.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : 15 ppm

Change to read:
• Organic Impurities
[Note—Protect Metolazone solutions from light.]
Standard solution A: 0.50 mg/mL of USP Metolazone RS in tetrahydrofuran
Standard solution B: 0.25 mg/mL from Standard solution A in tetrahydrofuran
Sample solution: 50 mg/mL of Metolazone in tetrahydrofuran
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Chloroform, ethyl acetate, and formic acid (11:8:1)
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Proceed as directed in the chapter. Examine the plate under short-wavelength UV light,
and compare the intensities of any secondary spots observed in the chromatogram of
the Sample solution with those of the principal spots in the chromatograms of the
Standard solution A and Standard solution B.
Acceptance criteria
Individual impurities: NMT 0.5%
Total impurities: NMT 1.0%
Buffer and Mobile phase: Proceed as directed in the Assay.
Standard stock solution: 0.48 mg/mL of USP Metolazone RS in tetrahydrofuran
Standard solution: 6 µg/mL of USP Metolazone RS in alcohol from the Standard stock
solution
Sample solution: 0.6 mg/mL of Metolazone, prepared as follows. Dissolve a suitable
amount of Metolazone with tetrahydrafuran in 50% of the total volume, and dilute with
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alcohol to volume.
Chromatographic system: Proceed as directed in the Assay, except for the following:
Run time: NLT 3.5 times the retention time of metolazone
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.4
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of metolazone from the Standard solution
C=
S concentration of USP Metolazone RS in the Standard solution (mg/mL)
C=
U concentration of Metolazone in the Sample solution (mg/mL)
F= relative response factor of each individual impurity (see Table 1)
Acceptance criteria: See Table 1.

Name
Desmethyl metolazonea
Metolazone benzamide analogb
Metolazone
meta-Metolazonec
para-Metolazoned
Didehydrometolazonee
Any other individual impurity
Total impuritiesf

Table 1
Relative
Retention
Time
0.7
0.8
1.0
1.3
1.4
1.5
—
—

Relative
Response
Factor
1.0
0.83
1.0
0.91
0.91
0.83
—
—

Acceptance
Criteria,
NMT (%)
0.5
0.5
—
0.5
0.5
0.5
0.10
1.0

a 7-Chloro-2-methyl-4-oxo-3-phenyl-1,2,3,4-tetrahydroquinazoline-6-sulfonamide.
b 2-Amino-4-chloro-5-sulfamoyl-N-(o-tolyl)benzamide.
c 7-Chloro-2-methyl-4-oxo-3-(m-tolyl)-1,2,3,4-tetrahydroquinazoline-6-sulfonamide.
d 7-Chloro-2-methyl-4-oxo-3-(p-tolyl)-1,2,3,4-tetrahydroquinazoline-6-sulfonamide.
e 7-Chloro-2-methyl-4-oxo-3-(o-tolyl)-3,4-dihydroquinazoline-6-sulfonamide.
f Sum of all individual impurities. Disregard any peaks less than 0.05%.
2S (USP36)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 1.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Metolazone RS

11
BRIEFING

Moexipril Hydrochloride Tablets. Because there is no existing USP monograph for this drug
product, a new monograph is proposed based on validated test methods. The proposed liquid
chromatographic procedures for the Assay and the tests for Dissolution and Organic
Impurities are validated using an Inertsil 5-µm column of packing L7 and an Inertsil ODS 3V
5-µm column of L1 packing, respectively. The typical retention times for moexipril are about
4.7 and 27 min based on the conditions specified for the Assay and the test for Organic
Impurities, respectively.
(SM2: S. Ramakrishna, H.Cai.)
Correspondence Number—C96498

Comment deadline: September 30, 2012
Add the following:
Moexipril Hydrochloride Tablets
DEFINITION
Moexipril Hydrochloride Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
moexipril hydrochloride (C27 H34 N2 O7 ·HCl).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.01 M potassium dihydrogen phosphate
Diluent: Acetonitrile and water (30:70)
Mobile phase: Acetonitrile and Buffer (350:650)
Standard solution: 0.075 mg/mL of USP Moexipril Hydrochloride RS in Diluent. Initially fill
with Diluent to about 70% of the total volume, and sonicate. Further dilute with Diluent to
volume.
Sample solution: Nominally 0.075 mg/mL of moexipril hydrochloride in Diluent, prepared
from a sufficient number of crushed Tablets as follows. Add Diluent to about 75% of the
total volume, and sonicate for 30 min with intermittent shaking. Dilute with Diluent to
volume, and pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 210 nm

621 , System Suitability.)
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Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 45
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 4 times the retention time of the moexipril peak
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Tailing factor: NMT 2.0
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of moexipril hydrochloride
(C27 H34 N2 O7 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Moexipril Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of moexipril hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Buffer, Diluent, Mobile phase, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Standard stock solution: 0.16 mg/mL of USP Moexipril Hydrochloride RS in Diluent. [Note
—Sonication may be necessary for complete dissolution.]
Standard solution: 0.016 mg/mL of USP Moexipril Hydrochloride RS in Medium from the
Standard stock solution for 15-mg Tablet strength and 0.008 mg/mL of USP Moexipril
Hydrochloride RS in Medium from the Standard stock solution for 7.5-mg Tablet strength
Sample solution: Pass 10 mL of the solution under test through a suitable filter of 0.45µm pore size, discarding the first 2–3 mL.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of moexipril hydrochloride
(C27 H34 N2 O7 ·HCl) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of moexipril from the Sample solution
rS= peak response of moexipril from the Standard solution
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C=
S concentration of USP Moexipril Hydrochloride RS in the Standard solution
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of moexipril hydrochloride
(C27 H34 N2 O7 ·HCl) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements for Content Uniformity

IMPURITIES
• Organic Impurities
Solution A: 0.25% of trifluoroacetic acid in water
Solution B: Acetonitrile and tetrahydrofuran (90:10)
Diluent: Acetonitrile and water (30:70)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
50
30
70
60
95
5
70
95
5
Impurity stock solution: 0.12 mg/mL of USP Moexipril Related Compound G RS in Diluent.
[Note—Sonication may be necessary for complete dissolution.]
System suitability solution: 1.2 mg/mL of USP Moexipril Hydrochloride RS and 2.4 µg/mL
of USP Moexipril Related Compound G RS from the Impurity stock solution in Diluent. [Note
—Sonication may be necessary for complete dissolution.]
Standard stock solution: 1.2 mg/mL of USP Moexipril Hydrochloride RS in Diluent. Initially
add Diluent to about 60% of the volume of the flask, and sonicate with intermittent
shaking for complete dissolution.
Standard solution: 6 µg/mL each of USP Moexipril Related Compound A RS and USP
Moexipril Related Compound B RS and 1.2 µg/mL of USP Moexipril Hydrochloride RS in
Diluent from the Standard stock solution. [Note—Sonication may be necessary for
complete dissolution.]
Sample solution: Nominally 1.2 mg/mL of moexipril hydrochloride in Diluent, prepared from
a sufficient number of crushed Tablets. Initially add Diluent to about 60% of the volume of
the flask, and sonicate for 20 min with intermittent shaking in ice cold water. Dilute with
Diluent to volume. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
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Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between moexipril and moexipril related compound G, System
suitability solution
Tailing factor: NMT 2.0 for the moexipril peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: System suitability solution, Standard solution, and Sample solution
Calculate the percentage of moexipril related compound A and moexipril related compound
B in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of moexipril related compound A and moexipril related compound B from
the Sample solution
rS= peak response of moexipril related compound A and moexipril related compound B in the
Standard solution
C=
S concentration of USP Moexipril Related Compound A RS and USP Moexipril Related
Compound B RS in the Standard solution (mg/mL)
C=
U nominal concentration of moexipril hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of any other individual unspecified degradation impurity in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual unspecified degradation impurity from the Sample
solution
rS= peak response of USP Moexipril Hydrochloride RS in the Standard solution
C=
S concentration of USP Moexipril Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of moexipril hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2

Name
compound Ea
compound F a
compound Ab
compound Ga

Moexipril related
Moexipril related
Moexipril related
Moexipril related
Moexipril
Moexipril related compound Da
Moexipril related compound Ca
Moexipril related compound Bc
Any other individual unspecified degradation impurity
Total impuritiesd

Relative
Retention
Time
0.31
0.77
0.85
0.94
1.00
1.17
1.27
1.43
—
—

Acceptance
Criteria,
NMT (%)
—
—
0.50
—
—
—
—
0.50
0.20
1.5
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a Process related impurities controlled in the drug substance.
b 2-Methyl-2-propylpropane-1,3-diyl dicarbamate.
c (S)-Ethyl 2-{(3S,11aS)-8,9-dimethoxy-3-methyl-1,4-dioxo-3,4-dihydro-1Hpyrazino[1,2-b]isoquinolin-2(6H,11H,11aH)-yl}-4-phenylbutanoate.
d Disregard peaks less than 0.02%.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature in tight, well-closed
containers, and protect from moisture.
• USP Reference Standards 11
USP Imidazole RS
USP Moexipril Hydrochloride RS
USP Moexipril Related Compound A RS
2-Methyl-2-propylpropane-1,3-diyl dicarbamate.
C25 H30 N2 O7
470.51
USP Moexipril Related Compound B RS
(S)-Ethyl 2-{(3S,11aS)-8,9-dimethoxy-3-methyl-1,4-dioxo-3,4-dihydro-1Hpyrazino[1,2-b]isoquinolin-2(6H,11H,11aH)-yl}-4-phenylbutanoate.
C27 H32 N2 O6
480.55
USP Moexipril Related Compound G RS
(S)-6,7-Dimethoxy-2-{(S)-2-[(S)-1-methoxy-1-oxo-4-phenylbutan-2ylamino]propanoyl}-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
C26 H32 N2 O7
484.54
2S (USP36)

BRIEFING
Moexipril Hydrochloride and Hydrochlorothiazide Tablets. Because there is no existing
monograph for this drug product, a new USP monograph is proposed based on validated test
methods. The proposed liquid chromatographic procedure for the Assay and the test for
Dissolution is validated using a Waters Symmetry, 5-µm column of L7 packing. The test for
Organic Impurities is validated using an Inertsil ODS 3V, 5-µm column of L1 packing. The
typical retention times for moexipril and hydrochlorothiazide are about 26 and 15 min,
respectively, based on the Organic Impurities procedure, and 9 and 4 min, respectively,
based on the Assay procedure.
(SM2: S. Ramakrishna.)
Correspondence Number—C96645

Comment deadline: September 30, 2012
Add the following:
Moexipril Hydrochloride and Hydrochlorothiazide Tablets
DEFINITION
Moexipril Hydrochloride and Hydrochlorothiazide Tablets contain NLT 90.0% and NMT 110.0%
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each of the labeled amounts of moexipril hydrochloride (C27 H34 N2 O7 ·HCl) and
hydrochlorothiazide (C7 H8 ClN3 O4 S2 ).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.01 M potassium dihydrogen phosphate
Mobile phase: Acetonitrile and Buffer (350:650)
Diluent: Acetonitrile and water (30:70)
Standard solution: Prepare solutions of USP Moexipril Hydrochloride RS and USP
Hydrochlorothiazide RS in Diluent, of concentrations stated in Table 1. Initially add Diluent
to 70% of the total volume, sonicate to dissolve, and then dilute with Diluent to volume.
Table 1
Tablet Strength
Moexipril Hydrochloride/
Concentration of
Concentration of
Hydrochlorothiazide
Moexipril Hydrochloride
Hydrochlorothiazide
(mg/mg)
(mg/mL)
(mg/mL)
7.5/12.5
0.006
0.01
15/12.5
0.006
0.05
15/25
0.006
0.01
Sample solution: Prepare the Sample solutions of nominal concentrations given in Table 1
from NLT 20 powdered Tablets as follows. Initially add Diluent to about 60% of the total
volume, sonicate for 45 min with intermittent shaking, and then dilute with Diluent to
volume. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 2.2 times the retention time of the moexipril peak
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2500 theoretical plates for moexipril and NLT 4000 theoretical
plates for the hydrochlorothiazide peaks
Tailing factor: NMT 2.0 for both moexipril and hydrochlorothiazide peaks
Relative standard deviation: NMT 2.0% for both moexipril and hydrochlorothiazide
peaks
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amounts of moexipril hydrochloride
(C27 H34 N2 O7 ·HCl) and hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of moexipril or hydrochlorothiazide from the Sample solution
rS= peak response of moexipril or hydrochlorothiazide from the Standard solution
C=
S concentration of USP Moexipril Hydrochloride RS or USP Hydrochlorothiazide RS in the
Standard solution (mg/mL)
C=
U nominal concentration of moexipril hydrochloride or hydrochlorothiazide in the Sample
solution (mg/mL)
Acceptance criteria: 90.0%–110.0% each of moexipril hydrochloride and
hydrochlorothiazide
PERFORMANCE TESTS
• Dissolution 711
Buffer, Mobile phase, Diluent, Chromatographic system, and System suitability:
Proceed as directed in the Assay.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 15 min
Standard solution: Prepare solutions of USP Moexipril Hydrochloride RS and USP
Hydrochlorothiazide RS in Medium of concentrations stated in Table 2.
Table 2
Tablet Strength
Concentration of
Moexipril Hydrochloride
Concentration of
USP
Hydrochloride/
USP Moexipril
Hydrochlorothiazide
Hydrochlorothiazide
Hydrochloride RS
RS
(mg/mg)
(µg/mL)
(µg/mL)
7.5/12.5
8
14
15/12.5
16
14
15/25
16
28
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size, discarding the first 2–3 mL.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amounts of moexipril hydrochloride
(C27 H34 N2 O7 ·HCl) and hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of moexipril or hydrochlorothiazide from the Sample solution
rS= peak response of moexipril or hydrochlorothiazide from the Standard solution
C=
S concentration of USP Moexipril Hydrochloride RS or USP Hydrochlorothiazide RS in the
Standard solution (mg/mL)
L= label claim for moexipril hydrochloride or hydrochlorothiazide (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 70% (Q) of the labeled amounts each of moexipril hydrochloride
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(C27 H34 N2 O7 ·HCl) and hydrochlorothiazide (C7 H8 ClN3 O4 S2 ) are dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Solution A: Add 1 mL of trifluoroacetic acid to 4 L of water.
Solution B: Acetonitrile and tetrahydrofuran (90:10)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
50
30
70
60
95
5
70
95
5
Diluent: Proceed as directed in the Assay.
System suitability solution: 1.2 mg/mL of USP Moexipril Hydrochloride RS, 2 mg/mL of USP
Hydrochlorothiazide RS, and 2.4 µg/mL of USP Moexipril Related Compound G RS in Diluent.
Initially add Diluent to 70% of the total volume, sonicate to dissolve, and then dilute with
Diluent to volume.
Standard solution: 1.2 µg/mL of USP Moexipril Hydrochloride RS, 12 µg/mL each of USP
Moexipril Related Compound A RS and USP Moexipril Related Compound B RS, 2 µg/mL of
USP Hydrochlorothiazide RS, and 40 µg/mL each of USP Benzothiadiazine Related
Compound A RS and USP Chlorothiazide RS in Diluent. Initially add Diluent to 70% of the
total volume, sonicate to dissolve, and then dilute with Diluent to volume.
Sample solution: Prepare solutions of nominal concentration given in Table 4. Initially add
Diluent to 70% of the total volume, and sonicate for 15 min with intermittent shaking in
ice cold water. Dilute with Diluent to volume, and pass through a suitable filter of 0.45-µm
pore size.
Tablet Strength
Moexipril
Hydrochloride/
Hydrochlorothiazide
(mg/mg)
7.5/12.5
15/12.5
15/25
Chromatographic system

Number
of
Tablets
(NLT)
20
10
10

Table 4
Nominal
Concentration
of Moexipril
Hydrochloride
(mg/mL)
1.2
1.8
1.2

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min

Nominal
Concentration
of
Hydrochlorothiazide
(mg/mL)
2
2
2

PF 38(4): Jul.-Aug. 2012

264

Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between the moexipril and moexipril related compound G peaks,
System suitability solution
Tailing factor: NMT 2.0 for both moexipril and hydrochlorothiazide peaks, Standard
solution
Relative standard deviation: NMT 5.0% for both moexipril and hydrochlorothiazide
peaks, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of moexipril related compound A and moexipril related compound
B in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of moexipril related compound A or moexipril related compound B from the
Sample solution
rS= peak response of USP Moexipril Related Compound A RS or USP Moexipril Related
Compound B RS from the Standard solution
C=
S concentration of USP Moexipril Related Compound A RS and USP Moexipril Related
Compound B RS in the Standard solution (mg/mL)
C=
U nominal concentration of moexipril hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of benzothiadiazine related compound A or chlorothiazide in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of benzothiadiazine related compound A or chlorothiazide from the
Sample solution
rS= peak response of benzothiadiazine related compound A or chlorothiazide from the
Standard solution
C=
S concentration of USP Benzothiadiazine Related Compound A RS or USP Chlorothiazide RS
in the Standard solution (mg/mL)
C=
U nominal concentration of hydrochlorothiazide in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any other individual impurity from the Sample solution
rS= peak response of moexipril from the Standard solution
C=
S concentration of USP Moexipril Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of moexipril hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 5.
Table 5
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Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
—

Name
Moexipril related compound Ea,b
0.31
c
Benzothiadiazine related compound A
0.47
1.00
Chlorothiazided
0.53
0.5
Hydrochlorothiazide
0.57
—
e,b
5-Chlorohydrochlorothiazide
0.62
—
f,b
Moexipril related compound F
0.77
—
Moexipril related compound Ag
0.85
1.00
h,b
Moexipril related compound G
0.94
—
Moexipril
1.00
—
i,b
Moexipril related compound D
1.17
—
Moexipril related compound Cj,b
1.27
—
Moexipril related compound Bk
1.43
1.00
Any other individual unspecified impurity
—
0.20
—
Total impurities
3.5l
a (S)-6,7-Dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
b Process related impurity controlled in the drug substance.
c 4-Amino-6-chloro-1,3-benzenedisulfonamide.
d 2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-, 1,1-dioxide.
e 5-Chloro-2H-1,2,4-benzothiadiazine-7-sulfonamide, 6-chloro-3,4-dihydro-, 1,1-dioxide.
f (S)-2-[(S)-1-Ethoxy-1-oxo-4-phenylbutan-2-ylamino]propanoic acid.
g 2-Methyl-2-propylpropane-1,3-diyl dicarbamate.
h (S)-6,7-Dimethoxy-2-{(S)-2-[(S)-1-methoxy-1-oxo-4-phenylbutan-2ylamino]propanoyl}-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
i (S)-2-{(S)-2-[(S)-4-Cyclohexyl-1-ethoxy-1-oxobutan-2-ylamino]propanoyl}-6,7dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
j (S)-tert-Butyl 2-{(S)-2-[(S)-1-ethoxy-1-oxo-4-phenylbutan-2-ylamino]propanoyl}-6,7dimethoxy-1,2,3,4-tetrahydroisoquinoline-3-carboxylate.
k (S)-Ethyl 2-{(3S,11aS)-8,9-dimethoxy-3-methyl-1,4-dioxo-3,4-dihydro-1H-pyrazino[1,2b]isoquinolin-2(6H,11H,11aH)-yl}-4-phenylbutanoate.
l Total impurities is a sum total of all specified and unspecified impurities.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and protect from light. Store at
controlled room temperature.
• USP Reference Standards 11
USP Benzothiadiazine Related Compound A RS
4-Amino-6-chloro-1,3-benzenedisulfonamide.
C6 H8 ClN3 O4 S2
285.73
USP Chlorothiazide RS
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2H-1,2,4-Benzothiadiazine-7-sulfonamide, 6-chloro-,1,1-dioxide.
C7 H6 ClN3 O4 S2
295.73
USP Hydrochlorothiazide RS
USP Moexipril Hydrochloride RS
USP Moexipril Related Compound A RS
2-Methyl-2-propylpropane-1,3-diyl dicarbamate.
C25 H30 N2 O7
470.51
USP Moexipril Related Compound B RS
(S)-Ethyl 2-{(3S,11aS)-8,9-dimethoxy-3-methyl-1,4-dioxo-3,4-dihydro-1Hpyrazino[1,2-b]isoquinolin-2(6H,11H,11aH)-yl}-4-phenylbutanoate.
C27 H32 N2 O6
480.55
USP Moexipril Related Compound G RS
(S)-6,7-Dimethoxy-2-{(S)-2-[(S)-1-methoxy-1-oxo-4-phenylbutan-2ylamino]propanoyl}-1,2,3,4-tetrahydroisoquinoline-3-carboxylic acid.
C26 H32 N2 O7
484.54
2S (USP36)

BRIEFING
Nifedipine, USP 35 page 4050. This monograph contains three Identification tests, two
spectrometric and one HPLC. As a part of USP monograph modernization efforts, it is
proposed to delete Identification test B, which is not orthogonal, and also to eliminate the
use of chloroform. In addition, the non-value–added test for Melting Range or Temperature
is deleted.
(SM2: S. Ramakrishna.)
Correspondence Number—C117198

Comment deadline: September 30, 2012
Nifedipine

C17 H18 N2 O6

346.33

3,5-Pyridinedicarboxylic acid, 1,4-dihydro-2,6-dimethyl-4-(2-nitrophenyl)-, dimethyl ester;
Dimethyl 1,4-dihydro-2,6-dimethyl-4-(o-nitrophenyl)-3,5-pyridinedicarboxylate
[21829-254].
DEFINITION
Nifedipine contains NLT 98.0% and NMT 102.0% of nifedipine (C17 H18 N2 O6 ), calculated on the
dried basis.
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[Note—Nifedipine, when exposed to daylight and certain wavelengths of artificial light, readily
converts to a nitrosophenylpyridine derivative. Exposure to UV light leads to the formation of a
nitrophenylpyridine derivative. Perform the Assay and other tests in the dark or under golden
fluorescent or other low-actinic light. Use low-actinic glassware.]
IDENTIFICATION
• A. Infrared Absorption 197K : Do not dry samples.
Delete the following:
• B. Ultraviolet Absorption 197U
Wavelength range: 450–200 nm
Sample stock solution: 1.4 mg/mL prepared as follows: To a 10-mL volumetric flask
containing 14 mg of Nifedipine add 1.0 mL of chloroform, dilute with methanol to volume,
and mix.
Sample solution: 0.014 mg/mL in methanol from Sample stock solution . 2S (USP36)
Change to read:
• C.
B. 2S (USP36)
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect the Standard solution and the Sample solution from actinic light. Conduct the
Assay promptly after preparation of the Standard solution and the Sample solution.
Mobile phase: Acetonitrile, methanol, and water (25:25:50)
Standard stock solution: 1 mg/mL of USP Nifedipine RS in methanol
Standard solution: 0.1 mg/mL in Mobile phase from Standard stock solution
Sample solution: 0.1 mg/mL of Nifedipine prepared as follows. Transfer about 25 mg of
Nifedipine to a 250-mL flask, dissolve in 25 mL of methanol, and dilute with Mobile phase
to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 4000 theoretical plates
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of nifedipine (C17 H18 N2 O6 ) in the portion of Nifedipine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Nifedipine RS in the Standard solution (mg/mL)
C=
U concentration of Nifedipine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%, an ignition temperature of 600 being used
• Heavy Metals, Method II 231 : NMT 10 ppm
• Organic Impurities
Protect Standard stock solution B and the Sample solution from actinic light. Conduct this
test promptly after preparation of Standard stock solution B and the Sample solution.
Mobile phase, Sample solution, and Chromatographic system: Proceed as directed in
the Assay.
Standard stock solution A: 1 mg/mL of USP Nifedipine RS in methanol
Standard solution A: 0.3 mg/mL of USP Nifedipine RS in Mobile phase from Standard stock
solution A
Standard stock solution B: 1 mg/mL of USP Nifedipine Nitrophenylpyridine Analog RS in
methanol
Standard solution B: 0.6 µg/mL of USP Nifedipine Nitrophenylpyridine Analog RS in Mobile
phase from Standard stock solution B
Standard stock solution C: 1 mg/mL of USP Nifedipine Nitrosophenylpyridine Analog RS in
methanol
Standard solution C: 0.6 µg/mL of USP Nifedipine Nitrosophenylpyridine Analog RS from
Standard stock solution C, diluted with Mobile phase
Standard solution D: Mobile phase, Standard solution B, and Standard solution C (1:1:1)
System suitability solution: Standard solution A, Standard solution B, and Standard
solution C (1:1:1)
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between nifedipine nitrophenylpyridine analog and nifedipine
nitrosophenylpyridine analog; NLT 1.0 between the nifedipine nitrosophenylpyridine
analog and nifedipine
Relative standard deviation: NMT 10% for both nifedipine nitrophenylpyridine analog
and nifedipine nitrosophenylpyridine analog
Analysis
Samples: Sample solution and Standard solution D
Calculate the percentage of nifedipine nitrophenylpyridine analog and nifedipine
nitrosophenylpyridine analog in the portion of Nifedipine taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of nifedipine nitrophenylpyridine analog or nifedipine nitrosophenylpyridine
analog from the Sample solution
rS= peak response of nifedipine nitrophenylpyridine analog or nifedipine nitrosophenylpyridine
analog from Standard solution D
C=
S concentration of USP Nifedipine Nitrophenylpyridine Analog RS or USP Nifedipine
Nitrosophenylpyridine Analog RS in Standard solution D (mg/mL)
C=
U concentration of Nifedipine in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.8
0.9
1.0

Acceptance
Criteria,
NMT (%)
0.2
0.2
—

Name
Nifedipine nitrophenylpyridine analoga
Nifedipine nitrosophenylpyridine analogb
Nifedipine
a Dimethyl 4-(2-nitrophenyl)-2,6-dimethylpyridine-3,5-dicarboxylate.
b Dimethyl 4-(2-nitrosophenyl)-2,6-dimethylpyridine-3,5-dicarboxylate.
• Limit of Chloride and Sulfate
Standard solution A: Add 5.0 mL of water to 10 mL of 8.2 µg/mL of sodium chloride
(corresponding to 5 µg/mL of chloride).
Standard solution B: Equivalent to 10 µg/mL of sulfate from potassium sulfate in water
Sample solution: To 5.0 g of Nifedipine add 4.0 mL of 6 N acetic acid and 46 mL of water.
Bring carefully to a boil on a hot plate. Cool, pass through filter paper that is free of
chloride and sulfate, and use the filtrate.
Chloride: Pipet 2.5 mL of the Sample solution into a 50-mL color-comparison tube, and add
12.5 mL of water. Into a matched color-comparison tube, pipet 10 mL of Standard solution
A. To each tube add 0.15 mL of 0.3 M nitric acid and 0.3 mL of silver nitrate TS, and mix.
Acceptance criteria: NMT 0.02%; the opalescence exhibited by the Sample solution
does not exceed that of Standard solution A.
Sulfate: Pipet into each of two 50-mL matched color-comparison tubes 1.5 mL of Standard
solution B. To each tube add, successively and with continuous shaking, 0.75 mL of
alcohol, 0.5 mL of a 6.1% aqueous solution of barium chloride, and 0.25 mL of 6 N acetic
acid. Shake for an additional 30 s. Pipet into one tube, designated the standard tube, 15
mL of Standard solution B. Pipet into the other tube, designated the sample tube, 3 mL of
Sample solution and 12 mL of water.
Acceptance criteria: NMT 0.05%; the turbidity exhibited by the Sample solution in the
sample tube does not exceed that of Standard solution B in the standard tube.
• Perchloric Acid Titration
Sample solution: Dissolve 4 g of Nifedipine in 160 mL of glacial acetic acid in a 250-mL
conical flask with the aid of an ultrasonic bath.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint: Visual
Analysis: Add 3 drops of p-naphtholbenzein TS to the Sample solution, and titrate with
Titrant to a green endpoint.
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Acceptance criteria: NMT 0.12 mL of 0.1 N perchloric acid is consumed for each g of
Nifedipine.
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class Ia

741 : 171 –175

2S (USP36)

• Loss on Drying 731
Analysis: Dry a sample at 105 to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Nifedipine RS
USP Nifedipine Nitrophenylpyridine Analog RS
Dimethyl 4-(2-nitrophenyl)-2,6-dimethylpyridine-3,5-dicarboxylate.
C17 H16 N2 O6
312
USP Nifedipine Nitrosophenylpyridine Analog RS
Dimethyl 4-(2-nitrosophenyl)-2,6-dimethylpyridine-3,5-dicarboxylate.
C17 H16 N2 O5
296
BRIEFING
Oxazepam, USP 35 page 4156. It is proposed to modernize the monograph by introducing an
Organic Impurities procedure with a selective HPLC method based on the Related
substances procedure for this drug substance from the 7th edition of the European
Pharmacopoeia. The procedure uses the Zorbax Extend C18 brand of L1 column
manufactured by Agilent Technologies, from which oxazepam elutes at about 15 min.
(SM4: H. Ramanathan.)
Correspondence Number—C101686

Comment deadline: September 30, 2012
Oxazepam

C15 H11 ClN2 O2

286.71

2H-1,4-Benzodiazepin-2-one, 7-chloro-1,3-dihydro-3-hydroxy-5-phenyl-, (±)-;
(±)-7-Chloro-1,3-dihydro-3-hydroxy-5-phenyl-2H-1,4-benzodiazepin-2-one
[604-75-1].
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DEFINITION
Oxazepam contains NLT 98.0% and NMT 102.0% of oxazepam (C15 H11 ClN2 O2 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Sample solution: 4 µg/mL in alcohol
Analytical wavelength: 229 nm
Acceptance criteria: Absorptivities, calculated on the dried basis, differ by NMT 3.0%.
ASSAY
• Procedure
Sample solution: Transfer about 400 mg of Oxazepam, accurately weighed, to a beaker,
and dissolve in 100 mL of dimethylformamide.
Analysis: Titrate the Sample solution with 0.1 N tetrabutylammonium hydroxide VS.
Determine the endpoint potentiometrically, using a calomel–glass electrode system and
taking precautions against absorption of atmospheric carbon dioxide. Perform a blank
determination, and make any necessary correction. Each mL of 0.1 N tetrabutylammonium
hydroxide is equivalent to 28.67 mg of oxazepam (C15 H11 ClN2 O2 ).
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.3%
Add the following:
• Organic Impurities
Prepare the solutions immediately before use.
Diluent: Acetonitrile and water (50:50)
Solution A: Dissolve 3.5 g of dipotassium hydrogen phosphate in 900 mL of water. Adjust
with 1 N sodium hydroxide to a pH of 10.5, and dilute with water to 1 L.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
4
75
25
34
25
75
45
25
75
50
75
25
60
75
25
System suitability solution: 1.6 µg/mL of USP Oxazepam Related Compound A RS and USP
Chlordiazepoxide Related Compound A RS and 0.8 mg/mL of USP Oxazepam RS in Diluent
Standard solution: 1.6 µg/mL of USP Oxazepam RS in Diluent

PF 38(4): Jul.-Aug. 2012

272

Sample solution: 0.8 mg/mL of Oxazepam in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 235 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between chlordiazepoxide related compound A and oxazepam
related compound A, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oxazepam taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of any impurity from the Sample solution
rS= peak area of oxazepam from the Standard solution
C=
S concentration of USP Oxazepam RS in the Standard solution (mg/mL)
C=
U concentration of oxazepam in the Sample solution (mg/mL)
F= relative response factor, see Table 2
Acceptance criteria: See Table 2. Disregard any peak representing less than 0.05% of
the area of the main peak.
Table 2
Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

Name
Chlordiazepoxide related compound Aa
0.7
1.0
0.2
b
Oxazepam related compound A
0.8
0.25
0.2
Oxazepam
1.0
—
—
c
Oxazepam related compound B
1.2
0.90
0.2
Oxazepam related compound Cd
1.4
1.0
0.2
e
Oxazepam related compound D
2.0
1.0
0.2
Any individual unknown impurity
—
—
0.10
Total impurities
—
—
1.0
a 7-Chloro-2-oxo-5-phenyl-2,3-dihydro-1H-benzodiazepine 4-oxide.
b 7-Chloro-5-phenyl-4,5-dihydro-1H-benzodiazepine-2,3-dione.
c 7-Chloro-2-oxo-5-phenyl-2,3-dihydro-1H-benzodiazepin-3-yl acetate.
d 6-Chloro-4-phenylquinazoline-2-carbaldehyde.
e 5-Chloro-2-aminobenzophenone.
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2S (USP36)

SPECIFIC TESTS
• pH 791
Sample solution: 20 mg/mL
Acceptance criteria: 4.8–7.0
• Loss on Drying 731
Analysis: Dry at a pressure below 5 mm of mercury at 105 for 3 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Chlordiazepoxide Related Compound A RS
7-Chloro-1,3-dihydro-5-phenyl-2H-1,4-benzodiazepin-2-one 4-oxide.
C15 H11 ClN2 O2
286.71 2S (USP36)
USP Oxazepam RS
USP Oxazepam Related Compound A RS
7-Chloro-5-phenyl-4,5-dihydro-1H-benzodiazepine-2,3-dione.
C15 H11 ClN2 O2
286.71 2S (USP36)
BRIEFING
Oxybutynin Chloride, USP 35 page 4164. It is proposed to make the following changes to the
monograph:
1.
Add Identification test B, based on HPLC retention time agreement.
2.
Tighten the system suitability requirement for the relative standard deviation in the
Assay from NMT 2.0% to NMT 1.0%, to be consistent with repeatability requirements
in Chromatography 621 .
3.
Delete the test for Melting Range or Temperature. This test is no longer necessary
because the current monograph contains a specific HPLC-based test for Organic
Impurities.
(SM3: E. Gonikberg.)
Correspondence Number—C115727

Comment deadline: September 30, 2012
Oxybutynin Chloride

C22 H31 NO3 ·HCl
Benzeneacetic acid,
(±)-;

393.95
-cyclohexyl- -hydroxy-, 4-(diethylamino)-2-butynyl ester hydrochloride,
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4-(Diethylamino)-2-butynyl (±)- -phenylcyclohexaneglycolate hydrochloride

[1508-65-2].

DEFINITION
Oxybutynin Chloride contains NLT 97.0% and NMT 102.0% of oxybutynin chloride
(C22 H31 NO3 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
ASSAY
Change to read:
• Procedure
Buffer: A solution containing 6.67 g/L of monobasic potassium phosphate and 8.55 g/L of
dibasic potassium phosphate
Mobile phase: Acetonitrile and Buffer (49:51)
Standard solution: 0.1 mg/mL of USP Oxybutynin Chloride RS in Mobile phase
Sample solution: 0.1 mg/mL of Oxybutynin Chloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 7.5-cm; 3-µm or 3.5-µm packing L7
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
1.0% 2S (USP36)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxybutynin chloride (C22 H31 NO3 ·HCl) in the portion of
Oxybutynin Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Oxybutynin Chloride RS in the Standard solution (mg/mL)
C=
U concentration of Oxybutynin Chloride in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% on the dried basis
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OTHER COMPONENTS
• Chloride Content
Sample: 600 mg of Oxybutynin Chloride, previously dried
Analysis: Dissolve the Sample in 100 mL of water, and add 5 mL of nitric acid. Titrate (see
Titrimetry 541 ) with 0.1 N silver nitrate VS, using a platinum–silver chloride electrode
system. Each mL of 0.1 N silver nitrate is equivalent to 3.545 mg of chloride (Cl).
Acceptance criteria: 8%–10%
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method I 231 : NMT 20 ppm
• Organic Impurities
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the Assay.
System suitability stock solution: 100 µg/mL each of USP Oxybutynin Related Compound
B RS and USP Oxybutynin Related Compound C RS in Mobile phase
Standard stock solution: 1.0 mg/mL of USP Oxybutynin Chloride RS in Mobile phase
System suitability solution: Transfer 10.0 mL of the System suitability stock solution to a
100-mL volumetric flask, add 10.0 mL of Standard stock solution, and dilute with Mobile
phase to volume.
Standard solution: 7.5 µg/mL of USP Oxybutynin Chloride RS from Standard stock solution
in Mobile phase
Sample solution: 5.0 mg/mL of Oxybutynin Chloride in Mobile phase
System suitability
Sample: System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.1 between oxybutynin related compound B and oxybutynin related
compound C
Relative standard deviation: NMT 2.0% for the oxybutynin peak
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms for a total time of NLT twice the retention time of the
oxybutynin peak.
Calculate the percentage of each impurity in the portion of Oxybutynin Chloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of oxybutynin from the Standard solution
C=
S concentration of USP Oxybutynin Chloride RS in the Standard solution (mg/mL)
C=
U concentration of Oxybutynin Chloride in the Sample solution (mg/mL)
F= relative response factor for each impurity (see Table 1)
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)
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Oxybutynin related compound Aa
0.08
1.4
0.5
Diphenyl analog of oxybutynin chlorideb
0.37
2.7
0.1
c
Oxybutynin related compound B
0.65
1.3
1.0
d
Oxybutynin related compound C
0.79
1.0
1.0
Oxybutynin
1.0
—
—
Cyclohexenyl analog of oxybutynin chloridee
1.8
0.4
1.0
f
Ethylpropyl analog of oxybutynin chloride
1.9
1.0
0.1
Any other individual impurity
—
1.0
0.1
Total impurities
—
—
1.0
a Phenylcyclohexylglycolic acid (cyclohexylmandelic acid, or CHMA).
b 4-(Diethylamino)but-2-ynyl 2-hydroxy-2,2-diphenylacetate.
c Methyl ester of phenylcyclohexylglycolic acid (methyl ester of cyclohexylmandelic acid,
or CHMME).
d Methylethyl analog of oxybutynin chloride (4-(ethylmethylamino) but-2-ynyl (±)-2cyclohexyl-2-hydroxy-2-phenylacetate).
e 4-(Diethylamino)but-2-ynyl (±)-2-(cyclohex-3-enyl)-2-cyclohexyl-2-hydroxyacetate.
f 4-(Ethylpropylamino)but-2-ynyl (±)-2-cyclohexyl-2-hydroxy-2-phenylacetate.
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 124 –129

2S (USP36)

• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 3.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Oxybutynin Chloride RS
USP Oxybutynin Related Compound B RS
Methyl ester of phenylcyclohexylglycolic acid, or CHMME (cyclohexyl mandelic acid
methyl ester).
USP Oxybutynin Related Compound C RS
Methylethyl analog of oxybutynin chloride, or 4-(ethylmethylamino) but-2-ynyl (±) 2cyclohexyl-2-hydroxy-2-phenylacetate hydrochloride.
BRIEFING
Pancuronium Bromide, USP 35–NF 30 page 4207. It is proposed to modernize the monograph
as follows.
1.
Replace the nonspecific titration procedure in the Assay with a stability-indicating HPLC
procedure.
2.
Replace the TLC procedure used in Identification test B with a retention time match
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based on the proposed HPLC procedure for the Assay.
3.
Revise the bromide identification test to require the use of only the silver nitrate
precipitate test, because chlorine gas and chloroform are used in the other
Identification Tests—General 191 test.
4.
Replace the TLC procedure used in the test for Organic Impurities with a selective HPLC
procedure.
5.
Introduce three new Reference Standards in the test for Organic Impurities.
6.
Delete the tests for Clarity of solution and Color of solution to be consistent with the
European Pharmacopoeia 7.0 monograph.
7.
Revise the Packaging and Storage section to be consistent with the European
Pharmacopoeia 7.0 monograph.
The HPLC procedure proposed for both the Assay and the test for Organic Impurities is based
on an isocratic HPLC procedure validated with the Alltima C18 brand of L1 column
manufactured by W.R. Grace & Co. Under the proposed chromatographic conditions,
pancuronium related compound A and pancuronium bromide elute at about 10 and 12 min,
respectively.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C102665

Comment deadline: September 30, 2012
Pancuronium Bromide

C35 H60 Br2 N2 O4

732.67

Piperidinium, 1,1¢-[(2 ,3 ,5 ,16 ,17 )-3,17-bis(acetyloxy)androstane-2,16-diyl]bis[1methyl]-, dibromide;
1,1¢-(3 ,17 -Dihydroxy-5 -androstan-2 ,16 -ylene)bis[1-methylpiperidinium] dibromide
diacetate;
2 ,16 -Dipiperidino-5 -androstane-3 ,17 -diol diacetate dimethobromide

[15500-66-0].

DEFINITION
Pancuronium Bromide contains NLT 98.0% and NMT 102.0% of pancuronium bromide
(C35 H60 Br2 N2 O4 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. The RF value of the principal spot of the Sample solution corresponds to that of Standard
solution B, as obtained in the Procedure under Organic Impurities.
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The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
Change to read:
• C. Identification Tests—General, Bromide 191 : A solution (1 in 10) meets the
requirements of the tests.
requirements of the silver nitrate precipitate test for bromide. 2S (USP36)
ASSAY
Change to read:
• Procedure
Sample solution: Transfer about 200 mg of Pancuronium Bromide to a 100-mL beaker,
and dissolve by stirring in 50 mL of acetic anhydride.
Analysis: Titrate the Sample solution with 0.1 N perchloric acid VS. Perform a blank
determination (see Titrimetry 541 ). Each mL of 0.1 N perchloric acid is equivalent to
36.63 mg of C35 H60 Br2 N2 O4 .
Diluent: 0.0024 M hydrochloric acid
Mobile phase: Acetonitrile, methanol, and 0.024 M hydrochloric acid (125:200:675)
Standard stock solution: 1.0 mg/mL prepared as follows. Transfer the required quantity
of USP Pancuronium Bromide RS to a suitable volumetric flask. Dissolve in 2% of the
flask volume of acetonitrile, dilute with Diluent to volume, and sonicate for 3 min.
Standard solution: 0.1 mg/mL of USP Pancuronium Bromide RS in Diluent, from the
Standard stock solution
Sample stock solution: 1.0 mg/mL prepared as follows. Transfer the required quantity
of Pancuronium Bromide to a suitable volumetric flask. Dissolve in 2% of the flask
volume of acetonitrile, dilute with Diluent to volume, and sonicate for 3 min.
Sample solution: 0.1 mg/mL of Pancuronium Bromide in Diluent, from the Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Column: 4.6-mm × 250-cm; 5-µm packing L1
Temperatures
Column: 35
Detector: 40
Suppressor: 4-mm cationic membrane suppressor or equivalent
Suppression solution: 0.15 M tetrabutylammonium hydroxide
Suppressor flow rate: 1 mL/min
Flow rate: 0.75 mL/min
Injection volume: 25 µL
Run time: 2 times the retention time of pancuronium
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
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Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pancuronium bromide (C35 H60 Br2 N2 O4 ) in the portion of
Pancuronium Bromide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Pancuronium Bromide RS in the Standard solution (mg/mL)
C=
U concentration of Pancuronium Bromide in the Sample solution (mg/mL)
2S (USP36)

Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Standard solution A: 0.1 mg/mL of USP Vecuronium Bromide RS and 10 mg/mL of USP
Pancuronium Bromide RS in methylene chloride
Standard solution B: 10 mg/mL of USP Pancuronium Bromide RS in methylene chloride
Sample stock solution: 10 mg/mL of Pancuronium Bromide in methylene chloride
Sample solution: 0.01 mg/mL from Sample stock solution in methylene chloride
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.2-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Isopropyl alcohol, acetonitrile, and a 400-mg/mL solution
of sodium iodide (85:10:5)
Spray reagent A: 20 g/L solution of sodium nitrite in water
Spray reagent B: Dragendorff's TS
Analysis
Samples: Sample stock solution, Sample solution, Standard solution A, and Standard
solution B
Develop in an unlined and unsaturated tank over a path of 8 cm. Spray the plate with
Spray reagent A, and allow to dry for 5 min. Spray the plate with Spray reagent B, and
cover the plate with a transparent glass cover.
Acceptance criteria: Any spot in the chromatogram of the Sample stock solution due to
vecuronium bromide is not more intense than the corresponding spot in the
chromatogram of Standard solution A: equivalent to NMT 1.0% of vecuronium bromide.
Any other spot in the chromatogram of the Sample stock solution, except for the
principal spot and any spot due to vecuronium bromide, is not more intense than the spot
in the chromatogram of the Sample solution: equivalent to NMT 0.1% of any individual
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impurity. In a valid test, the chromatogram of Standard solution A shows two clearly
separated spots. The RF values for pancuronium bromide and vecuronium bromide are 0.5
and 0.64, respectively.
Diluent, Mobile phase, Standard stock solution, and Chromatographic system:
Proceed as directed in the Assay.
System suitability solution: 1 mg/mL of USP Pancuronium Bromide RS, and 0.02 mg/mL
each of USP Pancuronium Bromide Related Compound A RS, USP Pancuronium Bromide
Related Compound B RS, USP Pancuronium Bromide Related Compound C RS, and USP
Vecuronium Bromide RS, prepared as follows. Transfer the required amounts of the
individual components to a suitable volumetric flask. Dissolve in 2% of the flask volume
of acetonitrile, dilute with Diluent to volume, and sonicate for 3 min.
Standard solution: 0.01 mg/mL of USP Pancuronium Bromide RS in Diluent, from the
Standard stock solution
Sample solution: 1.0 mg/mL prepared as follows. Transfer the required quantity of
Pancuronium Bromide to a suitable volumetric flask. Dissolve in 2% of the flask volume
of acetonitrile, dilute with Diluent to volume, and sonicate for 3 min.
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between pancuronium related compound B and pancuronium
related compound A, and NLT 1.5 between the pancuronium related compound C
and vecuronium peaks, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity, including any unspecified impurity, in the
portion of Pancuronium Bromide taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of pancuronium from the Standard solution
C=
S concentration of USP Pancuronium Bromide RS in the Standard solution (mg/mL)
C=
U concentration of Pancuronium Bromide in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name
Pancuronium related compound B
Pancuronium related compound A
Vecuronium related compound F a
Pancuronium
Pancuronium related compound C

Table 1
Relative
Retention
Time
0.73
0.81
0.9
1.0
1.39

Relative
Response
Factor
1.0
1.0
—
—
1.0

Acceptance
Criteria,
NMT (%)
0.1
0.1
—
—
0.1
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Vecuronium
1.53
0.48
1.0
Any individual unspecified impurity
—
1.0
0.10
Total impurities
—
—
1.0
a Piperidinium, 1-[(2,3,5,16,17)-17-acetyloxy-3-hydroxy-2-(1-piperidinyl)androstan-16yl]-1-methyl. This impurity is an acid degradation product of vecuronium bromide and
not that of pancuronium bromide.
2S (USP36)

SPECIFIC TESTS
Delete the following:
• Clarity of Solution
Solution A: 10 mg/mL of hydrazine sulfate
[Note—Allow to stand for 4–6 h before use. ]
Solution B: Transfer 2.5 g of methenamine to a 100-mL glass-stoppered flask, add 25 mL of
water, and mix to dissolve.
Solution C: Transfer 25.0 mL of Solution A into Solution B in the 100-mL volumetric flask.
Mix and allow to stand for 24 h. [Note—This suspension is stable for 2 months, provided it
is stored in a glass container free from surface defects. The suspension must not adhere
to the glass and must be well mixed before use. ]
Solution D: Transfer 15.0 mL of Solution C to a 1000-mL volumetric flask, dilute with water
to volume, and mix. [Note—This suspension should not be used beyond 24 h after
preparation. ]
Reference solution A: Transfer 5.0 mL of Solution D to a 100-mL volumetric flask, dilute
with water to volume, and mix.
Reference solution B: Transfer 10.0 mL of Solution D to a 100-mL volumetric flask, dilute
with water to volume, and mix.
Sample solution: Dissolve 50 mg of Pancuronium Bromide in about 20 mL of water, dilute
with water to 25 mL, and mix.
Analysis: Transfer a sufficient portion of the Sample solution to a test tube of colorless,
transparent, neutral glass with a flat base and an internal diameter of 15–25 mm to obtain
a depth of 40 mm. Similarly transfer portions of Reference solution A, Reference solution
B, and water to separate matching test tubes. Compare the Sample solution, Reference
solution A, Reference solution B, and water in diffused daylight, viewing vertically against
a black background (see Spectrophotometry and Light-Scattering 851 , Visual
Comparison).
[Note—The diffusion of light must be such that Reference solution A can readily be
distinguished from water, and Reference solution B can readily be distinguished from
Reference solution A. ]
Acceptance criteria: The Sample solution shows the same or more clarity than Reference
solution A. 2S (USP36)
Delete the following:
• Color of Solution
Standard stock solution: Ferric chloride CS, cobaltous chloride CS, cupric sulfate CS, and
a 10-mg/mL hydrochloric acid solution (3:3:2.4:1.6)
Standard solution: Transfer 1 mL of Standard stock solution to a 100-mL volumetric flask,
dilute with hydrochloric acid (10 mg/mL) solution to volume, and mix. [Note—Prepare this
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solution just before use. ]
Sample solution: Use the Sample solution prepared as directed in the test for Clarity of
Solution.
Analysis: Transfer a sufficient portion of the Sample solution to a test tube of colorless,
transparent, neutral glass with a flat base and an external diameter of 15–25 mm to
obtain a depth of 40 mm. Similarly transfer a portion of the Standard solution and water to
separate matching test tubes. Compare the Sample solution (see Spectrophotometry and
Light-Scattering 851 , Visual Comparison).
Acceptance criteria: The Sample solution is not more intensely colored than the Standard
solution or water. 2S (USP36)
• Optical Rotation, Specific Rotation 781S
Sample solution: 30 mg/mL in water
Acceptance criteria: +39 to +43
• Water Determination, Method I

921 : NMT 8.0%

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers, protected from light and moisture.
Store between 15 and 25 .
2S (USP36)

Change to read:
• USP Reference Standards 11
USP Pancuronium Bromide RS
USP Pancuronium Bromide Related Compound A RS
1,1¢-(3 ,17 -Dihydroxy-5 -androstan-2 ,16 -ylene) bis(1-methylpiperidinium)
dibromide.
C31 H56 Br2 N2 O2
648.60
USP Pancuronium Bromide Related Compound B RS
1,1¢-(17 -Acetoxy-3 -hydroxy-5 -androstan-2 ,16 -ylene) bis(1methylpiperidinium) dibromide.
C33 H58 Br2 N2 O3
690.63
USP Pancuronium Bromide Related Compound C RS
1,1¢-(3 -Acetoxy-17 -hydroxy-5 -androstan-2 ,16 -ylene) bis(1methylpiperidinium) dibromide.
C33 H58 Br2 N2 O3
690.63 2S (USP36)
USP Vecuronium Bromide RS
BRIEFING
Pancuronium Bromide Injection. The proposed new monograph for this dosage form
previously published on page 1097 of PF 32(4) [July–Aug. 2006] is hereby canceled and
replaced with the following new proposal. The HPLC procedure proposed for both the Assay
and the test for Organic Impurities is based on an isocratic procedure validated with the
Alltima C18 brand of L1 column manufactured by WR Grace. Under the proposed
chromatographic conditions, pancuronium bromide elutes at about 10 min in the Assay. In
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the Organic Impurities test, pancuronium bromide elutes at about 14 min.
(SM4: H. Ramanathan, R. Ravichandran.)
Correspondence Number—C102665

Comment deadline: September 30, 2012
Add the following:
Pancuronium Bromide Injection
DEFINITION
Pancuronium Bromide Injection is a sterile solution containing NLT 92.0% and NMT 105.0% of
the labeled amount of pancuronium bromide (C35 H60 Br2 N2 O4 ) in Water for Injection. It contains
a suitable tonicity-adjusting agent.
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: 0.0024 M hydrochloric acid
Mobile phase: Acetonitrile, methanol, and 0.024 M hydrochloric acid (125:220:655)
Standard stock solution: 1.0 mg/mL of USP Pancuronium Bromide RS prepared as follows.
Transfer the required quantity of USP Pancuronium Bromide RS to a suitable volumetric
flask. Dissolve in 2% of flask volume of acetonitrile. Dilute with Diluent to volume. Sonicate
for 3 min.
Standard solution: 0.1 mg/mL of USP Pancuronium Bromide RS from Standard stock
solution and Diluent
Sample solution: Nominally 0.1 mg/mL of pancuronium bromide from a suitable volume of
Injection in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity with suppression
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperatures
Column: 35
Detector: 40
Suppressor: 4-mm cationic membrane suppressor or equivalent
Suppression solution: 0.15 M tetrabutylammonium hydroxide
Suppressor flow rate: 1 mL/min
Flow rate: 0.75 mL/min
Injection volume: 25 µL
Run time: 2 times the retention time of pancuronium
System suitability
Sample: Standard solution
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Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample Solution
Calculate the percentage of the labeled amount of pancuronium bromide (C35 H60 Br2 N2 O4 )
in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Pancuronium Bromide RS in the Standard solution (mg/mL)
C=
U nominal concentration of pancuronium bromide in the Sample solution (mg/mL)
Acceptance criteria: 92.0%–105.0%
IMPURITIES
• Organic Impurities
Diluent, Standard stock solution, and Chromatographic system: Proceed as directed in
the Assay.
Mobile phase: Acetonitrile, methanol, and 0.024 M hydrochloric acid (125:180:695)
Standard solution: 0.02 mg/mL of USP Pancuronium Bromide RS from Standard stock
solution and Diluent
System suitability solution: 1 mg/mL of USP Pancuronium Bromide RS and 0.02 mg/mL
each of USP Pancuronium Bromide Related Compound A RS, USP Pancuronium Bromide
Related Compound B RS, USP Pancuronium Bromide Related Compound C RS and USP
Vecuronium Bromide RS as follows. Transfer the required amounts of individual components
to a suitable volumetric flask. Dissolve in 2% of the flask volume of acetonitrile, and dilute
with Diluent to volume. Sonicate for 3 min.
Sample solution: Nominally 1.0 mg/mL of pancuronium bromide from a suitable volume of
Injection in Diluent
System suitability
Samples: Standard solution and System suitability solution
[Note—See Table 1 for relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between pancuronium related compound B and pancuronium
related compound A, and NLT 1.5 between the pancuronium related compound C and
vecuronium peaks, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity as well as any unspecified impurity in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of each impurity from the Sample solution
rS= peak response for pancuronium peak from the Standard solution
C=
S concentration of USP Pancuronium Bromide RS in the Standard solution (mg/mL)
C=
U nominal concentration of pancuronium bromide in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.70
0.78
0.90
1.0
1.47
1.69
—
—

Acceptance
Criteria,
NMT (%)
3.0
0.4
—
—
2.0
—
0.2
5.0

Name
Pancuronium related compound B
Pancuronium related compound A
Vecuronium related compound F a
Pancuronium
Pancuronium related compound C
Vecuroniumb
Any individual unspecified degradation product
Total
a Piperidinium, 1-[(2,3,5,16,17)-17-acetyloxy-3-hydroxy-2-(1-piperidinyl)androstan-16yl]-1-methyl bromide.This impurity is the acid degradation product of vecuronium bromide
and may be present only in the System suitability solution.
b This process impurity is included for peak identification purposes only and is controlled in
the drug substance. This is not included in the total impurities.
SPECIFIC TESTS
• pH

791 : 3.8–4.2

• Particulate Matter 788 : It meets the requirements for small-volume injections.
• Bacterial Endotoxins Test
pancuronium bromide.
• Injections

85 : It contains NMT 50 USP Endotoxin Units/mg of

1 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant, single-dose Containers for
Injections, as described in Injections

1 , Packaging, preferably of Type 1 glass. Store in

a refrigerator between 2 and 8 , protected from light.
• USP Reference Standards 11
USP Pancuronium Bromide RS
USP Pancuronium Bromide Related Compound A RS
1,1¢-(3 ,17 -Dihydroxy-5 -androstan-2 ,16 -ylene) bis(1-methylpiperidinium)
dibromide.
C31 H56 Br2 N2 O2
648.60
USP Pancuronium Bromide Related Compound B RS
1,1¢-(17 -Acetoxy-3 -hydroxy-5 -androstan-2 ,16 -ylene) bis(1-
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methylpiperidinium) dibromide.
C33 H58 Br2 N2 O3
690.63
USP Pancuronium Bromide Related Compound C RS
1,1¢-(3 -Acetoxy-17 -hydroxy-5 -androstan-2 ,16 -ylene) bis(1methylpiperidinium) dibromide.
C33 H58 Br2 N2 O3
690.63
USP Vecuronium Bromide RS
2S (USP36)

BRIEFING
Paricalcitol Injection, USP 35 page 4221. On the basis of comments received, it is proposed to
make the following changes:
1.
To provide more flexibility for the manufacturers, add the note “if present” to the test
for Content of Propylene Glycol and Alcohol, and revise the Definition to allow other
suitable solvents. Revise the Acceptance criteria in the test for Content of Propylene
Glycol and Alcohol to be expressed as a percentage of the labeled amount of these
components and not as their expected concentrations in the product.
2.
Delete the statement pertaining to antimicrobial agents from the Definition. The
formulation of the Injection is inherently antimicrobial and meets the requirements of
general test chapter Injections 1 .
3.
In the test for Organic Impurities, add clarification statements to the Mobile phase and
Analysis. In addition, delete the Control standard solution and the system suitability
requirement for the Area ratio. The remaining criteria are sufficient to establish
suitability of the chromatographic system.
4.
Revise the note under the Assay from “Use low-actinic glassware to prepare solutions of
paricalcitol” to “Protect paricalcitol solutions from light”, to provide more flexibility for
the users.
5.
Revise the Packaging and Storage section to allow the storage in multi-dose containers,
to accommodate FDA-approved specifications.
(SM3: E. Gonikberg.)
Correspondence Number—C113601; C116811

Comment deadline: September 30, 2012
Paricalcitol Injection
DEFINITION
Change to read:
Paricalcitol Injection is a sterile solution of Paricalcitol in a mixture of Water for Injection,
Propylene Glycol, and Alcohol,
or other suitable solvents. 2S (USP36)
It contains NLT 90.0% and NMT 110.0% of the labeled amount of paricalcitol (C27 H44 O3 ). It
contains no antimicrobial agents.
2S (USP36)

IDENTIFICATION
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• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
[Note—Use low-actinic glassware to prepare solutions of paricalcitol.
Protect paricalcitol solutions from light. 2S (USP36)
]
Mobile phase: Methanol and water (4:1)
Diluent: Methanol and water (1:1)
Standard solution: Dilute USP Paricalcitol Solution RS with Diluent to obtain a solution
having a concentration of paricalcitol similar to that of the Injection.
Sample solution: Use the Injection.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 252 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100–200 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of paricalcitol (C27 H44 O3 ) in the portion of
Injection taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of paricalcitol in the Standard solution, calculated on the basis of the
content of paricalcitol in the USP Paricalcitol Solution RS (µg/mL)
C=
U nominal concentration of paricalcitol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
Change to read:
• Content of Propylene Glycol and Alcohol
(if present) 2S (USP36)
Mobile phase: 0.01 N sulfuric acid solution, filtered and degassed
Alcohol stock solution: Transfer 2.0 mL of dehydrated alcohol to a 10-mL volumetric flask,
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and dilute with water to volume.
Propylene glycol stock solution: Transfer 3.0 mL of propylene glycol to a 10-mL
volumetric flask, and dilute with water to volume.
Standard solution: Transfer 5.0 mL each of Alcohol stock solution and Propylene glycol
stock solution to a 50-mL volumetric flask, and dilute with water to volume.
Sample solution: Transfer 5.0 mL of Injection to a 50-mL volumetric flask, and dilute with
water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm × 30-cm; packing L17
Column temperature: 60
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—Elution order is propylene glycol followed by alcohol.]
Suitability requirements
Resolution: NLT 4.0 between propylene glycol and alcohol
Relative standard deviation: NMT 2.0% for each peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage
of the labeled amounts 2S (USP36)
of propylene glycol and alcohol in the portion of Injection taken:
Result = (rU/rS) × CS
Result = (rU/rS) × (CS/CU) × 100

2S (USP36)

r=
U peak response of alcohol or propylene glycol from the Sample solution
r=
S peak response of alcohol or propylene glycol from the Standard solution
C=S concentration of alcohol or propylene glycol in the Alcohol stock solution or Propylene glycol
stock solution (% v/v)
C=U nominal concentration of alcohol or propylene glycol (if present) in the Injection (% v/v)
Acceptance criteria : 16%–24% of dehydrated alcohol; 26%–34% of propylene glycol
Alcohol: 80.0%–120.0%
Propylene glycol: 80.0%–120.0% 2S (USP36)
IMPURITIES
• Aluminum 206
Diluent: Dilute 4 mL of nitric acid with water to 2000 mL.
Matrix modifier: 1.5 mg/mL of magnesium nitrate
Standard stock solution: Proceed as directed for Standard preparations in the chapter,
beginning with “Treat some aluminum wire” and ending with “Cool, and transfer the
solution, with the aid of water, to a 100-mL volumetric flask, and dilute with water to
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volume.” Transfer 2 mL of this solution to a second 100-mL volumetric flask, and dilute
with water to volume. Transfer 2 mL of this solution to a third 100-mL volumetric flask,
and dilute with water to volume. This solution contains 0.4 µg/mL of aluminum.
Standard solution A: 2.5 ng/mL of aluminum in Diluent, from the Standard stock solution
Standard solution B: 5.0 ng/mL of aluminum in Diluent, from the Standard stock solution
Standard solution C: 10 ng/mL of aluminum in Diluent, from the Standard stock solution
Standard solution D: 20 ng/mL of aluminum in Diluent, from the Standard stock solution
Standard solution E: 50 ng/mL of aluminum in Diluent, from the Standard stock solution
Sample solution: Dilute 4.0 mL of Injection with 6.0 mL of Diluent, or use an appropriate
dilution to obtain a solution having a concentration of NMT 0.02 µg/mL of aluminum.
System suitability solution: Dilute 9.5 mL of the Sample solution with 0.5 mL of the
Standard stock solution. If the resulting solution contains more than 0.04 µg/mL of
aluminum, prepare an alternate dilution having a concentration of about 0.02–0.04 µg/mL
of aluminum.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry; instrument equipped with a flameless,
electrically-heated furnace
Lamp: Aluminum hollow-cathode
Analytical wavelength: Aluminum emission line at 309.3 nm
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, Standard solution E, Sample solution, and System suitability solution
Under typical conditions, the sample volume is 20 µL, the volume of the Matrix modifier
is 5 µL, the injection temperature is 100 , and the oven conditions are as listed in Table
1. [Note—These conditions may be optimized for each instrument.]
Table 1
Step Temperature
Drying 1
110
Drying 2

130

Drying 3

200

Pyrrolysis

1100

Read

2300

Clean out

2450

Determine the absorbances of the samples. Plot the absorbances of the Standard
solutions versus the content of aluminum, in ng/mL, drawing a straight line best fitting
the five points. The correlation coefficient is NLT 0.995, the recovery for the System
suitability solution is 80%–120%, and the duplicate injections must agree within 0.0024
µg/mL. From the graph so obtained, determine the quantity of aluminum, C, in µg, found
in each mL of the Sample solution.
Calculate the quantity, in µg/mL, of aluminum in the portion of Injection taken:
Result = C × D
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C= measured concentration of aluminum in the Sample solution (µg/mL)
D= dilution factor used to prepare the Sample solution
Acceptance criteria: NMT 0.5 µg/mL
Change to read:
• Organic Impurities
Diluent: Acetonitrile and water (1:1)
Solution A: Acetonitrile and water (15:85)
Solution B: Acetonitrile
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
65
35
25
5
95
45
5
95
Return to the original conditions, and re-equilibrate the system. 2S (USP36)
Standard solution: Dilute USP Paricalcitol Solution RS with Diluent to obtain a solution
having a concentration of paricalcitol equal to 0.5% of the labeled concentration of the
Injection.
Control standard solution: Transfer 5.0 mL of the Standard solution to a 25.0-mL
volumetric flask, and dilute with Diluent to volume.
2S (USP36)

Degradation stock solution: Dilute 1 mL of USP Paricalcitol Solution RS with Diluent to 5
mL.
Degradation solution A: Transfer 1 mL of the Degradation stock solution and 0.1 mL of
30% hydrogen peroxide into a 10-mL container, and allow to stand at room temperature
for 1 h. Dilute with Diluent to 10 mL, and mix.
Degradation solution B: Mix 1 mL of the Degradation stock solution and 1 mL of 0.1 N
hydrochloric acid, and heat at 70 for 1 h. Cool to room temperature, dilute with Diluent
to 10 mL, and mix.
Sample solution: Use the Injection.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 252 nm
Columns
Guard: 4.6-mm × 7.5-cm; packing L1
Analytical: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 100–200 µL
System suitability
Samples: Standard solution, Control standard solution,
2S (USP36)

and Degradation solution B
Suitability requirements
Area ratio: 4.0–6.0 for the paricalcitol peak from the Standard solution to that from the
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Control standard solution
2S (USP36)

Resolution: NLT 1.0 between the paricalcitol peak and the related compound D peak,
Degradation solution B
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Diluent, Degradation solution A, Degradation solution B, Standard solution, and
Sample solution
Identify the impurities in the Sample solution on the basis of the relative retention times
of the components of Degradation solution A and Degradation solution B in Table 3.
Table 3
Relative
Acceptance
Degradation
Retention
Criteria,
a
Solution
Time
NMT (%)
2S (USP36)
Related compound A
A
0.63
1.0
Related compound B
A
0.79
1.0
Related compound C
B
0.89
1.0
Related compound D
B
0.95
1.0
b
Related compound E
B
1.32
1.0
Related compound F
B
1.57
1.0
Related compound G
B
1.66
1.0
Related compound H
B
1.74
1.0
Related compound I
B
1.79
1.0
Total impurities
—
—
2.0
a Related compounds A–I are specified unidentified degradation products. No
information is available about chemical structures or chemical names for these
impurities. 2S (USP36)
b This peak is very small; the signal-to-noise ratio is approximately 3–5.
Name

Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rS) × CS × (100/L)
rU= peak response of each impurity from the Sample solution
rS= peak response of paricalcitol from the Standard solution
C=
S concentration of paricalcitol in the Standard solution, calculated on the basis of the
content of paricalcitol in the USP Paricalcitol Solution RS (µg/mL)
L= labeled amount of paricalcitol in the Injection (µg/mL)
Acceptance criteria: See Table 3. Disregard any peak observed in the Diluent.
SPECIFIC TESTS
• Bacterial Endotoxins Test
paricalcitol.

85 : It contains NMT 10 USP Endotoxin Units/µg of

• Particulate Matter in Injections
injections

788 : Meets the requirements for small-volume

• Other Requirements: It meets the requirements under Injections

1 .

PF 38(4): Jul.-Aug. 2012

292

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose
or multi-dose 2S (USP36)
containers, preferably of Type I glass. Store at controlled room temperature.
• USP Reference Standards 11
USP Endotoxin RS
USP Paricalcitol Solution RS
BRIEFING
Rivastigmine. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analyses is proposed. The chromatographic
procedure in the Assay and the test for Organic Impurities is based on analyses performed
with the Merck Purospher RP18e brand of L1 column. The typical retention time for
rivastigmine is 9.5 min. The chromatographic procedure in the test for Enantiomeric Purity is
based on analyses performed with the Chromtech AB Chiral-AGP brand of L41 column, with a
typical retention time for rivastigmine of about 8 min.
(SM3: E. Gonikberg, A. Martin-Esker.)
Correspondence Number—C92096

Comment deadline: September 30, 2012
Add the following:
Rivastigmine

C14 H22 N2 O2

250.34

Ethylmethylcarbamic acid, 3-[(S)-1-(dimethylamino)ethyl]phenyl ester;
(S)-3-[1-(Dimethylamino)ethyl]phenyl ethyl(methyl)carbamate
[123441-03-2].
DEFINITION
Rivastigmine contains NLT 98.0% and NMT 102.0% of rivastigmine (C14 H22 N2 O2 ), calculated on
the anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197F
• B. The retention time of the major peak of the Sample solution corresponds to that of the
System suitability solution, as obtained in the test for Enantiomeric Purity.
ASSAY
• Procedure
[Note—Protect solutions containing rivastigmine from light.]
Buffer: 8.9 g/L of dibasic sodium phosphate dihydrate in water (0.05 M)
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Mobile phase: Methanol and Buffer (58:42), adjusted with phosphoric acid to a pH of 8.45.
[Note—Let the solution cool to room temperature before pH adjustment.]
System suitability solution: 1 mg/mL of USP Rivastigmine Tartrate RS, and 1 µg/mL each
of USP Rivastigmine Related Compound B RS, USP Rivastigmine Related Compound C RS,
and USP Rivastigmine Related Compound D RS in Mobile phase
Standard solution: 1.0 mg/mL of USP Rivastigmine Tartrate RS in Mobile phase
Sample solution: 0.625 mg/mL of Rivastigmine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 214 nm
Column: 4.0-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for rivastigmine related compound C, rivastigmine related
compound D, rivastigmine related compound B, and rivastigmine are 0.37, 0.56, 0.68, and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between rivastigmine related compound D and rivastigmine related
compound B, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rivastigmine (C14 H22 N2 O2 ) in the portion of Rivastigmine
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
Cs= concentration of USP Rivastigmine Tartrate RS in the Standard solution (mg/mL)
CU= concentration of Rivastigmine in the Sample solution (mg/mL)
Mr1
= molecular weight of rivastigmine, 250.34
Mr2
= molecular weight of rivastigmine tartrate, 400.42
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Heavy Metals
Diluent: Acetone and water (8:1)
Sample solution: Dissolve 500 mg of Rivastigmine in 20 mL of Diluent.
Standard lead solution: Prepare as directed in Heavy Metals 231 .
Reference solution: Dilute 1.0 mL of the Standard lead solution with Diluent to 20 mL.
Blank solution: 20 mL of Diluent
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Analysis
Samples: Sample solution, Reference solution, and Blank solution
To each solution add 2 mL of pH 3.5 Acetate Buffer, prepared as directed in Heavy Metals
231 , and mix. Add 1.2 mL of thioacetamide–glycerin base TS, and mix immediately.
Pass the solutions through a membrane filter of 0.45-µm pore size. Compare the spots on
the filters obtained from the different solutions: the brown color of the spot from the
Sample solution is not more intense than that of the spot from the Reference solution.
Acceptance criteria: NMT 20 ppm
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
[Note—Protect solutions containing rivastigmine from light.]
Buffer, Mobile phase, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.0025 mg/mL of USP Rivastigmine Tartrate RS in Mobile phase
Sensitivity solution: 0.5 µg/mL of USP Rivastigmine Tartrate RS in Mobile phase from the
Standard solution
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—The relative retention times for rivastigmine related compound C, rivastigmine related
compound D, rivastigmine related compound B, and rivastigmine are 0.37, 0.56, 0.68, and
1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between rivastigmine related compound D and rivastigmine related
compound B, System suitability solution
Signal-to-noise ratio: NLT 10 for rivastigmine, Sensitivity solution
Relative standard deviation: NMT 10%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any impurity in the portion of Rivastigmine taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response of any impurity from the Sample solution
rS= peak response of rivastigmine from the Standard solution
CS= concentration of USP Rivastigmine Tartrate RS in the Standard solution (mg/mL)
CU= concentration of Rivastigmine in the Sample solution (mg/mL)
Mr1
= molecular weight of rivastigmine, 250.34
Mr2
= molecular weight of rivastigmine tartrate, 400.42
F = relative response factor, see Table 1
Acceptance criteria: See Table 1. Disregard the system peak eluting at the relative
retention time of about 0.45.
Table 1

Name

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
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Phenol impurity (rivastigmine related compound
0.3
0.37
1.7
C)
Nor impurity (rivastigmine related compound B)
0.68
1.0
0.1
Rivastigmine
1.0
—
—
Any other individual impurity
—
1.0
0.10
Total impurities
—
—
0.5
• Enantiomeric Purity
[Note—Protect solutions containing rivastigmine from light.]
Buffer: Dissolve 1.78 g of dibasic sodium phosphate dihydrate and 1.38 g of monobasic
sodium phosphate in 1000 mL of water. Adjust with phosphoric acid to a pH of 6.0.
Mobile phase: Transfer 20.0 mL of acetonitrile and 205 µL of N,N-dimethyloctylamine into
a 1000-mL volumetric flask, and dilute with Buffer to volume.
System suitability solution: 0.1 mg/mL of USP Rivastigmine Tartrate RS and 0.1 µg/mL of
USP Rivastigmine Tartrate R-Isomer RS in Mobile phase
Standard solution: 0.1 µg/mL of USP Rivastigmine Tartrate R-Isomer RS in Mobile phase
Sample solution: 0.0625 mg/mL of Rivastigmine in Mobile phase
Sensitivity solution: 0.05 µg/mL of USP Rivastigmine Tartrate R-Isomer RS in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.0-mm × 10-cm; 5-µm packing L41
Flow rate: 0.5 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—The relative retention times for rivastigmine R-isomer and rivastigmine are 0.85 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 10%, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Resolution: NLT 0.8 between rivastigmine R-isomer and rivastigmine, System suitability
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of rivastigmine R-isomer in the portion of Rivastigmine taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of rivastigmine R-isomer from the Sample solution
rS= peak response of rivastigmine R-isomer from the Standard solution
CS= concentration of USP Rivastigmine Tartrate R-isomer RS in the Standard solution
(mg/mL)
CU= concentration of Rivastigmine in the Sample solution (mg/mL)
Mr1
= molecular weight of rivastigmine, 250.34
Mr2
= molecular weight of rivastigmine tartrate, 400.42

PF 38(4): Jul.-Aug. 2012

296

Acceptance criteria: NMT 0.3%
SPECIFIC TESTS
• Water Determination, Method Ia

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers under inert gas protected from light.
Store at 2 –8 .
• USP Reference Standards 11
USP Rivastigmine RS
USP Rivastigmine Related Compound B RS
Nor impurity;
(S)-3-[1-(Dimethylamino)ethyl]phenyl dimethylcarbamate.
C13 H20 N2 O2
236.31
USP Rivastigmine Related Compound C RS
Phenol impurity;
(S)-3-[1-(Dimethylamino)ethyl]phenol.
C10 H15 NO
165.23
USP Rivastigmine Related Compound D RS
Acetylphenol impurity;
3-Acetylphenyl ethyl(methyl)carbamate.
C12 H15 NO3
221.25
USP Rivastigmine Tartrate RS
USP Rivastigmine Tartrate R-Isomer RS
(R)-3-[1-Dimethylamino)ethyl]phenyl ethyl(methyl)carbamate tartrate.
C14 H22 N2 O2 · C4 H6 O6
400.42
2S (USP36)

BRIEFING
Sipuleucel-T. Because there is no existing USP monograph for this product, a new monograph
is being proposed.
(BIO22010: F. Atouf.)
Correspondence Number—C98130

Comment deadline: September 30, 2012
Add the following:
Sipuleucel-T
DEFINITION
Sipuleucel-T is an autologous cellular immunotherapy. The active components of sipuleucel-T
are autologous antigen presenting cells (APCs) and a recombinant protein, PAP-GM-CSF that
consists of human prostatic acid phosphatase (PAP) fused through the C-terminus to the Nterminus of human granulocyte-macrophage colony-stimulating factor (GM-CSF) by a Gly-Ser
linker. PAP is an antigen expressed in prostate cancer tissue and GM-CSF is an immune cell
activator. Minimal residual levels of the intact PAP-GM-CSF are detectable in the final product.
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Sipuleucel-T is prepared using a patient’s own peripheral blood mononuclear cells obtained via a
1.5–2.0 blood volume leukapheresis approximately 3 days prior to the infusion date. The cells
obtained are further processed and then cultured for 36–44 h in a nutrient-rich medium in the
presence of PAP-GM-CSF. The cells are then aseptically harvested, washed, formulated, and
packaged for intravenous infusion. Sipuleucel-T is a sterile, live cell suspension for autologous
use only. Each dose contains a minimum of 50 million autologous CD54+ cells activated with
PAP-GM-CSF, suspended in 250 mL of Lactated Ringer’s Injection, USP.
IDENTIFICATION
• A. Meets the requirements in the Assay.
ASSAY
• Procedure
[Note—To determine potency by flow cytometry, both an in-process sample taken prior to
culture with PAP-GM-CSF and a sipuleucel-T final product sample are tested.]
Phosphate buffered saline (PBS): Use Dulbecco’s phosphate-buffered saline without
calcium or magnesium, pH 7.0–7.2.
Analysis: Stain one 30-µL aliquot of cells (containing 20 × 106) with 40 µL of monoclonal
anti-CD54 antibody conjugated 1:1 with phycoerythrin (PE) and a second aliquot with 40
µL of isotype control antibody conjugated 1:1 with PE.1 Incubate for 15–25 min in the
dark, then wash away unbound antibody with PBS by centrifugation. Resuspend cells in
400 µL of PBS containing 1 µg/mL of laser dye styryl–751 (LDS-751),2 stain for 5 min, and
then add an equal volume of PBS to each sample. Reconstitute PE-conjugated flow
cytometry bead standards3 in 300 µL of PBS containing 0.5 µg/mL of LDS-751.
Data acquisition: Acquire the flow cytometry bead standards on a multi-color flow
cytometer using an acquisition plot with forward scatter (FSC) vs. side scatter (SSC)
axes and a gate to encompass approximately 10,000 bead singlet events. Use a second
acquisition plot gated on the bead singlet events to graph only the events in the singlet
gate by PE fluorescence vs. event count. Use histogram region markers to calculate the
geometric mean fluorescence intensity (MFI) of each of the labeled bead populations.
The number of PE molecules reported by the manufacturer is used to generate a PE vs.
MFI standard curve from which the number of PE molecules on the surface of the test
sample population can be calculated.
Acquire approximately 10,000 events for the CD54-PE and isotype control-stained test
samples using an acquisition plot with LDS-751 fluorescence vs. FSC and an inclusion
gate set on LDS+ leukocytes. This gate allows the user to remove nonspecific signal
from debris and/or erythrocytes from the evaluation. Precise gating and therefore
removal (from data analysis) of these two smaller product subcomponents is not critical
due to the use of a second acquisition plot that focuses solely on the analysis of CD54+
large cell events.
Calculating number of CD54+ cells: LDS fluorescence vs. FSC is evaluated for both the
anti-CD54-PE (1:1)-stained and the isotype control-stained samples. The second
analysis plot, which includes only the LDS+ leukocyte populations in both the test and
control samples, evaluates PE fluorescence vs. FSC, and is used to derive statistics for
each sample. A pair of stacked regions allow the user to set a threshold (lower region)
based on the isotype control-stained cells, while placing the upper region to encompass
the large CD54+ leukocytes. The latter region provides the results for both MFI and the
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percentage of large CD54+ cells present in each test sample. The percentage of large
CD54+ cells is multiplied by both the total leukocyte concentration (determined using an
automated hematology analyzer) and the percent of viable cells to obtain the number of
CD54+ cells in the product.
Calculating CD54 upregulation: To determine CD54 upregulation, stain, and acquire
preculture samples and final product samples as described above. For each sample,
calculate the MFI for the large CD54+ cells for both the isotype control and the antiCD54-PE (1:1)-stained sample. Using the corresponding bead standard PE vs. MFI
standard curves, convert the test MFI results to the number of PE molecules bound per
cell. To correct for nonspecific staining, subtract the isotype control result from the
corresponding result for the anti-CD54-PE (1:1)-stained sample to obtain the number of
PE molecules specifically bound. Divide the final product number of PE molecules
specifically bound by the preculture number to obtain the CD54 upregulation ratio.
Acceptance criteria: The preculture material must contain NLT 165 × 106 CD54+ cells to
meet in-process acceptance criteria. Sipuleucel-T final product must contain NLT 50 ×
106 CD54+ cells and must demonstrate NLT a 2.6-fold CD54 upregulation.
SPECIFIC TESTS
• ELISA Assay
[Note—To ensure that the cells have been treated with the appropriate antigen, an ELISA test
is used to measure residual intact PAP-GM-CSF in the final product.]
Phosphate buffered saline (PBS): Prepare as directed in the Assay.
Capture antibody: Prepare a solution containing 5 µg of monoclonal anti-PAP antibody/mL4
of PBS.
Assay diluent: Prepare a solution of 10% blocking solution5 in Lactated Ringer’s Injection,
USP.
Secondary antibody: Prepare a solution containing anti-GM-CSF antibody6 conjugated
with horseradish peroxidase (HRP) diluted in blocking solution.
2X positive control: Prepare a solution containing 500 pg of PAP-GM-CSF/mL of Assay
diluent.
Wash buffer: Dilute concentrated wash buffer7 to the recommended working strength.
Test sample: A 2-mL test sample is removed from the final product formulation. A 1-mL
aliquot of this sample is centrifuged to pellet the cells, and then 900 µL of supernatant is
combined with 100 µL of blocking solution in preparation for loading on the plate.
Analysis: Prepare assay plates by coating microtiter plate wells with Capture antibody for
120 min and then blocking with undiluted blocking solution. Load separate wells with either
50 µL of Assay diluent (in triplicate), 50 µL of Test sample, or 50 µL of a 1:1 mixture of
Test sample with 2X positive control. The triplicate Assay diluent wells act as a negative
control for the establishment of a background signal. Add 50 µL of Secondary antibody to
each well, and incubate for 90 min at room temperature. Wash the plate with Wash
buffer, and add 100 µL of TMB Chromogen.8 After 30 min, stop the reaction with 100 µL of
stop solution9 and, using a plate reader, determine the absorbance of the well contents
with an optical density of 450 nm, with a reference filter set to 570 nm.
Calculations and system suitability: The mean and standard deviation of the negative
control sample replicates (Assay diluent) are calculated. The mean of the Test sample
results is also calculated. The threshold value is calculated as the mean absorbance of
the negative control plus three times the standard deviation. The mean absorbance of the
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negative control must be NMT 0.061.
Acceptance criteria: If the Test sample mean absorbance is greater than the threshold
value, then the Test sample is identified as sipuleucel-T that has been exposed to PAPGM-CSF.
• Total Nucleated Cell Count Assay
Test sample: 2 mL of Sipuleucel-T. If required, dilute the sample with PBS to obtain a
result within the linear range of the method being used.
Analysis: Use a commercially available hematology analyzer or a manual counting
procedure to determine the white blood cell concentration on triplicate analyses of neat
sample derived from the appropriate process step. Proceed as directed in the instrument
operating manual or manual procedure.
Calculation: Multiply the white blood cell concentration by the net volume and the viability
of the sample to determine the total nucleated cell count.
Acceptance criteria: NLT 5 × 107 cells in the final product. The total nucleated cell result
for the final product formulation is used to determine the number of CD54+ cells.
• Trypan Blue Exclusion (Viability) Assay
Test sample: 2 mL of Sipuleucel-T
Analysis: Based on the cell concentration (which can be determined manually, or using an
automated hematology analyzer), dilute duplicate aliquots of the Test sample with PBS to
yield total counts of 100–400 cells per hemacytometer chamber. Mix equal volumes of
each Test sample with the same volume of 0.4% isotonic trypan blue. Load the samples in
a hemacytometer, and count the cells in the four large corner squares in each chamber.
Calculation: Calculate the percentage of viable cells (unstained cells) relative to the total
number of cells (stained and unstained cells).
Acceptance criteria: NLT 80% viability in both the incoming leukapheresis component and
in the sipuleucel-T final product.
• Sterility Tests

71 : Meets the requirements

• Bacterial Endotoxins Test 85 : NMT 0.5 USP Endotoxin Unit/mL of final product. A 2-mL
sample is removed from the final product formulation and 0.45-mL of this sample is mixed
with 0.45 mL of LAL Reagent Water, then 0.10-mL duplicate samples are analyzed.
ADDITIONAL REQUIREMENTS
• Labeling: The final product is labeled to indicate the identity of the patient, the expiration
time and date, the required storage conditions (refrigerated at 2–8 ), and the lot number.
The label indicates that the product is for autologous use only, and that the product is not
routinely tested for transmissible infectious diseases.
• Packaging and Storage: Sipuleucel-T is supplied in a sealed infusion bag labeled for the
specific recipient. The product is shipped in a cardboard shipping box with a special
insulated polyurethane container inside. The insulated container and gel packs within the
container maintain the appropriate transportation and storage temperature of sipuleucel-T
until infusion. The infusion bag must remain within the insulated polyurethane container and
shipping box until the time of administration.
• USP Reference Standards
USP Endotoxin RS

11

2S (USP36)

1 Suitable anti-C D54-PE (1:1) and isotype control-PE (1:1) antibodies can be obtained from Becton Dickinson,
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C atalog# 332811.
2 Suitable laser dye styryl–751 (LDS-751) can be obtained from Molecular Probes, C atalog# L-7595.
3 Suitable flow cytometry standards, QuantiBRITE-PE™ Beads, can be obtained from Becton Dickinson,
C atalog# 340495.
4 A suitable antibody can be produced with the hybridoma cell line, ATC C C atalog No. HB-8526, or Aragen
Bioscience, special Order.
5 A suitable blocking solution can be obtained from Thermo Scientific, C atalog# 337516.
6 A suitable antibody can be obtained from Anogen, C atalog# MO-C 40090T.
7 A suitable wash buffer concentrate can be obtained from Invitrogen, C atalog# WB01.
8 A suitable TMB C hromogen can be obtained from Invitrogen, C atalog # SB01.
9 A suitable stop solution can be obtained from Invitrogen, C atalog # SS01.

BRIEFING
Zinc Acetate Oral Solution. Because there is no existing USP monograph for this dosage form,
a new monograph is proposed.
(DS: N. Davydova.)
Correspondence Number—C114946

Comment deadline: September 30, 2012
Add the following:
Zinc Acetate Oral Solution
DEFINITION
Zinc Acetate Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of zinc
(Zn) as zinc acetate dihydrate (C4 H6 O4 Zn·2H2 O). It may contain one or more suitable flavors
and sweeteners, which are recognized as safe, in amounts that are unobjectionable.
IDENTIFICATION
• A. Identification Tests—General, Zinc
requirements

191 and Acetate

191 : Meets the

ASSAY
• Procedure
Sample: An accurately measured volume of Oral Solution, equivalent to 40 mg of zinc
Blank: 100 mL of water, 5 mL of ammonia–ammonium chloride buffer TS, and 0.1 mL of
eriochrome black TS
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Transfer the Sample to a 250-mL flask. Add 100 mL of water, 5 mL of ammonia–
ammonium chloride buffer TS, and 0.1 mL of eriochrome black TS. Titrate with Titrant to a
green endpoint.
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Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Oral Solution
taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
M= actual molarity of the Titrant (mmol/mL)
F= equivalency factor, 65.4 mg/mmol
W= nominal amount of zinc in the Sample (mg)
Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• pH

791 : 5.7–6.3

• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/mL. The total molds and yeasts
count does not exceed 101 cfu/mL. It meets the requirement of the test for absence of
Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store in a cool, dry place
protected from light.
• Labeling: Label the Oral Solution in terms of zinc acetate dihydrate (C4 H6 O4 Zn·2H2 O) and in
terms of elemental zinc. 2S (USP36)
Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
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pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participatingpharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Revision of USP General Chapter Deliverable Volume <698>
Long,a

David F.
John G. Shabushnig,a Paul D. Curry,a Jr.,James E. De Muth,a Erika S. Stippler,b
Naiffer E. Romero,b William E. Brownc
ABSTRACT This Stimuli article presents the rationale for both a recent revision to general
chapter Deliverable Volume 698 [proposed in PF 37(3) and currently official with the First
Supplement to USP 35–NF 30] and the proposed revision published elsewhere in this issue of PF.
The article presents results of laboratory investigations and calculations that provide support
for the revisions made by the USP General Chapters—Dosage Forms Expert Committee. These
revisions involve a new density determination procedure allowing measurement of volume by
weight, a procedure change for containers with flow restrictors, a reduced drain time, and
change to the upper size limit of containers tested.
INTRODUCTION
Chapter 698 provides procedures to confirm that the labeled content of liquid is delivered
from the commercial container. Although the procedures involved with these measurements
seem straightforward, the Expert Committee identified several issues that could result in data
that were inaccurate or data obtained over time that seemed unreasonable. These issues
include the following:
Measurement by volume—air entrainment: Because oral liquids often are viscous and
require mixing before use, the entrainment of air in the sample can affect the accuracy
of both the density measurement and the direct-volume procedure. We have taken
these effects into account in the current revision proposal.
Measurement by weight: Measurement by weight requires a density determination so
that the delivered volume can be calculated. This Stimuli article discusses allowable
error in the density determination.
Binary-mixture volume changes: A revision to the chapter proposed in PF 37(3) included
a density measurement procedure that assumed that the actual volumes of a sample
and diluent were equivalent to the sum of the two. Volume reduction on mixing is a
known phenomenon associated with water–alcohol mixtures and perhaps others.
Because alcohol is a component of many oral liquids, the procedure includes a caveat
that other methods for density determination may be employed depending on the
sample formulation, e.g., in the case of substantially nonaqueous samples. In this
report, for idealized samples composed of various initial binary mixtures of alcohol and
water, we investigated the effect of reduced volume resulting from mixing.
Flow restrictors: Product labeling details the procedure that should be followed in
dispensing the product. Some products are dispensed through a flow restrictor rather
than a pour spout. Because the deliverable volume test evaluates the delivery of the
product under conditions of use, the instruction to gently pour the contents is not
appropriate for products delivered through flow restrictors. We propose revising the
wording of the chapter to address this issue.
Drain time: The existing procedures allow a drain time of 30 min for multiple-unit
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containers. We consider this time to be excessive on the basis of laboratory work done
by the USP Dosage Forms Performance Laboratory. Thus we propose a maximum drain
time of 10 min. Appendix 1 summarizes the laboratory work that supports this change.
Container size: Currently the general chapter addresses deliverable volume for oral liquid
products that claim contents of not more than 250 mL. We propose deleting the
container volume limit for this test. Expectations regarding deliverable volumes for those
products should apply to any total volume.
The following sections of this Stimuli article address these concerns in greater detail, and the
USP General Chapters—Dosage Forms Expert Committee welcomes suggestions and comments
about these changes.
Direct Measurement by Volume—Air Entrainment
Direct measurement of the deliverable volume in a graduated cylinder seems simple and
straightforward, but for some products, especially suspensions for which shaking is required for
resuspension, the entrainment of air in the form of bubbles is a source of error. The text in
revised 698 acknowledges this concern with instructions to be “careful to avoid the
formation of bubbles” before pouring the contents into the graduated cylinder and to measure
the volume “when free from bubbles.” We have no reason to remove this procedure from the
general chapter at this time. However, when a density value is available for the product, the
measurement of deliverable volume by mass avoids this issue and is preferred.
Weight-based Measurement of the Delivered Contents
The delivered volume is related to observed weights by the density. The measured weight is
not affected by entrained air in the sample and therefore is considered a more accurate
alternative to delivered volume for determining the amount of delivered contents. Calculation of
delivered volume from mass requires a reliable measure of the density of the sample or product.
For the purposes of the deliverable volume test, we consider an error of NMT 0.5% in the
density determination to be negligible. This corresponds to the error of volume measurement
that analysts achieve using a graduated cylinder.
True Density—Binary-mixture Volume Changes
The procedure given in the revised 698 is designed to minimize the effect of air entrainment
by reducing the viscosity of the preparation by dilution with water, facilitating detection and
removal of entrained air. In adopting the proposed procedure (Appendix 2), we acknowledge the
possibility for error associated with nonadditive volumes of the two liquids upon dilution, which
is well known for hydroalcoholic samples. We include a caveat that alternative procedures can
be applied for nonaqueous samples. We estimate the magnitude of the potential error using the
Alcoholometric Table in USP 35–NF 30. We calculate the error for binary alcohol–water solutions
for a range of concentrations (Appendix 3) with an a priori limit of 0.5% error. We found for
initial sample alcohol concentrations of less than 50% v/v that the error was within our
acceptance range (Table 1).
Flow Restrictors
Some oral liquids are packaged in containers with outflow restrictors to limit the rate of
discharge. The current volume-based procedure says to “gently pour the contents into
separate graduated cylinders.” Our concern is that products with flow restrictors would not be
able to conform to the standard as written. We consulted with industry representatives about
the effect of flow restrictors on the discharge time of the container contents. Because the
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labeling indicates the method of discharge, a change in the procedure to acknowledge the
labeled discharge instructions could accommodate products with flow restrictors. The change in
wording from pour to discharge will allow deliverable volume testing of these products within
the proposed time frame.
Drain Time Limit and Container Size
We consider the current 30-min drain time allowed in the chapter for multiple-unit samples to
be unrealistic. Furthermore, the files associated with the chapter did not provide data that
support such a protracted test time. At our request the USP Dosage Forms Performance
Laboratory determined drain times for a series of 12 250-mL over-the-counter (OTC) oral liquids
(Appendix 1). All samples delivered 100% of the labeled content within 6 min. We consider a
10-min time limit for the test to be workable not only for oral liquid volumes of less than 250 mL
but also for larger-volume containers.
Table 1. Errors in Calculated Apparent Sample Density as a Function of Sample Alcohol
Concentration
Error,
Weight
Apparent
Sample
Sample
Fraction
Sample
Sample
| 0
Alcohol
Alcohol
of Alcohol
Density
Density
Concentration
Concentration
in 75-g
app|/ 0
(v/v)
( 0)
(w/w)
Mixture
( app)
(%)
60
0.9076
0.5215
0.174
0.923
1.7
50
0.9289
0.4249
0.142
0.935
0.7
48
0.9328
0.4062
0.135
0.937
0.5
45
0.9385
0.3787
0.126
0.941
0.3
30
0.9622
0.2467
0.082
0.959
0.3
20
0.9744
0.1627
0.054
0.972
0.3
10
0.9862
0.0805
0.027
0.985
0.1
APPENDIX 1
Experimental Evaluation of the Drain Time for Oral Liquids 250 mL
OTC oral liquid products (e.g., gels, suspensions, and syrups) were selected and their drain
times were investigated. The experimental work was carried out for all the investigated
products in the same manner, by holding the sample at an angle of about 30 degrees from the
horizontal. The contents were poured into a container on a tared balance. The weight change
was registered every 5 s until delivery was deemed complete, defined as not more than a 0.01g weight change within 15 s. Analysts recorded container weights before and after the
experiment to calculate total volume, and then compared measured weights with volume label
claims. Table 2 presents the results of the tests.
Table 2. Deliverable Volume According to the Drain Experiments
Label
Label
Claim
Total Volume
Claim
Samples
Formulation
(mL)
Delivered (mL)
(%)
Dimetap Children
Syrup
237
237.5
100.2
Elixir Children
Syrup
236
236.8
100.3
Multi-Symptom
Cold Relief
Syrup
240
245.0
102.1

Drain
Time
(min)
1.2
1.8
2.2
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Tussin CF Adult
Theraflu Sinus &
Cold
Acetaminophen
Pain Relief
Robitussin CF
Max
Kaopectate
Imodiun
Pepto-Bismol
Ibuprofen
Children
Milk of Magnesia
Pepto-Bismol
Target Stomach
Relief

308

Syrup

237

238.7

100.7

3.4

Syrup

245.5

252.1

102.7

2.8

Syrup
Syrup

237
237

239.3
236.2

101.0
99.6

3.1
3.6

Suspension
Suspension
Suspension
Suspension

236
240
236
240

248.5
246.2
246.0
228.3

105.3
102.6
104.2
95.1

2.7
4.1
6.1
2.8

Suspension
Suspension

177
473

201.5
480.8

113.9
101.6

1.3
5.8

Suspension

473.1

461.0

97.4

5.5

The study showed that the complete drain for the tested OTC oral liquid products occurred
within 7 min when the container was held at a 30-degree angle from the horizontal. The
product that had the longest delivery time in this study, 6.1 min, was an oral suspension,
Pepto-Bismol (nominal volume = 8 fl oz). An evaluation of two formulations of bismuth
subsalicylate suspensions with nominal 16-fl oz. contents showed that doubling the container
volume did not increase the drain time. A further study was performed to evaluate the
uncertainty of delivery time for three formulations of Pepto-Bismol. Triplicate determinations
were made for each of the 6 sample lots. Table 3 shows the results.
Table 3. Deliverable Volume from Three Pepto-Bismol Formulations (Label Claim, 236
mL)
Delivered Volume ± SD
Delivery Time ± SD
Formula/Sample
(% of labeled volume)
(min)
A/1
98.4 ± 0.8
5.0 ± 0.2
A/2
99.1 ± 0.5
5.1 ± 0.1
B/1
99.0 ± 0.2
5.7 ± 0.3
B/2
100.0 ± 0.8
4.7 ± 1.0
C/1
100.0 ± 0.4
4.7 ± 0.5
C/2
99.8 ± 0.5
4.6 ± 0.6
APPENDIX 2
Deliverable Volume <698> Density Determination
1.
2.
3.
4.

Tare a 100-mL volumetric flask containing 50.0 mL of water.
Add approximately 25 g of well-shaken product, and gently swirl the contents to mix.
Reweigh the flask.
From a burette, add an accurately measured amount of water to bring the flask
contents to volume while gently swirling the contents of the flask. Record the volume
taken from the burette.
5. Calculate the density of the sample by the formula:
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W/V
in which W is the weight, in g, of the material taken, and V is 50.0 mL minus the
volume, in mL, of water necessary to adjust the contents of the flask to volume.
APPENDIX 3
Procedure for Determining the Error in Density of Hydroalcoholic Samples Using the
Procedure in Appendix 1
Using the Alcoholometric Table in USP 35–NF 30 and assuming that the sample is a binary
alcohol–water solution, take the initial composition (v/v) as the independent variable. From the
table, take the density (assumed to be equivalent to specific gravity) and composition by
weight. Calculate the weight of alcohol in the 25-g sample. The 25 g of sample when combined
with 50 mL of water will weigh 75 g (assuming a density of 1 for water). Compute the weight
percent of alcohol in the 75-g mixture, and use the corresponding density value from the table
to calculate the volume of the mixture. Use the difference of 50 mL and the total calculated
volume of the mixture as the apparent volume of the sample. The apparent density is the ratio
of 25 g to the apparent volume of the sample. [Note—The Alcoholometric Table can be found
in USP 35–NF 30 in the Reference Tables section.]
a USP Dosage Forms Expert C ommittee.
b USP Dosage Forms Performance Laboratory
c C orrespondence should be addressed to: William E. Brown, Senior Scientific Liaison, General C hapters, US
Pharmacopeial C onvention, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; 301.816.8380; email
web@usp.org.
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ABSTRACT Radiopharmaceutical monographs currently reference general chapter Radioactivity
821

in their specifications for radionuclide identification, assay for radioactivity, and

radionuclide purity. However, much of general chapter

821

we propose that the informational sections in the current

is informational in nature. Hence,

821

be moved to a new

informational chapter, Radioactivity 1821 , and that 821 , which then would contain only
the remaining Identification and Assay sections, be re-named Identification and Assay of
Radionuclides 821 . We also propose revisions to the existing content, including the addition
of information regarding definitions, types of decay, production of radionuclides, and expanded
descriptions of various purities, as well as minor additions and changes to provide clarification
and improve flow.
INTRODUCTION
General chapter Radioactivity 821 was introduced in its current form in 1975 (1) and has
not undergone any major revision. The chapter contains information about definitions, special
considerations, and procedures with respect to the monographs for radiopharmaceuticals
(radioactive drugs). However, the majority of this chapter is informational. Over the past 37
years, many advances have been made in radiopharmaceuticals, and clearly there is a need to
revise the general chapter. USP has launched an initiative to minimize nonprocedural information
in general chapters with numbers below 1000 (2). The authors believe that 821 should be
revised as part of this initiative. Hence, we propose to move the informational sections in the
current general chapter

821

to a new informational chapter, leaving the Identification and

Assay sections in the current general chapter. We also propose to rename 821 Identification
and Assay of Radionuclides in order to be consistent with the content. The objectives of this
Stimuli article are threefold: (1) provide background about the need for the proposed revision,
(2) initiate discussion, and (3) solicit public comments that will be reviewed and discussed by
the relevant Expert Committee and Expert Panel members and USP staff.
PROPOSED REVISION TO GENERAL CHAPTER RADIOACTIVITY

821

The current general chapter 821 is divided into two major sections, General Considerations
and Identification and Assay of Radionuclides. General Considerations contains several
subsections with information about aspects of radioactivity such as Fundamental Decay Law,
Geometry, Background, Statistics of Counting, Counting Losses, Calibration Standards, Carrier,
Radiochemical Purity, Radionuclidic Purity, Terms and Definitions, and Labeling. Additionally,
Identification and Assay of Radionuclides contains an informational subsection titled
Instrumentation. Because of the nature of the information presented in these subsections, it
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appears that most of the content can be moved to the new informational chapter
The Terms and Definitions and Labeling sections belong in

1821 .

821 , but they should be revised

to reflect current practices. The revised chapter 821 will be renamed Identification and
Assay of Radionuclides and will contain procedures and information about instrumentation for
the identification and assay of the radionuclides, along with appropriate information about
calibration and maintenance of instrumentation. To make the chapter more useful, we propose
to include quantitative requirements, such as minimum resolution for the detector, allowed
variation for instrument performance, and appropriate interval for performance checks, as well
as other useful parameters that can ensure the suitability of the equipment for its intended
use. The revised chapter also will include a new section with the definitions of terms. The
authors believe the proposed revision of
general chapter.

821

will require a complete revision of the current

PROPOSED NEW INFORMATIONAL CHAPTER 1821
The proposed new informational chapter 1821 will be called Radioactivity. The chapter will
include sections with detailed information about Types of Decay, Fundamentals of Decay Law,
Instrumentation for Detection and Measurement of Radioactive Emissions, Geometry,
Background, Statistics of Counting, Counting Losses, Production of Radionuclides, Carrier,
Radiochemical Purity, Radionuclidic Purity, and Chemical Purity.
Both the revised 821 and the proposed 1821 are projected for presentation in
Pharmacopeial Forum in the Fall of 2013 for public comments. The authors hope that all
personnel involved in radiopharmaceuticals will review the chapters and will submit their
comments to the General Chapters—Physical Analysis Expert Committee for consideration.
CONCLUSION
Since the original publication of this chapter, technological, marketplace, and regulatory
changes require that this chapter must be revised. The changes proposed will serve the needs
of patients, research participants, medical institutions, clinical researchers, pharmaceutical
companies, commercial radiopharmaceutical producers, and all members of the
radiopharmaceutical community for many years to come.
REFERENCES
1. USP. USP 19, Radioactivity 821 . Rockville, MD: USP; 1975:656–662.
2. USP General Chapter Project Team, Prescription–Nonprescription Stakeholder Forum, de
Mars S, et al. General chapter management in the 2010–2015 cycle. Pharmacopeial
Forum. 2009; 35(5):1372–1379.
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b Member, Monographs—Small Molecules 4 Expert C ommittee.
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ABSTRACT This Stimuli article is the first step toward the development of a general chapter
addressing solubility criteria for veterinary drug products. The current criteria for classifying
drug solubility are based on human gastrointestinal (GI) physiology. These criteria may not be
appropriate to the unique conditions encountered within the GI tract of veterinary species.
Thus, this article discusses the relationship between the species-specific GI characteristics and
the criteria appropriate for describing drug solubility in veterinary species. Initially the
discussion focuses on dogs and cattle, the most common veterinary patients in small- and
food-animal practices, respectively. Later the discussion will include various other veterinary
species of interest.
INTRODUCTION
The determination of drug solubility is important to facilitate an appreciation of the formulation
variables that can influence drug absorption. Highly water-soluble compounds designed for
immediate release tend to be far more forgiving with regard to the effect of formulation
changes on oral product bioavailability compared to drugs that exhibit poor aqueous solubility
(1). Furthermore, within veterinary medicine, drug solubility is one of the essential pieces of
information needed to support the biowaiver of oral soluble powders and Type A medicated
articles (premixes) (2).
The Biopharmaceutics Classification System (BCS) provides a foundation for the consideration
of biowaivers and for predicting formulation variables that can influence human oral drug
absorption (3). Initially proposed by Amidon et al. in 1995, the BCS is founded on an
understanding of the solubility and intestinal permeability characteristics of the drug substance.
Subsequently, the classification has been proposed for a wide range of compounds considered
by the World Health Organization to be essential for human therapeutics (4).
FDA's Center for Drug Evaluation and Research (CDER) guidance on granting BCS-based
biowaivers states the following solubility criteria:
An objective of the BCS approach is to determine the equilibrium solubility of a drug substance
under physiological pH conditions. The pH–solubility profile of the test drug substance should
be determined at 37 ± 1 C in aqueous media with a pH in the range of 1–7.5. A sufficient
number of pH conditions should be evaluated to accurately define the pH–solubility profile.
The number of pH conditions for a solubility determination can be based on the ionization
characteristics of the test drug substance. For example, when the pKa of a drug is in the
range of 3–5, solubility should be determined at pH = pKa, pH = pKa + 1, pH = pKa – 1, and at
pH = 1 and 7.5. A minimum of three replicate determinations of solubility in each pH condition
is recommended. Depending on study variability, additional replication may be necessary to
provide a reliable estimate of solubility. Standard buffer solutions described in the USP are
considered appropriate for use in solubility studies. If these buffers are not suitable for
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physical or chemical reasons, other buffer solutions can be used. Solution pH should be
verified after addition of the drug substance to a buffer. Methods other than the traditional
shake-flask method, such as acid or base titration methods, can also be used with
justification to support the ability of such methods to predict equilibrium solubility of the test
drug substance. The solubility class should be determined by calculating the volume of an
aqueous medium sufficient to dissolve the highest dose strength in the pH range of 1–7.5. A
drug substance should be classified as highly soluble when the highest dose strength is
soluble in

250 mL of aqueous media over the pH range of 1–7.5 (5).

The challenge in veterinary medicine is that the current criteria for classifying drug solubility are
based on human gastrointestinal (GI) physiology. Because of markedly different GI
characteristics between humans and animals, these criteria may not be appropriate for the
unique conditions encountered within the GI tract of veterinary species (1,6,7). For this
reason, USP convened an Expert Panel (within the USP Dosage Forms Expert Committee) to
consider the relationship between species-specific GI characteristics and the criteria
appropriate for describing drug solubility in veterinary species. At this time, discussions will
focus on the dog (monogastric, carnivore) and cattle (ruminant, herbivore) as representative
monogastric and ruminant species that also represent the most common veterinary patients in
small- and food-animal practices, respectively. If agreement is reached regarding the solubility
criteria for dogs and cattle, a new USP informational chapter will be developed. The next step in
identifying appropriate solubility criteria would be to extend the development of criteria in
various other veterinary species of interest (which then would be published as a revision to the
new chapter on solubility).
At this juncture, species-specific permeability criteria are not considered because of the
complexities of making these determinations. For example, although many lipophilic compounds
absorbed via transcellular pathways are likely to have similar membrane permeability
characteristics across animal species, paracellular pathways can be markedly different. For
small hydrophilic molecules absorbed via the paracellular route, pore size, density, and intestinal
morphology can have important effects on the permeability (6). Moreover, use of absolute
bioavailability (F) as a permeability indicator is not appropriate because of the potential bias
introduced by the effects of gut wall and hepatic metabolism and species or breed differences
in the activity of membrane influx and efflux transporters. Lastly, unlike the systems that are
available to support permeability assessments in human medicine, there are no validated in vitro
systems that can be used to assess drug permeability in animals. Therefore, determining the
permeability component of the BCS for animals will be a long-term goal of this USP initiative.
SOLUBILITY SCIENCE
Thermodynamic (equilibrium) solubility often is regarded as the true solubility of a compound
and therefore serves as the gold standard for product development needs. It represents the
saturation solubility of a compound in equilibrium with an excess of undissolved material at the
end of the dissolution process. The thermodynamic solubility value is not an absolute number
but rather depends on a multitude of compound properties and experimental factors, including:
polymorphism; compound purity; particle size and shape; buffer composition, including pH and
common ion effect; stability in solution; potential for molecular aggregation; time for attaining
equilibrium; temperature; mixing conditions; and adsorption onto filter or vessel surfaces.
The solubilization of a drug in an aqueous medium is controlled by interactions of the solute
molecules with itself, the solvent molecules within themselves, and the interaction between the
solute and the solvent. The strength of the interaction between a molecule of the drug
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substance and the molecules of the solvent favors drug substance solubilization. The stronger
the interaction between the solute and the solvent, the greater the likelihood that the drug will
go into solution. Counteracting this solubilization process is the strength of the affinity of the
solute for itself or how tightly bound the compound is to its own solid-state form. Thus,
solubility can be considered to be a function of three types of interactions: solvent–solvent
interaction (A–A), solute–solute interaction (B–B), and solvent–solute interaction (A–B).
Consequently, solubility is not a universal value but rather should be considered from the
perspective of the interactions between the drug substance in its solid form and solution
conditions such as: pH, primary solvent (e.g., water), cosolvents (e.g., DMSO), additives (e.g.,
albumin, lipids, surfactants, cyclodextrin, or bile salts), ionic strength, incubation time, testing
volume, and temperature.
To assess whether drug solubilization will occur, one needs to consider the enthalpy change
(i.e., the increase or loss of energy) during solution formation (DHsoln) and the entropy change
(DSsoln). On the basis of the equation describing the Gibbs free energy of solution (Gsoln), at
some temperature, T, enthalpy and entropy changes are combined to describe the free energy
change (DGsoln) for the solution formation:

DGsoln = DHsoln – T DSsoln
Under conditions of negative values of enthalpy (i.e., exothermic reactions) and positive values
of entropy (i.e., a more disordered system), the free energy will always be negative and
solubility will readily occur. For cases when solution formation is endothermic (positive enthalpy
change), solubilization still can occur as long as the entropy change is sufficiently positive to
counteract the endothermic reaction. In other words, the change in entropy must be of a
sufficient magnitude to result in a negative value of free energy change. For example, although
there is a positive enthalpy change when sodium chloride goes into solution (enthalpy change +
3.9 kJ mol-1), the concomitant increase in entropy overrides the small cooling effect, resulting
in a net negative free energy change and therefore solution formation. In this case, the
increase in entropy can be understood by considering the arrangement of ions (sodium and
chloride in this example) in the crystal lattice. When the ions are arranged in a crystal lattice,
their entropy (disorder) is low. However, as the salt gets dissolved in water, the ions are
released from the crystal lattice, leave their previous arrangement, and are freely surrounded
by water molecules. Hence, there is a higher degree of disorder (increase in entropy) that
promotes the formation of a sodium chloride solution.
Polymorphism is another factor that should be considered when analysts assess the solubility of
any drug substance. This may include solvation or hydration products (also known as
pseudopolymorphs) and amorphous forms. Solvation involves a chemical or physical interaction
between a solute and a solvent molecule. When this interaction occurs in an aqueous medium,
it is called hydration. Hydration can be considered a mechanism that results in the stabilization
of a solute in the solution. In contrast, solubility reflects a dynamic equilibrium between the
rate at which the drug goes into solution versus the rate at which it precipitates.
The solid-state properties of any API can have considerable influence on the apparent
solubility. Polymorphic forms differ in their internal solid-state structure (and therefore differ in
the energy needed to break the crystalline lattice structure). Consequently, a drug substance
that exists in various polymorphic forms can have different aqueous solubility and dissolution
rates. For this reason, additional attention should be given to the potential effect of
polymorphism on drug product bioavailability (BA) and drug product bioequivalence (BE) and
whether or not a change in the polymorph can affect performance for the drug substance and
drug.
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A rule of thumb used for predicting solubility is “like dissolves like.” This statement indicates
that a solute will dissolve best in a solvent that has a similar polarity. Two substances with
similar intermolecular forces are likely to be soluble in each other. Nonpolar molecules are
soluble in nonpolar solvents (e.g., CCl4 is soluble in C6 H6 ). Polar molecules (C2 H5 OH) are soluble
in polar solvents (H2 O), and ionic compounds (NaCl) are more soluble in polar solvents (H2 O or
NH3 ).
Once the solute molecules are surrounded by the solvent, a new stabilizing interaction is
formed between the solvent and the solute. This is known as the solvation energy. The lower
the solid-state energy stabilization that needs to be overcome (i.e., breaking the energy of
interaction between solute molecules, also known as the cavitation energy), the greater the
number of molecules that can be accommodated in the solution. Thus, the most stable
crystalline forms also have the lowest aqueous solubility (1).
Common-Ion Effects
Solubility depends on the excess or deficiency of a common ion in the solution, a phenomenon
known as the common-ion effect. This term describes the effect on a solution of two dissolved
solutes that contain the same ion or ions. The presence of a common ion suppresses the
ionization of a weak acid or a weak base. Accordingly, to some extent solubility also depends
on the ionic strength. The ionic strength of a solution is a measure of the concentration of ions
in that solution.
The total electrolyte concentration in solution affects important properties such as the
dissociation or the solubility of different salts. Thus, when discussing thermodynamic solubility,
analysts must define whether the assessments are based on the drug substance itself or a salt
form of the drug substance. Analysts also should describe the relationship between the drug
substance's solubility and the characteristics of the dissolving medium. For this reason,
solubility can be defined as unbuffered, buffered, and intrinsic solubility.
Unbuffered solubility, usually in water, pertains to the solubility of a saturated solution of the
compound at the final pH of the solution (which may be far from pH 7 because of selfbuffering).
Buffered (apparent) solubility refers to solubility at a given pH, e.g., 2 or 7.5, measured in a
defined pH-buffered system. This solubility estimate usually neglects the influence on the
measured solubility value of salt formation with counterions of the buffering system. Thus, at
any given pH, buffered solubility may vary as a function of the type of buffer system employed
(e.g., acetate vs. phosphate buffers).
Intrinsic solubility means the solubility of the neutral form of an ionizable compound.
For neutral (non-ionizable) compounds, all three definitions coincide. Salts of organic acids and
bases usually are soluble in water because they are ionized in this medium and because the
resulting charged group is highly hydrophilic and is capable of bringing large hydrophobic groups
into solution. On the other hand, the undissociated weak acid or base is a weak electrolyte and
is therefore only slightly ionized in water. The resulting uncharged group is only weakly
hydrophilic so that only those acids and bases with small hydrophobic groups are able to
dissolve to any extent in water. Another property of weak acids and bases is that their
aqueous solubility is sensitive to pH because an uncharged, water-insoluble molecule can be
changed to a charged, water-soluble species when analysts change the hydrogen ion
concentration. As an example, sodium salicylate is considerably more soluble in water than
salicylic acid because of the different hydrophilic powers of COO– and COOH. If a strong acid is
added to an aqueous solution of sodium salicylate, there will be a notable drop in solubility and
salicylic acid will precipitate out of solution. A strong base has the same effect on weak bases.
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Analysts distinguish the intrinsic solubility from the solubility measured at a given pH value in a
defined medium. Intrinsic solubility is relatively independent of the nature of the medium used
because it involves only the neutral compound. In contrast, when one deals with acids and
bases the solubility measured at a fixed pH value may be highly dependent on the nature and
concentration of the counter ions present in the medium. This is especially critical for poorly
soluble compounds that are strongly ionized at the pH of the measurement. The solubility of
weak bases tends to decrease as the pH increases (approaching pKa), and for weak acids
solubility increases as pH increases (moving farther from the pKa). However, although the
Henderson–Hasselbalch equation would suggest no obvious plateau in potential solubility,
counteracting factors must be considered. These include the pHmax, which is defined as the
region where the ionizing portion of the curve meets the salt plateau on the pH–solubility
profile. At pHmax the equilibrium solid state is a salt, and the limiting factor is the relationship
between the completely ionized drug vs. the oppositely charged counter ion. For both acids
and bases, there is a region within which pH has a large effect on the solubility of ionizable
compounds. For this reason, the pH of the region of the GI to which the drug will be exposed is
a pivotal consideration when analysts evaluate biologically relevant drug solubility (1).
PHYSIOLOGICALLY BASED DEFINITION OF SOLUBILITY
Whether considering biowaivers as described in FDA/CVM Guidance 171 (2) or examining the
applicability of the FDA/CDER biowaiver guidance in the assessment of immediate-release oral
dosage forms for companion and food animals (5), analysts must clarify the criteria used for
classifying a drug as highly soluble. Further this assessment must be firmly grounded in the GI
physiology of the target animal species. When developing species-specific solubility criteria,
analysts must consider the following five critical questions:
The regions in the body that must be considered during evaluation of the solubility
criteria for that particular species,
The pH of the GI fluids to which the drug will be exposed,
The rate at which materials move through the segments responsible for drug dissolution,
The fluid volume(s) to which the drug will be exposed,
The relationship between dose, volume of “solvent” to which the drug will be exposed,
and body weight (i.e., defining the highest label dose).
Measurements of thermodynamic solubility typically do not involve a time component. Rather,
time is taken into consideration only when one is dealing with pharmaceutical dosage forms,
and therefore the rate at which the drug in the dosage form goes into solution is evaluated
during the in vitro dissolution study. Accordingly, as seen in the FDA/CDER biowaiver guidance,
a time criterion for product dissolution is included when FDA evaluates requests for biowaivers.
However, within veterinary medicine, some drug products, specifically some Type A medicated
articles, may be difficult to test using typical in vitro dissolution methods (e.g., because of the
insoluble nature of food substances that are included in these medicated articles). In these
situations, a time component within the framework of the solubility test should be an additional
consideration (1).
In a dosage-adjusted approach, solubility is based on the volume of the GI tract of the target
species and the maximum amount of drug that will be administered. To this end, analysts must
consider three parameters when predicting the bioavailability of a drug and drug product:
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The dose number (Do) is the ratio of the dose to the amount of drug that will dissolve
in 250 mL of test solution at the lowest solubility within the pH range from 1 to 8.
Ideally, this ratio should be below 1 if full dissolution is possible in principle. Obviously,
higher doses will raise the ratio and make good absorption less likely. The simulated
250-mL fluid volume reflects the standardized volume of water ingested with an oral
dosage form in people. Thus, measurement of Do assumes negligible residual gastric
volumes in the human. The question is whether other monogastric species such as dogs
likewise have a negligible residual gastric volume so that the Do should be based on the
amount of water likely to be ingested at around the time of oral drug administration.
The absorption number (An) is the ratio of the GI transit time to the absorption time
(1/absorption rate constant). Ideally, this should exceed 1. Longer absorption times
resulting from lower permeability will reduce this ratio.
The dissolution number (Dn) is the ratio of the transit time to the dissolution time
(1/dissolution rate constant). Ideally, it should exceed 1. In the case of solid dosage
forms, a combination of inadequate solubility or diffusivity or excessive particle size or
density can increase the time needed for full dissolution and therefore can reduce this
ratio.
With regard to solubility, Do is the parameter of interest. An integral component of estimating
Do is determining the pH range and the solvent volume that are reflective of the specific target
animal species. Therefore, if the conditions under which Do is defined are modified to reflect
the GI tract of different veterinary species, it is likely that what constitutes a highly soluble
compound in one species may not be similarly categorized in another animal species.
Furthermore, because of the marked differences in GI transit time and the corresponding
duration of product residence within any particular GI segment, analysts also are likely to see
different values of Dn across animal species (1).
To avoid confusion with human BCS terminology, the classification of highly soluble will be
avoided. Rather, we will explore appropriate criteria for ascertaining if the highest approved
dose will be fully soluble in the gastric fluids of the veterinary species of interest.
DEFINING SOLUBILITY IN DOGS
Although the beagle dog is frequently used as a preclinical species for evaluating human oral
formulations, there are important differences between the GI tract of numerous dog breeds and
those of humans. These GI differences can render it inappropriate to apply the human criteria
for drug solubility classification to dogs (8).
Volume
The stomach acts as a repository for storing food and fluid. Dogs evolved with the capacity for
intermittent large-volume meals. Therefore, relative to body size, their stomach capacity is
larger than that of humans and cats, which eat smaller meals more frequently. According to a
1943 study, the stomach capacity in dogs is 100–250 mL/kg, with a range of 0.5 to 8 L per
dog. However, stomach capacity does not reflect the fluid volume. The residual fluid volume in
a fasted canine stomach is much smaller. Dogs do not voluntarily drink water after receiving an
oral medication, and pet owners do not typically flush an oral dose with water. This is different
from what is assumed to occur with humans. Therefore, in vivo dissolution of an oral medication
in dogs must rely on residual stomach and intestinal water (8).
Solubility is considered in terms of the volume of fluid available to support in vivo drug
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dissolution. As with humans, canine fasted gastric volume is likely to contain negligible fluid
volume. The question is whether the dog's fluid volume in the fasted state can be linked to
some minimum amount of fluid intake likely to occur at the time of treatment and throughout
the day and whether that volume varies as a function of body weight. For example, if we
assume that 15–20 mL of fluid is administered to fasted beagle dogs (approximately 10 kg body
weight) under laboratory conditions and if we can assume that water intake in nonlaboratory
dogs is likely to result in similar residual gastric fluid volume, then can we also expect similar
volumes of fluid, regardless of dog size? If not, does gastric volume scale linearly with body
weight or in a manner consistent with body surface area (8)?
Whether we assume that the gastric fluid volume is based on an administered amount of water
or on some other mechanism by which the dog achieves its fasted gastric water content, we
need to ascertain the relationship between the fluid volume used in our solubility estimation
versus the body size of the dog. Applying a linear scaling approach and assuming approximately
15–20 mL of water is administered to a 10-kg beagle dog under laboratory conditions, the
volume/body weight relationship would be approximately 2 mL/kg. However, with this method of
estimation the fluid volume for toy breeds (e.g., a 3-kg dog) would be approximately 6 mL and
that in giant breeds (e.g., 75 kg) would be 150 mL. Because this volume represents predose
fluid intake, these values (especially for the 75-kg animal) do not seem reasonable or practical.
Therefore, a range of potential relationships was explored from the perspective of considering
their implications for an estimate of Do.
In trying to scale fluid volume to kg body weight, our first approach was to consider the
allometric relationship between organ mass and body weight. Based on information reported by
Boxenbaum in 1982, heart, lung, and kidney mass scales proportionately to body weight across
animal species in a manner consistent with the kg body weight (see discussion, reference 9). In
addition, we considered three other approaches: scaling as a function of body weight to the
2/3 power (i.e., body weight to the power of 0.66), scaling as a function of body weight to the
¾ power (i.e., body weight to the power of 0.75), and scaling based upon a simple Vmax model
of the form:

where V = gastric volume, Vmax = the maximum volume achievable, regardless of body weight,
V50 = the body weight associated with 50% Vmax, and BW = the body weight of the dog (kg).
As an example, we developed a hypothetical model using the parameter values Vmax = 53 mL
and V50 = 31 kg (8). Because the necessary actual data are lacking with respect to body size
and gastric volume, these values were selected simply on the basis of volumes that were
considered to be reasonable estimates. Clearly, should this algorithm be applied, experimental
data will be needed to select an appropriate Vmax value that will depend on the model selected
in the study. Nevertheless, for this exploratory exercise these values and the corresponding
Vmax model adequately reflect the diversity in mg/mL solubility outcomes that can be achieved
as a function of the relationship between body weight and gastric fluid volume.
Table 1 provides the resulting predictions of gastric volume across the four methods of volume
estimation.
Table 1. Hypothetical Relationships between Gastric Volume and Body Weight (BW)
Using Various Functions.
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Gastric Volume (mL)
Vmax
BW Scaled to Scaled to Scaled Directly
(kg) 2/3 BW
¾ BW
with BW
Relationship
3
4
5
6
9
10
9
11
20
13
50
26
38
100
33
75
35
51
150
38
We considered the most physiologically plausible of these model relationships to be reflected
either by BW scaled to the 2/3 power or by some form of a Vmax model. In the latter two
situations, if gastric volume scaling is applied and if the dose is administered on a mg/kg basis,
then the mg dose/mL fluid relationship will vary as a function of body weight. This point is seen
in Table 2 and in Figure 1 (where BW is scaled to the 2/3 power) and Figure 2 (where the Vmax
model is applied) (2). For the sake of this exercise, the assumed targeted dose was 2 mg/kg
BW.
Table 2. Potential Relationships between Estimated Gastric Drug Concentration and
Body Weight (BW) as a Function of Estimated Relationship between Volume and BW.
Vmax Model
BW Scaled to the 2/3 Power

BW
3
5
10
15
20
25
30
35
40
45
50
55
60
65
70
75
80
90
100

Dose
(if 2 mg/kg)
6
10
20
30
40
50
60
70
80
90
100
110
120
130
140
150
160
180
200

Fluid
Volume
(mL)
5
7
13
17
21
24
26
28
30
31
33
34
35
36
37
38
38
39
40

mg/mL
1.28
1.36
1.55
1.74
1.92
2.11
2.30
2.49
2.68
2.87
3.06
3.25
3.43
3.62
3.81
4.00
4.19
4.57
4.94

Fluid
Volume
(mL)
4
6
9
12
14
17
19
21
23
25
26
28
30
31
33
35
36
39
42

mg/mL
1.45
1.73
2.19
2.51
2.77
2.99
3.18
3.35
3.51
3.65
3.78
3.91
4.02
4.13
4.24
4.34
4.44
4.62
4.79
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Fig. 1. Relationship between mg/mL for solubility testing and mL fluid volume as a function of
canine body weight scaled to the 2/3 power.

Fig. 2. Relationship between mg/mL for solubility testing and mL fluid volume as a function of
canine body weight: Vmax model.
As seen in Figure 3, of the two methods scaling BW to the 2/3 power results in higher
estimated concentrations at the lower body weights but approximately the same concentration
at the upper body weights (based upon the constants for the Vmax equations used in this
example). In this comparison, both methods likely would result in similar highest concentrations.
This is discussed in more detail below.

Fig. 3. Relationship between concentration of volume estimated by Vmax or to the 2/3 power
(allometric approach).
Dose Definition in Dogs
In human medicine, solubility is based on the highest approved dose in mg. However, in the
case of veterinary medicine, the dose is administered on a mg/kg basis. Therefore, we need to
consider the highest approved mg/kg dose. This leads to three factors that analysts must
consider when assessing drug solubility:
The labeled or target mg/kg dose.
The dose band: particularly for solid oral dosage forms for administration to dogs, tablet
sizes are approved for administration within a weight range. This implies that the exact
mg/kg dose will vary as a function of tablet strength and the range of weights for which
that dose band is approved. So, for example, if a 10-mg tablet is approved for dogs
ranging from 10 to 20 kg, then the actual mg/kg administered dose will range from 1
mg/kg to 0.5 mg/kg. These wide bands are possible for drugs that have a high
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therapeutic index, e.g., antibiotics.
The method used to estimate gastric volume: as seen in the previous three figures, if
the gastric volume is described as a function of the Vmax or BW to the 2/3 power, the
estimated concentration of drug within the gastric fluids will likewise vary. Assume, for
example, that using the Vmax scaling method and having a targeted dose of 1 mg/kg, in
4 tablet strengths approved for the dose bands shown in Table 3.
Table 3. Relationship among Body Weight (BW), Estimated Gastric Volume
(Based on the Vmax Scaling Method), and Drug Concentration in the Stomach
Fluids.
Estimated
Gastric Drug
Dose
Tablet
mg/kg
Gastric
Concentration
Band
BW
(mg)
Dose
Volume (mL)
(mg/mL)
1
3
6.5
2.17
4.68
1.39
10
6.5
0.65
12.93
0.50
2
11
20
1.82
13.88
1.44
30
20
0.67
26.07
0.77
3
31
40
1.29
26.50
1.51
50
40
0.80
32.72
1.22
4
51
62
1.22
32.96
1.88
75
62
0.83
37.50
1.65
As Table 3 indicates, the highest concentration that would require testing to ensure solubility is
1.88 mg/mL. Thus, a new paradigm for highest dose would be required relative to the dose
band and the scaled gastric volume (2).
Finally, we must consider the potential implications of errors in gastric volume estimates on the
classification of a compound as being fully soluble (highly soluble). To this end, we considered
the estimation of solubility by estimating Do (see previous discussion). Do can be calculated
according to the formula: Do = (M/V)/C (4), where Do is the dose number, M is the dose
strength of the tablet or capsule, V is the volume administered [defined as 250 mL in people,
but both 6 mL and 35 mL were used in this analysis (8)], and C is the drug's solubility (mg/mL).
A Do 1 has been used as a definition of a low-solubility drug whereas a Do < 1 defines a
highly soluble drug.
To support our estimation of Do, the drug's solubility estimates were derived from a Web site:
http://www.tsrlinc.com/resources/services/. [Note—This Web site is mentioned here solely for
informational purposes. The reported values provided by this Web site have not been verified
and validated.] This site provides an estimate of a drug's aqueous solubility (in mg/mL), pKa,
dose size in humans, and human BCS classification. A search was performed on 46 orally
administered drugs that have been used in dogs (not all of these drugs are FDA approved). For
each drug, the largest dose size used in the pharmacokinetic study was recorded, as well as
the animal's weight, to obtain a mg/kg oral dose (2).
To explore the degree to which estimates of solubility may be in error because of an incorrect
assumption about gastric fluid volume, we estimated Do using volumes of 6 mL and 35 mL. This
exploratory exercise was based upon the body weight of beagle dogs (10–11 kg) because this
is the breed most frequently used in published experimental studies. Although fluid volumes
other than 6 mL and 35 mL could have been selected, these choices were considered to have
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the greatest physiological relevance. The value of 6 mL was selected as the extreme lower
value because some canine practitioners suggest that 5–6 mL may in fact reflect the residual
fluid volume in the fasted dog stomach. An upper value of 35 mL was selected because it is the
scaled equivalent (for a 10-kg beagle dog) of the 250 mL (approximately one cup) volume used
to estimate Do for the average human (250 mL = approximately 3.6 mL/kg) (9).
The results of this assessment are shown in Figure 4. The area delineated by the coordinates
0:0, 0:1, 1:1, and 1:0 represents those compounds that are classified as “highly soluble” based
on their solubility in water.

Fig. 4. Do as a function of estimated solvent volume (6 mL versus 35 mL). The two shaded
rectangular boxes delineate the region within which there is potential for volume-related
differences in the calculation of Do.
As seen in Figure 4, the use of a gastric volume of 6 mL versus 35 mL changed the solubility
classification (that is, whether or not Do is above or below a value of 1.0) for only 6 out of 46
drugs. In other words, although the various approaches for estimating gastric volume may
affect our estimate of a maximum soluble dose, relatively few molecules would be incorrectly
classified (or not classified) as highly soluble (fully soluble). Thus, when one uses a calculation
of Do as defined by Kasim et al (4), for the majority of compounds the solubility classification
for drugs in dogs is not very sensitive to changes in volume between 6 mL and 35 mL (8).
To further illustrate this point, Figure 5 shows the Do for each of the 45 compounds using a
gastric volume of 6 mL or 35 mL.

Fig. 5. Do in dogs estimated with a water volume of either 6 mL or 35 mL. This figure illustrates
the relatively small number of drugs whose solubility classification would differ because of the
change in estimated volume.
Although these comparisons are based solely on solubility in pH-neutral water, we expect that
despite the potential drug solubility changes as a function of pH a similar relationship will exist
among volume, pH, and Do at other pH values (2).
pH Range in Dogs
The basal pH in the gastric fluid of dogs can be quite variable, and the reported gastric pH
value in the dog is highly dependent on the portion of the stomach where the pH is measured.
Nevertheless, evidence suggests that the gastric pH of the dog tends to be higher than that in
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humans because of the lower basal secretory rate of acid in the dog. This lower acid content
has been attributed to the evolution of dogs from animals that ate large, infrequent meals (7).
Because of the lower basal acid output, the pH of the fasted dog stomach is estimated to be
approximately 1 pH unit higher than that in humans. After feeding, however, dogs have a higher
peak acid output and a lower pH compared to that in people. According to Lui et al. (10), the
canine postprandial gastric pH is similar to that observed in people, approximately 1.3 and 1.5 in
dogs and humans, respectively. Despite species similarities in the amount of bicarbonate
secreted, in the fed state the initial pH in the dog's duodenum is lower than that in humans
because of the higher canine postprandial output of gastric acid. Within other portions of the
small intestine, the intestinal pH of dogs and humans are similar. Considering the range of pH
values that affect drug solubility in dogs, it seems appropriate to use the same pH solubility
criteria in dogs as is currently used for defining the solubility of human drugs (2).
DEFINING SOLUBILITY IN CATTLE
Several important points must be considered when one establishes conditions and criteria for
classifying drug solubility in cattle (9, 11). These include:
The gastrointestinal tract of the ruminant is markedly different from that of the human.
This influences both the appropriate volume and pH for defining drug solubility.
The definition of highest dose is different in humans and cattle.
The types of products (i.e., solid oral dosage forms vs. Type A medicated feeds) may
require a time factor in the solubility assessment.
The Gastrointestinal Tract in Cattle
The stomach of ruminant animals is composed of four compartments: the rumen, reticulum,
omasum, and abomasum. Forage is initially taken into the mouth and swallowed, after which it
floats on top of a “hay mat” that is on top of the fluid shared between the rumen and
reticulum. More dense solids settle from the hay mat to the bottom of the rumen for microbial
digestion. The forage that remains on top of the rumen is regurgitated, remasticated, and then
swallowed as a denser bolus. Rather than passing into the rumen, this dense bolus drops to the
bottom of the reticulum, whence it eventually passes through the reticul-omasal orifice into the
omasum. In the omasum much of the fluid portion of the ingesta is resorbed so that the mass
of ingesta entering the abomasum is much smaller. Unlike the forestomachs, which are alkaline,
the abomasum is similar to a monogastric stomach where the ingesta encounter an acidic
environment before entering the duodenum. The solids concentration in ingesta is increased
during passage through the omasum, and fluid is resorbed through the omasal fold epithelium
back into systemic circulation.
Grains and solid dosage forms of drugs may fall immediately to the bottom of the reticulum,
where they will dissolve in direct fluid contact with the rumen. The hay mat is not present in
feedlot cattle fed high-concentrate rations.
As described by Sisson and Grossman, the relative sizes of the 4 stomach compartments
change with age (12). In the neonatal calf, the rumen and reticulum together account for
approximately half the capacity of the abomasum, and this relationship continues while the calf
remains on an all-milk diet. At 8 weeks the rumen and reticulum equal the capacity of the
abomasum and are twice the capacity by 12 weeks. The final relative capacities of the
ruminant stomach are reached at approximately 1 year, when the rumen makes up
approximately 80%, the reticulum 5%, the omasum 7%, and the abomasum 8% of the total
capacity. The total stomach capacity of an adult cow (all 4 compartments) is estimated to be
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in the range of 115 to 150 L, and extremes range from 95 to 230 L.
Following is a summary of published data describing the fluid volume, turnover time, and pH of
the bovine rumen. These data serve as the basis for proposed solubility test criteria for fully
soluble drugs.
Data regarding adult cows' actual stomach volume based on marker data are available.
Reynolds et al. evaluated liquid dilution and rumen volume in adult dairy cows during the late
dry period and after transition to lactation (13). These values are reported in Table 4. The kg
values for liquid volume in this study can be considered equal to liters. Fractional clearance of
the marker substance from the rumen was assumed to represent the liquid dilution rate. The
dry matter volume of the rumen was determined by calculating the dry matter of a composite
sample and then extrapolating this to the entire rumen volume. Rumen volume is reported but
should be considered as the combined volume of the rumen and reticulum because these two
compartments communicate.
Table 4. Mean Rumen Digesta Volume, Liquid Dilution Rate, and Cow Body Weights by
Days Precalving ( ) or Postcalving (+).
Days Precalving ( ) or
Postcalving (+)

17
10

N
Rumen Digesta Volume (kg)
Dry Matter
7.1
Liquid
51.8
Total
58.9
Liquid Dilution (%/hr)
14.8
Cow Body Weight (kg)
745

8
10

+10
10

+20
10

+31
10

Mean

SEM

7.2
50.5
57.0
15.1
749

8.3
48.9
57.1
17.7
659

9.5
54.2
63.1
17.5
658

10.3
57.7
67.9
16.2
651

8.5
52.6
60.8
16.3
692

0.8
4.3
5.1
0.8
24

Park et al. (14) evaluated ruminal dynamics in Holstein dairy cows during the periparturient
period. This study also determined the total capacity of the rumen/reticulum but in this case
involved filling the entire compartment with water (after emptying of contents and before
replacement of contents at each sample time). The volume of fluid represents only part of the
total capacity, and the physiological fluid volumes should be used as the basis for solubility
studies rather than for predicting the total potential volume of the bovine stomach. Values for
total capacity, total fill, liquid fill, and dry matter fill from the Park et al. study are included in
Table 5. As in Table 4, the kg values for liquid volume can be considered equivalent to liters.
Based on the data by Park, the time required for approximately 94% of the fluid to pass through
the rumen is about 19 to 23 h. These two studies are in close agreement for rumen liquid
volume in adult dairy cows (52.6 and 55.3 kg) and also liquid passage time (16.3%/h and
12.7%/h).
Table 5. Total Rumen Capacity; Total, Liquid, and Dry Matter Rumen Fill; and Solid and
Rumen Liquid Passage Rate in Adult Dairy Cows by Stage of Production.
Dry
Solid
Liquid
Day
Total
Liquid
Matter
Passage
Passage
Related to
Capacity
Fill
Fill
Fill
Rate
Rate
Parturition
(kg)
(kg)
(kg)
(kg)
(1/hr)
(1/hr)
Late
72
137
57.3
48.8
8.6
0.036
0.123
Lactation
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Far-off

51

125

60.1

53.9

6.2

0.050

0.126

Close-up

23

140

53.2

48.3

4.9

0.065

0.120

Early
Lactation
Early
Lactation
Early
Lactation
Early
Lactation
Early
Lactation
Early
Lactation
Early
Lactation
Early
Lactation

9

143

50.3

44.3

6.1

0.045

0.122

6

160

63.0

54.2

8.8

0.033

0.132

20

149

61.1

52.3

8.8

0.038

0.144

34

170

69.2

59.3

9.8

0.040

0.131

48

164

66.4

56.4

9.9

0.044

0.141

62

160

73.9

62.6

11.3

0.040

0.118

76

170

73.5

62.2

11.4

0.038

0.127

90

171

77.4

66.0

11.4

0.030

0.118

64.1
4.3
37.5%

55.3
3.7
32.3%

8.8
0.8
5.2%

0.042
0.005

0.127
0.012

Mean
154
SEM
9.4
Mean expressed as % of total
capacity

NA

Islas and Soto-Navarro (15) conducted a similar experiment in crossbred beef heifers with
average weights of 378 ± 28.4 kg. The heifers grazed small-grain pasture and were
supplemented with differing amounts of corn-sourced dried distillers grain with solubles. The
small-grains pasture has a lower percent dry matter (higher moisture content) compared to the
prepared total mixed ration fed to the dairy cows in the previous two studies. Ruminal volume
(again representing both rumen and reticulum), fluid dilution rate, fluid turnover time, and solid
particle dilution rate for this study are presented in Table 6.
Table 6. Ruminal Volume, Fluid Dilution Rate, Turnover Time, Forage, and Dried Distillers
Grains with Solubles (DDGS) Particle Dilution Rate in Beef Heifers on Small-Grain
Pasture.
(DDGS) as % of Body Weight
Mean
SE
0
0.2
0.4
0.6
Ruminal Volume (L)
79.5
81.5
88.3
125.5
93.7
18.9
Fluid Dilution Rate (%/h)
12.3
11.0
11.3
10.3
11.2
1.4
Turnover Time (h)
8.6
9.1
9.2
10.9
9.5
1.4
Forage Particle Dilution Rate (%/h) 5.0
5.3
5.4
4.7
5.1
0.5
DDGS Particle Dilution Rate (%/h)
—
6.6
6.4
6.0
6.3
0.6
A mean total rumen volume of 93.7 L in the Islas study is larger than that of the much heavier
cattle on a different ration in the previous two studies [60.8 and 70.3 kg for Reynolds (12) and
Park (13), respectively]. The pH values for the four treatments ranged from 6.05 to 6.21 with
an SE of 0.12.
Estell and Galyean (16) evaluated the rumen characteristics of steers in seven feeding trials
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conducted at their research facility. Mean body weight during the trials was 347.1 ± 78.1 kg.
Mean rumen fluid volume was 46.1 ± 25.0 L; mean pH was 6.3 ± 0.4 (i.e., 5.1–7.5 = mean ± 3
SD); and the mean fluid dilution rate was 9.2%/h ± 3.0%/h.
Bengochea et al. (17) evaluated rumen pH after different degrees of barley and corn processing
in medium-concentrate, growing diets. Rumen pH ranged from means of 6.16 to 6.36 in the
three treatments.
Enemark et al. (18) used two methods for continuous rumen pH monitoring during administration
of two rations with increasing energy values at the end of the study. Although the data are
presented only graphically, the rumen pH values ranged from 6.3 to 6.8, and the final, higher
energy, ad libitum ration drove one cow down to a pH near 5.8. Continuous rumen temperature
monitoring during this study (again reported only graphically) demonstrated a relatively
constant temperature in the 39 C range.
Cooper-Prado et al. (19) evaluated rumen temperature related to parturition and estrus using
intraruminal sensor boluses in Angus cows. Rumen temperature varied from a high of 38.94 ±
0.05 C before parturition to a low of 38.30 ± 0.09 C the day after estrus was observed.
Ruminal temperature was not influenced by ambient temperature. The cows were on pasture
and received a protein supplement during a portion of the study.
These data support the hypothesis that drug entities reside in the rumen/reticulum for an
extended period of time that allows for dissolution before passage through the concentrating
process of the omassum and into the acidic environment of the abomasum. Therefore, the
rumen should be the compartment used for modeling of drug solubility in the ruminant stomach.
Composition of Rumenal Fluids
Because of their extensive fermentation activity, rumenal fluids are complex mixtures. Generally
they contain large amounts of glucose, bacteria, volatile fatty acids, cellulose, digestive
enzymes, vitamins, proteins, and lipids. However, the relative proportion of these many
constituents can vary as a function of diet (20).
Unlike monogastric species, ruminants do not fast and therefore a highly complex mixture of
materials is present in the rumenal fluids throughout the day. These substances can act as
surfactants, thereby affecting the solubility of an API. The question is whether or not the
presence of these surfactants must be considered when researchers develop testing conditions
for drug substance solubility in ruminants.
Defining the Highest Dose
Solid oral dosage forms: Unlike human medicines for which a milligram amount of drug may be
administered irrespective of body weight, veterinary drug products generally are administered
on a mg/kg basis. Therefore, even for solid oral veterinary dosage forms, the dosage unit with
the highest drug content may be exposed to a higher volume of fluid, thereby effectively
normalizing the mg/mL concentration of solubilized drug in the GI fluids. For this reason, for solid
oral dosage forms the definition of highest milligram dose must be considered from the
perspective of the highest approved mg/kg dose.
Type A medicated feeds: Unlike the solid oral dosage form that is administered in a single
unit, medicated feed consumption occurs ad libitum. Therefore, depending on whether the
product is in a medicated feed that is available throughout the day or is likely to be consumed
rapidly (e.g., a medicated top dress), there will be some period of time over which the entire
daily dose is consumed. Because the intake is ad libitum, the amount per unit time across a
dosing day cannot be ensured.
The intake of the medicated feed over a dosing day must be considered from the perspective
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of the slow movement of drug out of the rumen. Because the rumen retention time generally
exceeds 24 h for solid particles (20), we can assume that at some point the rumen will contain
the total daily dose consumed by the bovine. For this reason, regardless of the method of feed
administration, it seems safe to assume that solubility can be based upon the highest mg/kg
amount of drug that will be consumed during a single dosing day.
One can argue that because of its slow transit time through the rumen medicated feed will
accumulate there. However, such an accumulation would influence only the amount of a lowsolubility drug in the rumen. In other words, if the drug is fully soluble most of the dose will
move with the fluids out of the rumen. Accordingly, the amount of residual solubilized drug
should be negligible.
Time as a Factor in Solubility Testing
Bearing in mind the point about drug accumulation and considering the difficulties that can be
encountered when conducting in vitro dissolution testing for Type A medicated feeds, analysts
must factor time into the solubility test. If we use the conservative turnover time for rumen
fluids proposed by Islas and Soto-Navarro (14), the duration of fluid transit through the rumen
is 8.6–11 h, and solubility must be determined after 8 h of testing. In other words, if a drug is
considered fully soluble in the bovine rumen based on this conservative time estimate, the total
dose should be dissolved within 8.6 h.
Although the solubility test is intended solely to measure a characteristic of the drug substance
(i.e., it is not intended to serve as a measure of formulation effects), when in vitro dissolution
tests cannot readily be performed, e.g., the situation encountered with some Type A
medicated articles (premixes), the solubility test may be required to measure drug substance
and solvent interactions and to ensure that the product is fully solubilized before the rumen
fluids transit into the abomassum.
TEST CONDITIONS FOR DETERMINING SOLUBILITY
The following proposals are intended to serve as a foundation for future discussions.
Although numerous methods for estimating drug solubility can be found in the literature (21),
the gold standard is the shake-flask method (22,23). Single-pH measurements (using the
shake-flask method, for example) cannot distinguish between soluble monomers and soluble
aggregates of the drug molecules (which may range from dimers to micelles) unless more
sophisticated experiments are performed (24). Some of the physico-chemical factors that
influence drug solubility are reviewed elsewhere (25,26).
Thermodynamic solubility is determined by several measurements, generally after 24–48 h of
stirring the drug substance in aqueous medium. Equilibrium is considered to be achieved when
at least two constant values of solubility are measured over time.
Proposed Criteria for Fully Soluble Drugs
The following proposals are intended to serve as a springboard for discussions in anticipation of
an upcoming USP general chapter that defines solubility criteria for veterinary species.
DOGS
Test the maximum FDA approved mg/kg dose (based on dose bands of the oral dosage
form). The total milligram amount of drug under test should be that maximum mg/kg
dose multiplied by the body weight of a typical laboratory beagle dog (10 kg).
Using a midpoint value between the gastric fluid volume scaled to the 2/3 power and to
the ¾ power, determine the solubility of that estimated milligram dose in 10 mL of
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gastric fluid.
Testing should be conducted under the following conditions:
a. 37 C
b. pH 1.2 (0.1 N HCl), 4.5 (acetate buffer), and 7.5 (phosphate buffer). These
conditions are identical to those used when testing the solubility of compounds
intended for human use.
c. As with the human BCS, no constraints must be imposed upon the duration of
the solubility test. The dissolution of the finished product is an independent
study.
CATTLE
The following conditions for assessing drug solubility reflect suggested conditions for testing
drug solubility in cattle:
pH: 5.1 to 7.5
Buffer solution: typical phosphate buffer can be used. Although the rumen is rich in
surfactants such as fatty acids, we are not recommending their inclusion in the test
medium at this time, but this clearly is a point for further discussion.
Volume: to be conservative, the mean ruminal volume of 50 L of fluid should be used
during solubility testing based on the Estell and Galyean (1985) report (16).
Temperature: 38 C.
Time for solubilization: based on the fluid transit time in the rumen: 8 h appears to be
an alternative mechanism for ensuring that the drug in a medicated feed is completely
dissolved and delivered to the absorbing portion of the GI tract in a dissolutionindependent manner.
When analysts estimate the milligram dose that should be tested when evaluating
solubility in the bovine, it should be based on the anticipated mg dose/kg body
weight/day that will be consumed by the bovine.
Perspectives on the establishment of bioequivalence for Type A medicated articles (premixes)
have been published recently (27).
When the drug is a solid oral dosage form intended for administration to ruminating cattle, the
time factor associated with the proposed solubility test criteria may be eliminated, and in its
place in vitro dissolution testing can be conducted.
NEXT STEPS
Because of the many species for which solubility criteria are needed, the ultimate goal is to
expand the USP general chapter on veterinary drug solubility to include criteria for such species
as cats, swine, and poultry. However, for now our focus will remain on establishing speciesspecific test conditions and solubility criteria for dogs and cattle. To that end, this Stimuli
article is intended as a foundation for future discussions.
Controversies, issues, and potential solutions raised in this Stimuli article will be discussed
during a public USP workshop that will be held at USP Headquarters in Rockville, MD, on 7–8
November 2012. The purpose of that workshop is to discuss and obtain either a resolution or a
path forward regarding controversial aspects of the solubility proposals in this Stimuli article
and to identify areas that need additional research.
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The outcome of these discussions will be used in the development of the initial version of the
USP general chapter on solubility criteria in veterinary species.
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This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
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section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within 90
Interim
Revision Announcements
days of the PF publication in which the
Revision
(IRAs) that will be published standard was proposed (or per the comment
Announcements as official USP or NF
deadline listed in the Briefing section). Direct
standards
comments to the USP Scientific Liaison using
BRIEFING: Scientific
the contact information provided at the end of
rationale for proposed
each Proposed IRA
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
In-Process
Proposals for standards that Review material and send comments within 90
Revision
will be published as official in days of the PF publication in which the revision
a future USP–NF book or
was proposed (or per the comment deadline
Supplement.
listed in the Briefing section). Direct comments
BRIEFING: Scientific
to the USP Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include other proposed revision. For general inquiries or in
information useful to the
cases where a Scientific Liaison is not
analyst, such as the brand identified, use the general USP telephone
name of the column used in number 301-881-0666 or fax number 301-998developing the proposed
6839 or stdsmonographs@usp.org.
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
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The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within 90
Interim
Revision Announcements
days of the PF publication in which the
Revision
(IRAs) that will be published standard was proposed (or per the comment
Announcements as official USP or NF
deadline listed in the Briefing section). Direct
standards
comments to the USP Scientific Liaison using
BRIEFING: Scientific
the contact information provided at the end of
rationale for proposed
each Proposed IRA
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
In-Process
Proposals for standards that Review material and send comments within 90
Revision
will be published as official in days of the PF publication in which the revision
a future USP–NF book or
was proposed (or per the comment deadline
Supplement.
listed in the Briefing section). Direct comments
BRIEFING: Scientific
to the USP Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include other proposed revision. For general inquiries or in
information useful to the
cases where a Scientific Liaison is not
analyst, such as the brand identified, use the general USP telephone
name of the column used in number 301-881-0666 or fax number 301-998developing the proposed
6839 or stdsmonographs@usp.org.
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Heparin Lock Flush Solution, USP 35 page 3402. Working closely with the FDA, USP is
proposing to revise the Labeling section of this monograph to address the growing safety
concern over containers with labels that do not clearly express the total drug strength. The
Labeling section in the currently official monograph requires that the label indicate only
strength per mL unless it is for a single-dose vial. This requirement conflicts with general
test chapter Injections 1 , Labels and Labeling, Strength and Total Volume for Singleand Multiple-Dose Injectable Drug Products, which requires that the label reflect strength
per total volume as the primary expression of strength, followed in close proximity by
strength per mL enclosed in parentheses. The proposed revision aligns this monograph with
1

by removing the conflicting labeling requirement in the monograph.

Note that the labeling requirements from 1

are not explicitly cited in the Labeling section of

this proposed revision, because it is understood from the USP General Notices that 1
applies to all injections unless superseded by differing requirements in the monograph. Users
should also be aware that the section of Injections
to the newly proposed general test chapter Labeling
official.

1
7

mentioned above will be relocated
when that chapter becomes

In addition, a change is proposed in the Packaging and Storage section of this monograph.
USP wishes to work closely with all stakeholders on the implementation of this important
revision of the Labeling section and invites comments, particularly on the proposed official
date of the Interim Revision Announcement (IRA) of March 1, 2013. If comments indicate
that a longer implementation period is required, a delayed official date will be considered.
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(BIO1: A. Szajek.)
Correspondence Number—C119400

Comment deadline: November 30, 2012
Heparin Lock Flush Solution
DEFINITION
Heparin Lock Flush Solution is a sterile preparation of Heparin Sodium Injection with sufficient
Sodium Chloride to make it isotonic with blood. Its potency is NLT 90.0% and NMT 120.0% of
the potency stated on the label in terms of USP Heparin Units. It contains NMT 1.00% of
sodium chloride (NaCl). It may contain a suitable preservative.
ASSAY
• Anti-Factor IIa Potency
pH 8.4 buffer: Dissolve 6.10 g of tris(hydroxymethyl)aminomethane, 10.20 g of sodium
chloride, 2.80 g of edetate sodium, and, if suitable, between 0 and 10.00 g of
polyethylene glycol 6000 and/or 2.00 g of bovine serum albumin in 800 mL of water. [Note
—2.00 g of human albumin may be substituted for 2.00 g of bovine serum albumin.] Adjust
with hydrochloric acid to a pH of 8.4, and dilute with water to 1000 mL.
Antithrombin solution: Reconstitute a vial of antithrombin (see Reagents, Indicators, and
Solutions—Reagent Specifications) in water to obtain a solution of 5 Antithrombin IU/mL.
Dilute this solution with pH 8.4 buffer to obtain a solution having a concentration of 0.125
Antithrombin IU/mL.
Thrombin human solution: Reconstitute thrombin human (factor IIa) (see Reagents,
Indicators, and Solutions—Reagent Specifications) in water to give 20 Thrombin IU/mL,
and dilute with pH 8.4 buffer to obtain a solution having a concentration of 5 Thrombin
IU/mL. [Note—The thrombin should have a specific activity of NLT 750 IU/mg.]
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic thrombin
substrate for amidolytic test (see Reagents, Indicators, and Solutions—Reagent
Specifications) in water to obtain a concentration of 1.25 mM.
Stopping solution: 20% (v/v) solution of acetic acid
Standard solutions: Reconstitute the entire contents of an ampul of USP Heparin Sodium
for Assays RS with water, and dilute with pH 8.4 buffer to obtain at least four dilutions in
the concentration range between 0.005 and 0.03 USP Heparin Unit/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain concentrations of
Heparin Lock Flush Solution similar to those obtained for the Standard solutions.
Analysis
[Note—The procedure can also be performed using alternative platforms.]
For each dilution of the Standard solutions and the Sample solutions, at least duplicate
samples should be tested. Label a suitable number of tubes, depending on the number of
replicates to be tested. For example, if five blanks are to be used: B1, B2, B3, B4, and B5
for the blanks; T1, T2, T3, and T4 each at least in duplicate for the dilutions of the
Sample solutions; and S1, S2, S3, and S4 each at least in duplicate for the dilutions of
the Standard solutions. Distribute the blanks over the series in such a way that they
accurately represent the behavior of the reagents during the experiments. [Note—Treat
the tubes in the order B1, S1, S2, S3, S4, B2, T1, T2, T3, T4, B3, T1, T2, T3, T4, B4, S1,
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S2, S3, S4, B5.] Note that after each addition of a reagent, the incubation mixture should
be mixed without allowing bubbles to form. Add twice the volume (100–200 µL) of
Antithrombin solution to each tube containing one volume (50–100 µL) of either the pH
8.4 buffer or an appropriate dilution of the Standard solutions or the Sample solutions.
Mix, but do not allow bubbles to form. Incubate at 37 for at least 1 min. Add to each
tube 25–50 µL of Thrombin human solution, and incubate for at least 1 min. Add 50–100
µL of Chromogenic substrate solution. Please note that all reagents, Standard solutions,
and Sample solutions should be prewarmed to 37 just before use. Two different types of
measurements can be recorded:
1.Endpoint measurement: Stop the reaction after at least 1 min with 50–100 µL of
Stopping solution. Measure the absorbance of each solution at 405 nm using a
suitable spectrophotometer (see Spectrophotometry and Light-Scattering 851
). The RSD over the blank readings is less than 10%.
2.Kinetic measurement: Follow the change in absorbance for each solution over 1 min
at 405 nm using a suitable spectrophotometer (see Spectrophotometry and LightScattering 851 ). Calculate the change in absorbance/min (DOD/min). The
blanks for kinetic measurement are also expressed as DOD/min and should give the
highest values because they are carried out in the absence of heparin. The RSD
over the blank readings is less than 10%.
Calculations: The statistical models for Slope ratio assay or Parallel-line assay can be
used, depending on which model best describes the correlation between concentration
and response.
Parallel-line assay: For each series, calculate the regression of the absorbance or change
in absorbance/min against log concentrations of the Standard solutions and the Sample
solutions, and calculate the potency of Heparin Lock Flush Solution in USP Units/mL using
statistical methods for parallel-line assays.
Slope ratio assay: For each series, calculate the regression of the log absorbance or the
log change in absorbance/min against concentrations of the Standard solutions and the
Sample solutions, and calculate the potency of Heparin Lock Flush Solution in USP
Units/mL using statistical methods for slope ratio assays.
Acceptance criteria: 90.0%–120.0%
• Sodium Chloride
Sample solution: Pipet 10 mL of Solution into a suitable container, dilute with water to
about 150 mL, and add 1.5 mL of potassium chromate TS.
Analysis: Titrate with 0.1 N silver nitrate. Each mL of 0.1 N silver nitrate is equivalent to
5.844 mg of NaCl.
SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 0.5 USP Endotoxin Unit/mL

• Particulate Matter in Injections
injections
• pH

788 : Meets the requirements for small-volume

791 : 5.0–7.5

• Other Requirements: It meets the requirements for Injections

1 .
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ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose, prefilled syringes or containers; in
multiple-dose containers, preferably of Type I glass;
or in suitable plastic containers. (IRA 1-Mar-2013)
Change to read:
• Labeling: Label it to indicate the volume of the total contents and to indicate the potency
in terms of USP Heparin Units only per mL, except that single unit-dose containers may be
labeled additionally to indicate the single unit-dose volume and the total number of USP
Heparin Units. Where it is labeled with total content, the label states clearly that the
entire contents are to be used or, if not, any remaining portion is to be discarded.
(IRA 1-Mar-2013)

Label it to indicate the organ and species from which the heparin sodium is derived. The label
states also that the Solution is intended for maintenance of patency of intravenous
injection devices only, and that it is not to be used for anticoagulant therapy. The label
states also that in the case of the Solution having a concentration of 10 USP Heparin
Units/mL, it may alter, and that in the case of higher concentrations, it will alter, the
results of blood coagulation tests.
• USP Reference Standards 11
USP Endotoxin RS
USP Heparin Sodium for Assays RS
BRIEFING
Sevoflurane, USP 35 page 4632. On the basis of comments received, it is proposed to revise
the Limit of Fluoride test. System suitability solutions 1–4 are renamed Standard stock
solutions 1–4 to accurately reflect the purpose of the solutions. The test is revised to
specify using Standard solutions 4 and 2 instead of Standard stock solutions 4 and 2 to
assess whether a satisfactory response is achieved because the Standard stock solutions
do not contain the buffer required to obtain a meaningful measurement. The Analysis section
is revised to include the sample dilution factor, 2, to account for the 1:1 dilution of the
Sample solution with Buffer solution. In addition, the molecular formula and molecular weight
are added for USP Sevoflurane Related Compound B RS and USP Sevoflurane Related
Compound C RS, and the molecular weight is corrected for USP Sevoflurane Related
Compound A RS in the USP Reference Standards 11 section. Minor editorial changes are
also made to be consistent with USP's current style for monographs. The comment period for
this revision ends November 30, 2012. In the absence of significant adverse comments, it is
proposed to implement this revision via an Interim Revision Announcement with an official
date of March 1, 2013.
(SM4: M. Waddell.)
Correspondence Number—C116906

Comment deadline: November 30, 2012
Sevoflurane
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200.05

Propane, 1,1,1,3,3,3-hexafluoro-2-(fluoromethoxy)-;
Fluoromethyl 2,2,2-trifluoro-1-(trifluoromethyl)ethyl ether

[28523-86-6].

DEFINITION
Sevoflurane contains NLT 99.97% and NMT 100.00% of sevoflurane (C4 H3 F 7 O).
IDENTIFICATION
• A. Infrared Absorption
Acceptance criteria: The IR absorption spectrum of Sevoflurane, obtained using a gas
cell, exhibits maxima only at the same wavelengths as that of a similar preparation of USP
Sevoflurane RS.
ASSAY
Change to read:
• Procedure
Analysis: Using the results from the test for Organic Impurities, Procedure 2
(IRA 1-Mar-2013)

calculate the percentage of sevoflurane (C4 H3 F 7 O) in the volume of Sevoflurane taken by
subtracting the sum of percentages for all impurities found from 100.00%.
Acceptance criteria: 99.97%–100.00%
IMPURITIES
Change to read:
• Limit of Fluoride
[Note—Use plastic utensils throughout this test.]
Buffer solution: Transfer 110 g of sodium chloride and 1 g of sodium citrate to a 2000-mL
volumetric flask. Dissolve in 700 mL of water. Carefully add 150 g of sodium hydroxide, and
shake to dissolve. Cool to room temperature, and carefully add 450 mL of glacial acetic
acid while stirring. Cool, add 600 mL of isopropyl alcohol, and dilute with water to volume.
[Note—The pH of this solution is 5.0–5.5. This solution may be used for 6 weeks when
stored at room temperature.]
Solution A: Transfer 221 mg of sodium fluoride, previously dried at 150 for 4 h, to a 100mL volumetric flask. Add about 20 mL of water, and mix to dissolve. Add 1.0 mL of 0.01 N
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sodium hydroxide, and dilute with water to volume. Each mL of this solution contains 1 mg
of fluoride. Store in a tightly closed, plastic container. [Note—This solution may be used
for 2 weeks when stored in a refrigerator.]
System suitability
Standard stock (IRA 1-Mar-2013)
solution 1: 0.2 µg/mL of fluoride from Solution A in water
System suitability
Standard stock (IRA 1-Mar-2013)
solution 2: 0.5 µg/mL of fluoride from Solution A in water
System suitability
Standard stock (IRA 1-Mar-2013)
solution 3: 2 µg/mL of fluoride from Solution A in water
System suitability
Standard stock (IRA 1-Mar-2013)
solution 4: 5 µg/mL of fluoride from Solution A in water
Standard solution 1: 0.10 µg/mL of fluoride from System suitability
Standard stock (IRA 1-Mar-2013)
solution 1 in Buffer solution
Standard solution 2: 0.25 µg/mL of fluoride from System suitability
Standard stock (IRA 1-Mar-2013)
solution 2 in Buffer solution
Standard solution 3: 1.0 µg/mL of fluoride from System suitability
Standard stock (IRA 1-Mar-2013)
solution 3 in Buffer solution
Standard solution 4: 2.5 µg/mL of fluoride from System suitability
Standard stock (IRA 1-Mar-2013)
solution 4 in Buffer solution
Sample solution: Pipet 50.0 mL of Sevoflurane and 50.0 mL of water into a separatory
funnel, shake vigorously for 3 min, and allow the liquids to separate completely. Transfer
25.0 mL of the aqueous top layer to a 50-mL volumetric flask, and dilute with Buffer
solution to volume.
Analysis
Samples: Standard solutions 1–4 and Sample solution
Concomitantly measure the potentials, in mV, of System suitability solutions 1–4,
(IRA 1-Mar-2013)

Standard solutions 1–4 and the Sample solution with a pH meter (see pH 791 ) capable
of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ion-indicating
electrode and a glass-sleeved calomel reference electrode. When taking measurements,
transfer the solution under test to a 100-mL beaker containing a polytef-coated stirring
bar, and immerse the electrodes. Allow to stir on a magnetic stirrer having an insulated
top until equilibrium is attained in about 2–3 min, and record the potential. Rinse the
electrodes with the Buffer solution, and dry, taking care to avoid damaging the crystal of
the specific-ion electrode. A satisfactory response is achieved if the difference between
the potentials obtained with System suitability solution 4 and System suitability solution 2
Standard solution 4 and Standard solution 2 (IRA 1-Mar-2013)
is in the range between 50 and 60 mV. Plot the logarithms of the fluoride concentrations, in
µg/mL, of Standard solutions 1–4 versus potentials, in mV. From the graph and the
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measured potential of the Sample solution, determine the concentration,
C (IRA 1-Mar-2013)
(µg/mL) of fluoride in the Sample solution.
Multiply C by 2 to obtain the concentration (µg/mL) of fluoride in the portion of
Sevoflurane taken. (IRA 1-Mar-2013)
Acceptance criteria: NMT 2 µg/mL is found.
Change to read:
• Procedure 1:
(IRA 1-Mar-2013)

Limit of Nonvolatile Residue
Analysis: Transfer 10.0 mL of Sevoflurane to an evaporating dish, evaporate to dryness on
a steam bath, and dry the residue at 105 for 2 h.
Acceptance criteria: The weight of the residue does not exceed 1.0 mg.
Change to read:
• Procedure 2
Organic Impurities (IRA 1-Mar-2013)
Internal standard solution: Use dimethoxymethane.
Ethylene dichloride identification solution: Transfer 2.0 mL of Sevoflurane to a vial, and
seal with a cap and septum. Using a microsyringe, add 20 µL of ethylene dichloride
through the septum of the vial, and mix thoroughly.
Sevoflurane related compounds stock solution: Transfer 20 mL of Sevoflurane to a 40mL vial with a septum lid. Add 20 µL each of USP Sevoflurane Related Compound A RS,
USP Sevoflurane Related Compound B RS, and USP Sevoflurane Related Compound C RS to
the vial, and mix thoroughly.
Related compounds identification solution: Transfer 1.0 mL of Ethylene dichloride
identification solution to a 10-mL volumetric flask, and dilute with Sevoflurane to volume.
Transfer 2 mL of this solution and 5 mL of Sevoflurane related compounds stock solution
to a 50-mL volumetric flask, dilute with Sevoflurane to volume, and mix thoroughly.
Standard solutions: Prepare in duplicate, proceeding for each as follows. Transfer 2.0 mL
of ethylene dichloride to a screw-capped vial, immediately seal with a cap and septum,
and place on a balance. Using a microsyringe, transfer about 20 µL of USP Sevoflurane RS
to the vial by inserting the syringe needle through the septum. Record the quantity, in
mg, of USP Sevoflurane RS added. Using the same method, transfer about 20 µL of the
Internal standard solution to the vial, and record the quantity, in mg, of the solution
added.
Control standard solution: Place a 40-mL vial with a septum lid on an analytical balance,
and tare out the weight. Add 30 mL of ethylene dichloride to the vial, and seal tightly.
Record the weight of the ethylene dichloride, and tare. Using a microsyringe, add 20 µL of
the USP Sevoflurane RS through the septum of the vial, record the weight, and mix
thoroughly. Transfer 1.0 mL of this solution to a 100-mL volumetric flask, and dilute with
ethylene dichloride to volume.
Sample solution: Transfer 20.0 mL of Sevoflurane to a vial, and insert the stopper. Using
a microsyringe, add 5 µL of the Internal standard solution to the vial.
Chromatographic system
(See Chromatography
Mode: GC

621 , System Suitability.)
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Detector: Flame ionization
Column: 0.32-mm × 30-m fused-silica capillary column coated with a 3.0-µm film of liquid
phase G43
Temperatures
Injection port: 200
Detector: 225
Column: See Table 1. Before use, condition the column overnight at a temperature of
250 .
Table 1
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
40
0
40
10
40
10
200
14
Carrier gas: Helium
Flow rate: 1 mL/min. [Note—The make-up gas flow rate is 20 mL/min.]
Injection volume: 2 µL
Injection type: Split ratio 1:20
System suitability
Samples: Related compounds identification solution and
one of the (IRA 1-Mar-2013)
Standard solutions
Suitability requirements
[Note—Identify the peaks using the relative retention times given in Table 2.]
Resolution: NLT 2.0 between sevoflurane related compound C and ethylene dichloride,
Related compounds identification solution
Column efficiency: NLT 6000 theoretical plates
for the sevoflurane peak, (IRA 1-Mar-2013)
Standard solution
Relative standard deviation: NMT 3.0% from the peak area ratio of sevoflurane to the
internal standard,
Standard solution (IRA 1-Mar-2013)
Analysis
Samples: Ethylene dichloride identification solution, Standard solutions, Control standard
solution, and Sample solution
Calculate the response factor for each of the Standard solutions:
Result = (WI /WS) × RS
W=
I weight of the internal standard in the Standard solutions (mg)
W=
S weight of USP Sevoflurane RS in the Standard solutions (mg)
RS= peak area response ratio of sevoflurane to that of the internal standard from the
Standard solutions
The response factors for the duplicate Standard solutions do not differ by more than 3.0%
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from their average.
Calculate the quantity, in µg/g, of each impurity in the portion of Sevoflurane (C4 H3 F 7 O)
taken:
Result = (S1/S2) × (RI /F R) × (1/F) × 250
S=
1 specific gravity of the internal standard, 0.859
S=
2 specific gravity of sevoflurane, 1.525
R=
I peak area response ratio of the impurity to that of the internal standard from the
Sample solution
F=
R average response factor obtained as directed above
F= respective relative response factor for the impurities (see Table 2)
Acceptance criteria
[Note—Do not include sevoflurane, the internal standard, or any peak identified as solvent
carryover (ethylene dichloride). Also, disregard any peak with an area less than 30% of
the average area of the principal peak in the chromatogram obtained with the Control
standard solution.]
Individual impurities: NMT 25 µg/g of sevoflurane related compound A and NMT 100
µg/g of any other single impurity
Total impurities: NMT 300 µg/g
Table 2
Relative
Retention
Name
Time
Sevoflurane related compound A
0.78
Sevoflurane related compound B
0.83
Sevoflurane
1.0
Internal standard (dimethoxymethane)
1.35
Ethylene dichloride
2.28
Sevoflurane related compound C
2.31
Unknown impurities
—

Relative
Response
Factor
1.0
1.0
—
—
—
0.46
1

SPECIFIC TESTS
• Refractive Index 831 : 1.2745–1.2760 at 20
• Acidity or Alkalinity: Transfer 20.0 mL of Sevoflurane and 20.0 mL of carbon dioxide-free
water to a separatory funnel, shake for 3 min, and allow the layers to separate.
Acceptance criteria: The aqueous layer requires NMT 0.10 mL of 0.010 N sodium hydroxide
or NMT 0.60 mL of 0.010 N hydrochloric acid for neutralization, bromocresol purple TS
being used as the indicator.
• Water Determination, Method I

921 : NMT 0.1%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature. Replace the cap securely after each use.
Change to read:
• USP Reference Standards

11
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USP Sevoflurane RS
USP Sevoflurane Related Compound A RS
1,1,1,3,3-Pentafluoroisopropenyl fluoromethyl ether.
C4 H2 F 6 O
179.97
180.05 (IRA 1-Mar-2013)
USP Sevoflurane Related Compound B RS
1,1,1,3,3,3-Hexafluoro-2-methoxy-propane.
C4 H4 F 6 O
182.06 (IRA 1-Mar-2013)
USP Sevoflurane Related Compound C RS
1,1,1,3,3,3-Hexafluoro-2-propanol.
C3 H2 F 6 O

168.04

(IRA 1-Mar-2013)

BRIEFING
Tramadol Hydrochloride, USP 35 page 4904. On the basis of comments received, it is
proposed to make the following changes:
1.
Add Identification test C with the retention time agreement of the major peak as
obtained in the Assay to strengthen the monograph.
2.
Revise the TLC Analysis for Procedure 1: Limit of Related Compound B under Organic
Impurities to include a critical step and clarify the distance traveled by the solvent.
3.
Update the formatting of chemical names of USP Tramadol Related Compound A RS and
USP Tramadol Related Compound B RS and add the relevant chemical formula and
molecular weight to be consistent with the current USP naming convention and style.
Editorial changes have been made as part of USP monograph redesign. The comment period for
this revision ends on November 30, 2012. In the absence of negative comments, it is
proposed to implement this revision via an Interim Revision Announcement, with an official
date of March 1, 2013.
(SM2: H. Cai, C. Anthony.)
Correspondence Number—C96575

Comment deadline: November 30, 2012
Tramadol Hydrochloride

C16H25NO2·HCl

299.84

(±)-cis-2-[(Dimethylamino)methyl]-1-(3-methoxyphenyl) cyclohexanol hydrochloride;
(±)-cis-2-[(Dimethylamino)methyl]-1-(m-methoxyphenyl) cyclohexanol hydrochloride
[36282-47-0].
DEFINITION
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Tramadol Hydrochloride contains NLT 98.0% and NMT 102.0% of tramadol hydrochloride
(C16H25NO2·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride
the requirements.

191 : An aqueous solution (1 in 100) meets

Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. (IRA 1-Mar-2013)
ASSAY
• Procedure
Solution A: Dissolve 0.5 mL of trifluoroacetic acid in 1000 mL of water.
Mobile phase: Acetonitrile and Solution A (30:70)
System suitability solution: 0.05 mg/mL each of USP Tramadol Hydrochloride RS and USP
Tramadol Hydrochloride Related Compound A RS in Mobile phase
Standard solution: 1.5 mg/mL of USP Tramadol Hydrochloride RS in Mobile phase
Sample solution: 1.5 mg/mL of Tramadol Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for tramadol related compound A and tramadol are
about 0.9 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 2.0 between tramadol related compound A and tramadol
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of tramadol hydrochloride (C16H25NO2·HCl) in the portion of
Tramadol Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of tramadol from the Sample solution
rS= peak response of tramadol from the Standard solution
C=
S concentration of USP Tramadol Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Tramadol Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
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IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method I 231 : 20 ppm
• Content of Chloride
Sample solution: 150 mg of Tramadol Hydrochloride in 40 mL of water
Analysis: To the Sample solution add, with stirring, 7.5 mL of 4 N nitric acid and 15.0 mL
of 0.1 N silver nitrate, and titrate with 0.1 N ammonium thiocyanate VS, determining the
endpoint potentiometrically, and using a silver–glass electrode system. Each mL of 0.1 N
ammonium thiocyanate is equivalent to 3.545 mg of chloride.
Acceptance criteria: 11.6%–12.1% of chloride is found.
Change to read:
• Organic Impurities, Procedure 1: Limit of Tramadol Related Compound B
(2-[(Dimethylamino)methyl]cyclohexanone hydrochloride) (IRA 1-Mar-2013)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Standard solution: 0.1 mg/mL of USP Tramadol Related Compound B RS in methanol
Sample solution: 50 mg/mL of Tramadol Hydrochloride in methanol
Developing solvent system: Toluene, isopropyl alcohol, and 25% ammonia water
(80:19:1)
Sodium nitrite solution: 50 mg/mL of sodium nitrite in water
Analysis:
Place the plate in a chromatographic chamber saturated with ammonia vapor from stronger
ammonia water, and allow to stand for NLT 20 min. (IRA 1-Mar-2013)
Separately apply about 10 µL each of the Sample solution and the Standard solution to the
plate, and develop the plate until the solvent front is
NLT (IRA 1-Mar-2013)
10 cm above the line of application. Remove the plate, spray with Dragendorff's TS, and airdry for 5 min. Spray the dried plate with Sodium nitrite solution until the spot from
tramadol related compound B in the Standard solution is visible. Any secondary spot from
the Sample solution corresponding to tramadol related compound B is not more intense
than a corresponding spot from the Standard solution.
Acceptance criteria: NMT 0.2%
• Organic Impurities, Procedure 2
Mobile phase, System suitability solution, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Tramadol Hydrochloride taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria
Tramadol related compound A: NMT 0.2%
Individual impurities: NMT 0.1%
Total impurities: NMT 0.4%
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SPECIFIC TESTS
• Water Determination, Method Ia 921 : NMT 0.5%
• Acidity
Sample solution: 500 mg of Tramadol Hydrochloride in 10 mL of water
Analysis: To the Sample solution add 0.2 mL of methyl red TS and 0.2 mL of 0.01 N
hydrochloric acid VS, and titrate with 0.01 N sodium hydroxide VS.
Acceptance criteria: NMT 0.4 mL of 0.01 N sodium hydroxide VS is required to produce a
yellow color.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Tramadol Hydrochloride RS
USP Tramadol Related Compound A RS
RS,SR-1-(3-Methoxyphenyl)-2-(dimethylaminomethyl-cyclohexanol hydrochloride.
(RS,SR)-1-(3-Methoxyphenyl)-2-(dimethylaminomethyl)cyclohexanol hydrochloride.
C16 H25 NO2 · HCl
299.84
(IRA 1-Mar-2013)

USP Tramadol Related Compound B RS
2-(Dimethylaminomethyl)-1-cyclohexanone hydrochloride.
(2-[(Dimethylamino)methyl]cyclohexanone hydrochloride).
C9 H17 NO · HCl
191.70
(IRA 1-Mar-2013)

In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX
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Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example,
2S (USP 34)

indicates that the proposed revision is slated for the Second Supplement to USP 34,

and
USP35

and

NF30

indicates that the revisions are proposed for USP 35 and NF 30, respectively.

Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
16 Automated Methods of Analysis, USP 35 page 43. USP proposes to omit this
general information chapter from the compendia. The affected monographs will be revised
accordingly. In the absence of other analytical procedures, those described here will be
introduced in the individual monographs.
(GC: H. Pappa.)
Correspondence Number—C120146

Comment deadline: November 30, 2012
Delete the following:
16

AUTOMATED METHODS OF ANALYSIS

Where a sufficiently large number of similar units are to be subjected routinely to the same
type of examination, automated methods of analysis may be far more efficient and precise than
manual methods. Such automated methods have been found especially useful in testing the
content uniformity of tablets and capsules and in facilitating methods requiring precisely
controlled experimental conditions. Many manufacturing establishments, as well as the
laboratories of regulatory agencies, have found it convenient to utilize automated methods as
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alternatives to Pharmacopeial methods (see Procedures under Tests and Assays in the General
Notices and Requirements). In addition, the detection system and calculation of results for
automated methods are often computerized.
Before an automated method for testing an article is adopted as an alternative, it is advisable
to ascertain that the results obtained by the automated method are equivalent in accuracy and
precision to those obtained by the prescribed Pharmacopeial method, bearing in mind the
further principle stated in the General Notices and Requirements that “where a difference
appears, or in the event of dispute, only the result obtained by the procedure given in this
Pharmacopeia is conclusive.”
It is necessary to monitor the performance of the automated analytical system continually by
assaying standard preparations of known composition frequently interspersed among the test
preparations. Where immiscible solvents are employed in the automated apparatus for rapid
extractions, they are often separated for analysis before complete extraction is attained, and
the chemical reactions utilized in automated methods rarely are stoichiometric. Both the
accuracy and the precision of the determinations depend upon precise adjustment of the
equipment, so maintained that all standard and test preparations are exposed to identical
physical and chemical manipulations for identical time intervals. Excessive variability in the
response of the standard preparations indicates that the analytical system is malfunctioning
and that the test results are therefore invalid. However, where automated systems are shown
to operate reliably, the precision of the automated method may surpass that of the manual
procedure employing the same basic chemistry.
Many of the manual methods given in this Pharmacopeia can be adapted for use in automated
equipment incorporating either discrete analyzers or continuous flow systems and operating
under a variety of conditions. On the other hand, an analytical scheme devised for a particular
automated system may not be readily transposable for use either in a manual procedure or in
other types of automated equipment.
The apparatus required for manual methods is, in general, less complicated than the apparatus
of automated systems, even those systems used for the direct automated measurement of a
single analyte (i.e., the substance being determined or analyzed for) in a binary mixture.
However, because of their versatility, automated systems designed for the rapid determination
of a specified substance often can be readily modified by the addition of suitable modules and
accessories to permit the determination of one or more additional substances in a dosage form.
Such extended systems have been utilized, for example, in the automated analysis of articles
containing both estrogens and progestogens.
The accompanying pertinent diagrams represent examples of automated methods. Diagrams for
official methods are reproduced here rather than in the individual monographs. The descriptions
of the procedural details in these methods exemplify the general approach in automated
analysis applicable to dosage forms. It should be noted that the diagrams, with many minutiae,
are an indispensable part of the directions for conducting the analysis.
DIAGRAMS
The diagrams shown below are arranged in alphabetic order by the name of the drug first
mentioned, where the diagram is for a procedure for a specific article. Where there is no
procedure in this chapter for a particular diagram, reference is to be made to the named
monograph.
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ANTIBIOTICS—HYDROXYLAMINE ASSAY
The following procedure is applicable for the assay of those Pharmacopeial antibiotics, such as
cephalosporins and penicillins, that possess the beta-lactam structure.
Apparatus—Automatic analyzer consisting of (1) a liquid sampler, (2) a proportioning pump, (3)
suitable spectrophotometers equipped with matched flow cells and analysis capability at 480
nm, (4) a means of recording spectrophotometric readings, and/or computer for data retrieval
and calculation, and (5) a manifold consisting of the components illustrated in the
accompanying pertinent diagram.

Diagram for Automated Hydroxylamine Assay for Antibiotics
Reagents—
Hydroxylamine Hydrochloride Solution—Dissolve 20 g of hydroxylamine hydrochloride in 5 mL of
polyoxyethylene (23) lauryl ether solution (1 in 1000), and add water to make 1000 mL.
Acetate Buffer—Dissolve 173 g of sodium hydroxide and 20.6 g of sodium acetate in water to
make 1000 mL. Dilute 75 mL of this solution with water to 500 mL, and mix.
Ferric Nitrate Solution—Suspend 233 g of ferric nitrate in about 600 mL of water, add 2.8 mL of
sulfuric acid, stir until the ferric nitrate is dissolved, add 1 mL of polyoxyethylene (23) lauryl
ether, dilute with water to 1000 mL, and mix.
USP Reference Standards
individual monograph.

11 —Use the USP Reference Standard as directed in the

Standard Preparation—Unless otherwise directed in the individual monograph, dissolve an
accurately weighed quantity of the USP Reference Standard in water, and quantitatively dilute
with water to obtain a solution having a known concentration of about 1 mg per mL.
Assay Preparation—Unless otherwise directed in the individual monograph, using the specimen
under test, prepare as directed under Standard Preparation.
Procedure—With the sample line pumping water, the other lines pumping their respective
reagents, and the spectrophotometer set at 480 nm, standardize the system until a steady
absorbance baseline has been established. Transfer portions of the Standard Preparation and
the Assay Preparation to sampler cups, and place in the sampler. Start the sampler, and
conduct determinations of the Standard Preparation and the Assay Preparation typically at the
rate of 40 per hour, using a ratio of about 2:1 for sample and wash time. Calculate the potency
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by the formula given in the individual monograph, in which C is the concentration, in mg per mL,
of USP Reference Standard in the Standard Preparation; P is the potency, in µg per mg, of the
USP Reference Standard; and AU and AS are the absorbances, corrected for the absorbances of
the respective blanks, of the solutions from the Assay Preparation and the Standard
Preparation, respectively.
ASSAY FOR ASCORBIC ACID
The following procedure is applicable for the assay of ascorbic acid in Pharmacopeial
multivitamin-minerals combination products (solid and liquid dosage forms) that contain
components that interfere in other methods of assay.
Apparatus—Automatic analyzer consisting of (1) a liquid sampler; (2) a proportioning pump;
(3) a suitable fluorimeter equipped with a flow cell and filters: primary—335 nm, and secondary
—426 nm; (4) a means of recording fluorimeter readings; and (5) a manifold consisting of the
components illustrated in the accompanying pertinent diagram.

Diagram for Automated Ascorbic Acid
Reagents—
Extracting Solution—Dissolve 600 g of metaphosphoric acid in 1200 mL of water. Add 400 mL of
glacial acetic acid, dilute with water to 2000 mL, and mix.
Dilute Extracting Solution—Dissolve 60 g of metaphosphoric acid in 1200 mL of water. Add 160
mL of glacial acetic acid, dilute with water to 2000 mL, and mix.
Surfactant Solution—Prepare a 30% solution of polyoxyethylene (23) lauryl ether by melting 150
g in a container on a steam bath and slowly adding approximately 250 mL of water with
continuous stirring. Cool and dilute with water to make 500 mL.
Wash Solution—Add 1 mL of Surfactant Solution to 3000 mL of Dilute Extracting Solution, and
mix.
Carbon Extraction Solution—Dissolve 60 g of metaphosphoric acid in 1200 mL of water. Add 160
mL of glacial acetic acid, and mix. Add 33 g of activated charcoal powder, mix, and dilute with
water to 2000 mL. Continually mix the solution at a rate that maintains homogeneity.
Sodium Acetate Solution—Dissolve 500 g of sodium acetate trihydrate in water to make 1000
mL, mix, and filter.
Phenylenediamine Solution—Dissolve 200 mg of o-phenylenediamine dihydrochloride in water to

PF 38(5): Sep.-Oct. 2012

33

make 1000 mL, and mix. Prepare fresh daily.
USP Reference Standards

11 —USP Ascorbic Acid RS.

Diagram for Automated Aspirin Determinative Step of the Dissolution Test for Aspirin, Alumina,
and Magnesium Oxide Tablets
Standard Stock Solution—Dissolve an accurately weighed quantity of USP Ascorbic Acid RS in
Dilute Extracting Solution to obtain a solution having a known concentration of about 0.1 mg
per mL.
Standard Preparations—Transfer 10.0, 20.0, 30.0, 40.0, and 50.0 mL of Standard Stock
Solution to separate 100-mL volumetric flasks, dilute the contents of each flask with Carbon
Extracting Solution to volume, mix, and filter to obtain Standard Preparations A, B, C, D, and E
having known concentrations of 10 µg, 20 µg, 30 µg, 40 µg, and 50 µg of USP Ascorbic Acid RS
per mL, respectively.
Assay Preparation—
For Liquid Preparations—Transfer an accurately measured volume of the liquid preparation,
equivalent to 150 mg of ascorbic acid, to a 100-mL volumetric flask. Add 10 mL of Extracting
Solution and 6 mL of glacial acetic acid. Dilute with water to volume, and mix. Transfer 2.0 mL
of this solution to a 100-mL volumetric flask, dilute with Carbon Extracting Solution to volume,
mix, and filter.
For Tablet Preparations—Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed quantity of the powder, equivalent to about 250 mg of ascorbic acid, to a
250-mL volumetric flask. Add 25 mL of Extracting Solution, 15 mL of glacial acetic acid, and
about 100 mL of water, and swirl to mix. Heat for 15 minutes in a 70 water bath, swirling after
about 7 minutes. Cool, and dilute with water to volume. Transfer 2.0 mL of this solution to a
100-mL volumetric flask, dilute with Carbon Extracting Solution to volume, mix, and filter.
For Capsule Preparations—Empty the contents, if necessary by cutting open with a sharp
blade, of not fewer than 20 Capsules in a suitable container, and mix thoroughly. Transfer a
portion of the capsule contents, equivalent to about 250 mg of ascorbic acid, to a 250-mL
volumetric flask, and proceed as directed for Tablets above, beginning with “Add 25 mL of .”
Procedure—With the sample line pumping the Wash Solution, the other lines pumping their
respective reagents, and the fluorimeter equipped with proper filters, standardize the system
by pumping until a steady baseline has been established. Transfer portions of the Standard
Preparations and the Assay Preparation to sample cups, and place in the sampler. Start the
sampler, and conduct determinations of each Standard Preparation and the Assay Preparation
at the rate of 40 per hour, using a ratio of about 2:1 for sample and wash time. Derive a
standard response line by plotting the respective Standard Preparation concentration (10.0,
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20.0, 30.0, 40.0, and 50.0 µg per mL) versus transmittance. From the measured transmittance
and the standard response line, determine the ascorbic acid concentration, C, in µg per mL, of
the Assay Preparation. Calculate the quantity, in mg, of C6 H8 O6 in the portion of liquids,
tablets, or capsule contents taken by the appropriate formula:
For Liquids: 5C/V in which V is the volume, in mL, of liquid preparation taken to prepare the
Assay Preparation.
For Tablets or Capsules: 12.5C.
ASSAY FOR IODIDE
Apparatus—Automatic analyzer consisting of (1) a liquid sampler, (2) a proportioning pump, (3)
a heating bath, (4) a suitable colorimeter equipped with a 2.0- × 50-mm flow cell and analysis
capability at 420 nm, (5) a means of recording colorimetric readings, and (6) a manifold
consisting of the components illustrated in the accompanying pertinent diagram.

Diagram for Automated Iodide Assay
Reagents—
Acetic Acid Carrier Solution—Transfer 3.0 mL of glacial acetic acid to a 2000-mL volumetric
flask containing about 800 mL of water. Add 2 mL of polyoxyethylene (23) lauryl ether, and
dilute with water to volume.
Surfactant Solution—Prepare a 30% solution of polyoxyethylene (23) lauryl ether by melting 150
g in a container on a steam bath and slowly adding approximately 250 mL of water with
continuous stirring. Cool, and dilute with water to make 500 mL.
Arsenious Acid Solution—Transfer 19.6 g of arsenic trioxide and 14.0 g of sodium hydroxide to a
2000-mL volumetric flask. Add about 150 mL of water, and dissolve with stirring. Dilute with
water to a volume of about 800 mL, and add 66 mL of sulfuric acid. Cool to room temperature.
Transfer 50.0 g of sodium chloride to the solution, and mix to dissolve. Add 2 mL of Surfactant
Solution, dilute with water to volume, mix, and filter.
Ceric Ammonium Sulfate Solution—Transfer 12.65 g of ceric ammonium sulfate to a 1000-mL
volumetric flask. Add about 700 mL of water followed by 100 mL of sulfuric acid, swirling to mix.
Heat to dissolve, and cool to room temperature. Add 1 mL of Surfactant Solution, dilute with
water to volume, mix, and filter.
3% Acetic Acid Solution—Transfer 30 mL of glacial acetic acid to a 1000-mL volumetric flask
containing about 300 mL of water. Dilute with water to volume, and mix.
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Standard Preparations—
Standard Stock Solution—Transfer an accurately weighed quantity of 1.3080 g of potassium
iodide, previously dried for 24 hours at 105 , to a 1000-mL volumetric flask. Dilute with water
to volume, and mix to obtain a solution having an iodide concentration of 1000 µg per mL.
Intermediate Standard Solution—Quantitatively dilute a suitable volume of Standard Stock
Solution with water to obtain a solution having an iodide concentration of 1 µg per mL.
Working Standard Preparations—Transfer 2.0, 4.0, 6.0, 8.0, and 10.0 mL of Intermediate
Standard Solution to separate 100-mL volumetric flasks. Add 5 mL of 3% Acetic Acid Solution.
Dilute the contents of each flask with water to volume, and mix to obtain Standard
Preparations A, B, C, D, and E having known iodide concentrations of about 0.02 µg per mL,
0.04 µg per mL, 0.06 µg per mL, 0.08 µg per mL, and 0.1 µg per mL, respectively.
Assay Preparation—
For Liquid Preparations—Transfer an accurately measured volume of the liquid preparation,
equivalent to 16 µg of iodide, to a 200-mL volumetric flask. Add 10 mL of 3% Acetic Acid
Solution to dissolve, dilute with deionized water to volume, mix, and filter. Transfer 10.0 mL of
this solution to a 100-mL volumetric flask, add 5.0 mL of 3% Acetic Acid Solution, dilute with
deionized water to volume, mix, and filter to obtain a solution having an iodide concentration of
about 0.08 µg per mL.
For Tablet Preparations—Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed quantity of the powder, equivalent to about 250 µg of iodide, to a 250-mL
volumetric flask. Add 100 mL of 1 N hydrochloric acid, and mix with the aid of sonication for 30
minutes. Dilute with water to volume, mix, and filter. Transfer 8.0 mL of the filtered solution to
a 100-mL volumetric flask, add 5 mL of 3% Acetic Acid Solution, dilute with water to volume,
and mix to obtain a solution having an iodide concentration of about 0.08 µg per mL.
For Capsule Preparations—Empty the contents, if necessary by cutting open with a sharp
blade, of not fewer than 20 Capsules into a suitable container, and mix thoroughly. Transfer a
portion of the capsule contents, equivalent to about 250 µg of iodide, to a 250-mL volumetric
flask and proceed as directed for Tablets above, beginning with “Add 100 mL of .”
Procedure—With the sample line pumping the Acetic Acid Carrier Solution, the other lines
pumping their respective reagents, and the colorimeter equipped with 420-nm filters,
standardize the system until a steady baseline has been established. Transfer portions of the
Standard Preparations and the Assay Preparation to the sampler cups, and place in the
sampler. Start the sampler, and conduct determinations of each Standard Preparation and the
Assay Preparation at the rate of 30 per hour, using a ratio of about 1:4 for sample and wash
time. Derive a standard response line by plotting the respective Standard Preparation
concentration (0.02, 0.04, 0.06, 0.08, and 0.10 µg per mL) versus absorbance. [Note—This is
an indirect absorbance relationship: the greater the iodide amount, the less the absorbance.]
From the measured transmittance and the standard response line, determine the iodide
concentration, C, in µg per mL, of the Assay Preparation. Calculate the quantity, in µg, of
iodide in the portion of liquids, tablets, or capsules contents taken by the formula:
For Liquids: 2000C/V in which V is the volume, in mL, of the liquid preparation taken to prepare
the Assay Preparation.
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For Tablets and Capsules: 3125C.
CONTENT UNIFORMITY OF NITROGLYCERIN TABLETS
This is not to be considered as the official method. It is detailed here for further illustration of
descriptions of automated methods.
Apparatus—Automatic analyzer consisting of (1) a liquid sampler, (2) a proportioning pump, (3)
a heating bath, (4) a suitable spectrophotometer equipped with a 5-mm flow cell and analysis
capability at 545 nm, (5) a means of recording spectrophotometric readings, and (6) a manifold
consisting of the components illustrated in the accompanying pertinent diagram.

Diagram for Automated Assay for Nitroglycerin Tablets
Reagents—
1 Percent Strontium Hydroxide Solution—Dissolve 20.0 g of strontium hydroxide [Sr(OH)2 ·8H2 O]
in 1800 mL of carbon dioxide-free water, heating if necessary. Cool to room temperature, dilute
with carbon dioxide-free water to 2000 mL, and mix. Allow to stand overnight, and filter. Store
the clear solution in tightly closed containers, protected from carbon dioxide.
0.3 Percent Procaine Hydrochloride Solution—Dissolve 3.0 g of procaine hydrochloride in water
to make 1000 mL.
0.1 Percent N-(1-Naphthyl)ethylenediamine Dihydrochloride Solution—Dissolve 1.0 g of N-(1naphthyl)ethylenediamine dihydrochloride in water to make 1000 mL. Prepare fresh each week.
Standard Preparation—Dissolve an accurately weighed portion of 10% nitroglycerinbetalactose absorbate, previously standardized, in water, and dilute quantitatively and
stepwise with water to obtain a solution having a known concentration of about 30 µg per mL.
Test Preparation—Dissolve 1 Nitroglycerin Tablet in water to obtain a solution having a
concentration of about 30 µg of nitroglycerin per mL.
Procedure—With the sample line pumping water, the other lines pumping their respective
reagents, and the spectrophotometer set at 545 nm, standardize the system by pumping until a
steady absorbance baseline has been established. Transfer portions of the Standard
Preparation and the Test Preparation to sampler cups, and place in the sampler. Start the
sampler, and conduct determinations of the Standard Preparation and the Test Preparation at
a rate of 30 per hour, using a ratio of 1:1 for sample and wash time. First, run two standards,
discarding the first value, then continue the run using one standard after each five samples,

PF 38(5): Sep.-Oct. 2012

37

recording the absorbance values. Calculate the quantity, in mg, of C3 H5 N3 O9 in the Tablet
taken by the formula:
(T/D)C(AU/AS)
in which T is the labeled quantity, in mg, of nitroglycerin in the Tablet; D is the concentration,
in µg per mL, of nitroglycerin in the solution from the Tablet, based on the labeled quantity per
Tablet and the extent of dilution; C is the concentration, in µg per mL, of nitroglycerin in the
Standard Preparation; AU is the absorbance of the Test Preparation; and AS is the average of
the absorbances of the two Standard Preparations that bracket the Test Preparation.

Diagram of Dissolution Test Method for Erythromycin Ethylsuccinate Tablets Labeled as
Chewable

Diagram for Automated Drug Release and Content Uniformity Test for Propranolol Hydrochloride
and Hydrochlorothiazide Extended-Release Capsules

Diagram for Automated Dissolution and Content Uniformity Test for Reserpine Tablets
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Diagram for Automated Content Uniformity Test for Reserpine, Hydralazine Hydrochloride, and
Hydrochlorothiazide Tablets
2S (USP36)

BRIEFING
41 Weights and Balances, USP 35 page 52. The General Chapters—Physical Analysis
Expert Committee proposes replacing the existing chapter Weights and Balances 41 with a
new chapter titled Balances. In this new chapter, requirements for balances used for materials
that must be accurately weighed are redefined in terms of repeatability and accuracy. The
repeatability requirement is similar to the one in the current chapter 41 , but in order to
reflect current metrology practices, the limit has been changed from 0.1% to 0.10%; and the
coverage factor has been changed from 3 to 2. Thus, from a practical perspective, the
effective specification remains essentially unchanged. The use of 0.4d as the minimum
repeatability value is taken from Guidelines on the Calibration of Non-Automatic Weighing
Instruments, EURAMET/cg-18, v.03.0 (2011) and SIM Guidelines on the Calibration of NonAutomatic Weighing Instruments (2008), equation (7.1.1-12). Additional information is
presented in general information chapter Weighing on an Analytical Balance
elsewhere in this issue of PF.

1251 , appearing

(GCPA: H. Pappa.)
Correspondence Number—C115364

Comment deadline: November 30, 2012
Change to read:
41

WEIGHTS AND BALANCES
BALANCES 2S (USP36)

Change to read:
The intent of this section is to bring the requirements for weights into conformity with American
National Standard ANSI/ASTM E617, “Laboratory Weights and Precision Mass Standards.” This
standard is incorporated by reference and should be consulted for full descriptions and
information on the tolerances and construction of weights.1
Pharmacopeial tests and assays require balances that vary in capacity, sensitivity, and
reproducibility. Unless otherwise specified, when substances are to be “accurately weighed” for
Assay, the weighing is to be performed with a weighing device whose measurement uncertainty
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(random plus systematic error) does not exceed 0.1% of the reading. Measurement uncertainty
is satisfactory if three times the standard deviation of not less than ten replicate weighings
divided by the amount weighed, does not exceed 0.001. Unless otherwise specified, for
titrimetric limits tests, the weighing shall be performed to provide the number of significant
figures in the weight of the analyte that corresponds to the number of significant figures in the
concentration of the titrant.
The class designations below are in order of increasing tolerances.
Class 1.1 weights are used for calibration of low-capacity, high-sensitivity balances. They are
available in various denominations from 1 to 500 mg. The tolerance for any denomination in this
class is 5 µg. They are recommended for calibration of balances using optical or electrical
methods for accurately weighing quantities below 20 mg.
Class 1 weights are designated as high-precision standards for calibration. They may be used
for weighing accurately quantities below 20 mg. (For weights of 10 g or less, the requirements
of class 1 are met by USP XXI class M.)
Class 2 weights are used as working standards for calibration, built-in weights for analytical
balances, and laboratory weights for routine analytical work. (The requirements of class 2 are
met by USP XXI class S.)2
Class 3 and class 4 weights are used with moderate-precision laboratory balances. (Class 3
requirements are met by USP XXI class S-1; class 4 requirements are met by USP XXI class P.)2
A weight class is chosen so that the tolerance of the weights used does not exceed 0.1% of
the amount weighed. Generally, class 2 may be used for quantities greater than 20 mg, class 3
for quantities of greater than 50 mg, and class 4 for quantities of greater than 100 mg. Weights
should be calibrated periodically, preferably against an absolute standard weight.
This chapter states the requirements for balances used for materials that must be accurately
weighed (see General Notices, 8.20). Unless otherwise specified, when substances must be
“accurately weighed”, the weighing should be performed using a calibrated balance that meets
the requirements defined for repeatability and accuracy (also referred to as trueness). For
balances used for other applications, the balance repeatability and accuracy should be
commensurate with the requirements for its use.
For discussion of the theoretical basis of these requirements, see general information chapter
Weighing on an Analytical Balance
resource.

1251 , which may be a helpful—but not mandatory—

REPEATABILITY
Repeatability is assessed by weighing one test weight NLT 10 times. [Note—The test weight
must be within the balance¢s capacity, but the weight need not be calibrated. Because
repeatability is virtually independent of sample mass within the balance¢s capacity, use of a
small test weight, which may be difficult to handle, is not required.]
Repeatability is satisfactory if two times the standard deviation of the weighed value, divided
by the nominal value of the weight used, does not exceed 0.10%. If the repeatability obtained
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is less than 0.41d, where d is the display increment, replace it with 0.41d.
ACCURACY
The accuracy of a balance is satisfactory if its weighing value, when tested with a suitable
weight, is within 0.10% of the test weight value.
A test weight is suitable if it has a nominal mass between 5% and 100% of the balance's
capacity, and its maximum permissible error (mpe) is NMT one-third of the applied test limit of
the accuracy test. [Note—Applicable standards are the following: ASTM E617 (available from
http://www.astm.org) and OIML R 111 (available from http://www.oiml.org). Alternatively, if
the certified value of the test weight is considered, a test weight is suitable if its calibration
uncertainty is NMT one-third of the applied test limit of the accuracy test.] 2S (USP36)
1 C opies of ASTM Standard E 617-81 (Reapproved 1985) may be obtained from the American Society for
Testing and Materials, 1916 Race Street, Philadelphia, PA 19103.
2 Note that the designations S and P no longer designate weight classes but rather weight grades, that is,
design limitations such as range of density of materials, surface area, surface finish, corrosion resistance, and
hardness.

BRIEFING
401 Fats and Fixed Oils—Omega-3 Fatty Acids Determination and Profile, USP 35
page 163. On the basis of comments received, the following changes are proposed for Omega-3
Fatty Acids Determination and Profile.
1.

2.
3.
4.
5.
6.

Replace Standard solution 1, which contains both USP EPA Ethyl Ester RS and USP
DHA Ethyl Ester RS, with Standard solution 1a, which contains only USP EPA Ethyl Ester
RS, and Standard solution 1b, which contains only USP DHA Ethyl Ester RS.
Replace Standard solution 2 with Standard solution 2a and Standard solution 2b,
which are prepared from Standard solution 1a and Standard solution 1b, respectively.
Change the requirement of System suitability solution 2 regarding when the solution
should be used.
Add column temperature programming for splitless injection mode.
Add a table that lists the theoretical area percentage requirements for the methyl
ester of palmitic, stearic, arachidic, and behenic acids (System suitability 1).
Where applicable, apply the redesigned style format.

(DS: H. Dinh.)
Correspondence Number—C116673

Comment deadline: November 30, 2012
401

FATS AND FIXED OILS

The following definitions and general procedures apply to fats, fixed oils, waxes, resins,
balsams, and similar substances.
PREPARATION OF SPECIMEN
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If a specimen of oil shows turbidity owing to separated stearin, warm the container in a water
bath at 50 until the oil is clear, or if the oil does not become clear on warming, pass it through
dry filter paper in a funnel contained in a hot-water jacket. Mix thoroughly, and weigh at one
time as many portions as are needed for the various determinations, preferably using a bottle
that has a pipet dropper or a weighing buret. If the specimen is solid at room temperature,
keep it melted until the desired portions of specimen are withdrawn.
SPECIFIC GRAVITY
Determine the specific gravity of a fat or oil as directed in Specific Gravity

841 .

MELTING TEMPERATURE
Determine the melting temperature as directed for Class II substances (see Melting Range or
Temperature

741 ).
ACID VALUE (FREE FATTY ACIDS)

The acidity of fats and fixed oils in this pharmacopeia may be expressed as the number of mL of
0.1 N alkali required to neutralize the free acids in 10.0 g of substance. Acidity frequently is
expressed as the Acid Value, which is the number of mg of potassium hydroxide required to
neutralize the free acids in 1.0 g of the substance. Unless directed otherwise in the individual
monograph, use Method I.
Method I
Procedure—Unless directed otherwise, dissolve about 10.0 g of the substance, accurately
weighed, in 50 mL of a mixture of equal volumes of alcohol and ether (which has been
neutralized to phenolphthalein with 0.1 N potassium hydroxide or 0.1 N sodium hydroxide, unless
otherwise specified) contained in a flask. If the test specimen does not dissolve in the cold
solvent, connect the flask with a suitable condenser and warm slowly, with frequent shaking,
until the specimen dissolves. Add 1 mL of phenolphthalein TS, and titrate with 0.1 N potassium
hydroxide VS or 0.1 N sodium hydroxide VS until the solution remains faintly pink after shaking
for 30 s. Calculate either the Acid Value or the volume of 0.1 N alkali required to neutralize 10.0
g of specimen (free fatty acids), whichever is appropriate. Calculate the Acid Value:
Result = (Mr × V) × (N/W)
Mr = molecular weight of potassium hydroxide, 56.11
V = volume (mL)
N = normality of the potassium hydroxide solution or the sodium hydroxide solution
W = weight of the sample taken (g)
If the volume of 0.1 N potassium hydroxide VS or 0.1 N sodium hydroxide VS required for the
titration is less than 2 mL, a more dilute titrant may be used, or the sample size may be
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adjusted accordingly. The results may be expressed in terms of the volume of titrant used or in
terms of the equivalent volume of 0.1 N potassium hydroxide or 0.1 N sodium hydroxide.
If the oil has been saturated with carbon dioxide for the purpose of preservation, gently reflux
the alcohol–ether solution for 10 min before titration. The oil may be freed from carbon dioxide
also by exposing it in a shallow dish in a vacuum desiccator for 24 h before weighing the test
specimens.
Method II
Procedure—Prepare 125 mL of a solvent mixture consisting of equal volumes of isopropyl
alcohol and toluene. Before use, add 2 mL of a 1% solution of phenolphthalein in isopropyl
alcohol to the 125-mL mixture, and neutralize with alkali to a faint but permanent pink color.
Accurately weigh the appropriate amount of well-mixed liquid sample indicated in Table 1, and
dissolve it in the neutralized solvent mixture. If the test specimen does not dissolve in the cold
solvent, connect the flask with a suitable condenser and warm slowly, with frequent shaking,
until the specimen dissolves. Shake vigorously while titrating with 0.1 N potassium hydroxide VS
or 0.1 N sodium hydroxide VS to the first permanent pink of the same intensity as that of the
neutralized solvent before mixing with the sample. Calculate the Acid Value as indicated in
Method I.
Table 1
Sample Weight
Acid Value
(g)
0–1
20
1–4
10
4–15
2.5
15–74.9
0.5
75.0
0.1
Change to read:
ESTER VALUE
The Ester Value is the number of mg of potassium hydroxide required to saponify the esters in
1.0 g of the substance. If the Saponification Value and the Acid Value have been determined,
the difference between these two represents the Ester Value, i.e., Ester Value = Saponification
Value – Acid Value.
Procedure—Place 1.5–2 g of the substance, accurately weighed, in a tared, 250-mL flask, add
20–30 mL of neutralized alcohol, and shake. Add 1 mL of phenolphthalein TS, and titrate with
0.5 N alcoholic potassium hydroxide VS until the free acid is neutralized. Add 25.0 mL of 0.5 N
alcoholic potassium hydroxide VS, and proceed as directed in Saponification Value, beginning
with “Heat the flask” and omitting the further addition of phenolphthalein TS. Calculate the
Ester Value:
[56.11(VB
Result = [Mr × (VB

VT)N]/W

USP35

VT) × N]/W

2S (USP36)
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Mr = molecular weight of potassium hydroxide, 56.11
VB = volume of 0.5 N hydrochloric acid consumed in the blank test (mL)
VT = volume of 0.5 N hydrochloric acid consumed in the actual test (mL)
N = exact normality of the hydrochloric acid
W = weight of the substance taken for the test (g)
HYDROXYL VALUE
The Hydroxyl Value is the number of mg of potassium hydroxide equivalent to the hydroxyl
content of 1.0 g of the substance.
Pyridine–Acetic Anhydride Reagent—Just before use, mix 3 volumes of freshly opened or
freshly distilled pyridine with 1 volume of freshly opened or freshly distilled acetic anhydride.
Procedure—Transfer a quantity of the substance, determined by reference to Table 2 and
accurately weighed, to a glass-stoppered, 250-mL conical flask, and add 5.0 mL of Pyridine–
Acetic Anhydride Reagent. Transfer 5.0 mL of Pyridine–Acetic Anhydride Reagent to a second
glass-stoppered, 250-mL conical flask to provide the reagent blank. Fit both flasks with suitable
glass-jointed reflux condensers, heat on a steam bath for 1 h, add 10 mL of water through
each condenser, and heat on the steam bath for 10 min more. Cool, and to each add 25 mL of
butyl alcohol, previously neutralized to phenolphthalein TS with 0.5 N alcoholic potassium
hydroxide, by pouring 15 mL through each condenser and, after removing the condensers,
washing the sides of both flasks with the remaining 10-mL portions. To each flask add 1 mL of
phenolphthalein TS, and titrate with 0.5 N alcoholic potassium hydroxide VS, recording the
volume, in mL, consumed by the residual acid in the test solution as T and that consumed by
the blank as B. In a 125-mL conical flask, mix about 10 g of the substance, accurately
weighed, with 10 mL of freshly distilled pyridine, previously neutralized to phenolphthalein TS,
add 1 mL of phenolphthalein TS, and titrate with 0.5 N alcoholic potassium hydroxide VS,
recording the volume, in mL, consumed by the free acid in the test specimen as A. Calculate
the Hydroxyl Value:
Result = [(Mr × N)/W] × {B + [(W × A)/C]

T}

Mr = molecular weight of potassium hydroxide, 56.11
N = exact normality of the alcoholic potassium hydroxide
W = weight of the substances taken for the acetylation (g)
C = weight of the substances taken for the free acid determination (g)
If the Acid Value for the test substance is known, calculate the Hydroxyl Value:
Result = [(Mr × N)/W] ×(B

T) + Acid Value

Mr = molecular weight of potassium hydroxide, 5.611
N = exact normality of the alcoholic potassium hydroxide
W = weight of the substance taken for the acetylation (g)
Table 2
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Hydroxyl Value
Range
0–20
20–50
50–100
100–150
150–200
200–250
250–300
300–350

Weight of
Test Specimen
(g)
10
5
3
2
1.5
1.25
1.0
0.75

IODINE VALUE
The Iodine Value represents the number of g of iodine absorbed, under the prescribed
conditions, by 100 g of the substance. Unless otherwise specified in the individual monograph,
determine the Iodine Value by Method I.
Method I (Hanus Method)
Procedure—Transfer an accurately weighed quantity of sample, as determined from Table 3,
into a 250-mL iodine flask, dissolve it in 10 mL of chloroform, add 25.0 mL of iodobromide TS,
insert the stopper in the vessel securely, and allow it to stand for 30 min protected from light,
with occasional shaking. Then add, in the order named, 30 mL of potassium iodide TS and 100
mL of water, and titrate the liberated iodine with 0.1 N sodium thiosulfate VS, shaking
thoroughly after each addition of thiosulfate. When the iodine color becomes quite pale, add 3
mL of starch TS, and continue the titration with 0.1 N sodium thiosulfate VS until the blue color
is discharged. Perform a blank test at the same time with the same quantities of the same
reagents and in the same manner (see Residual Titrations
Result = [Ar × (VB

541 ). Calculate the Iodine Value:

VS) × N]/(10 × W)

Ar = atomic weight of iodine, 126.90
VB = volume of 0.1 N sodium thiosulfate VS consumed by the blank test (mL)
VS = volume of 0.1 N sodium thiosulfate VS consumed by the actual test (mL)
N = exact normality of the sodium thiosulfate VS
W = weight of the substance taken for the test (g)
Note—If more than half of the iodobromide TS is absorbed by the portion of the substance
taken, repeat the determination, using a smaller portion of the substance under examination.
Table 3. Sample Weights
Iodine Value
Weight (g)
Expected
±0.1
<5
3.0
5–20
1.0
21–50
0.4
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51–100
101–150
151–200

0.2
0.13
0.1

Method II
Potassium Iodide Solution—Dissolve 10.0 g of potassium iodide in water to make 100 mL.
Store in light-resistant containers.
Starch Indicator Solution—Mix 1 g of soluble starch with sufficient cold water to make a thin
paste. Add, while stirring, to 100 mL of boiling water. Mix, and cool. Use only the clear solution.
Procedure—Melt the sample, if it is not already liquid. [Note—The temperature during melting
should exceed the melting point of the sample by NMT 10 .] Pass through two pieces of filter
paper to remove any solid impurities and the last traces of moisture. The filtration may be
performed in an air oven at 100 but should be completed within 5 min ± 30 s. The sample must
be absolutely dry. All glassware must be absolutely clean and completely dry. After filtration,
allow the filtered sample to achieve a temperature of 68 –71±1 before weighing the sample.
Once the sample has achieved a temperature of 68 –71±1 , immediately weigh the sample into
a 500-mL iodine flask, using the weights and weighing accuracy noted in the accompanying
table. [Note—The weight of the substance must be such that there will be an excess of
iodochloride TS of 50%–60% of the amount added, that is, 100%–150% of the amount
absorbed.] Add 15 mL of a fresh mixture of cyclohexane and glacial acetic acid (1:1), and swirl
to dissolve the sample. Add 25.0 mL of iodochloride TS, insert the stopper securely in the flask,
and swirl to mix. Allow it to stand at 25 ± 5 , protected from light, with occasional shaking, for
1.0 or 2.0 h, depending on the Iodine Value (IV) of the sample: IV < 150, 1.0 h; IV 150, 2.0
h. Then, within 3 min after the indicated reaction time, add, in the order named, 20 mL of
Potassium Iodide Solution and 150 mL of recently boiled and cooled water, and mix. Within 30
min, titrate the liberated iodine with 0.1 N sodium thiosulfate VS, while stirring by mechanical
means after each addition of thiosulfate. When the yellow iodine color has almost disappeared,
add 1–2 mL of Starch Indicator Solution, and continue the titration with 0.1 N sodium
thiosulfate VS until the blue color is discharged. Perform a blank test at the same time with the
same quantities of the same reagents and in the same manner (see Residual Titrations
). Calculate the Iodine Value as indicated in Method I.

541

PEROXIDE VALUE
The Peroxide Value is the number that expresses, in milliequivalents of active oxygen, the
quantity of peroxide contained in 1000 g of the substance. [Note—This test must be performed
promptly after sampling to avoid oxidation of the test specimen.]
Procedure—Unless otherwise directed, place about 5 g of the substance, accurately weighed,
in a 250-mL conical flask fitted with a ground-glass stopper. Add 30 mL of a mixture of glacial
acetic acid and chloroform (3:2), shake to dissolve, and add 0.5 mL of saturated potassium
iodide solution. Shake for exactly 1 min, and add 30 mL of water. Titrate with 0.01 N sodium
thiosulfate VS, adding the titrant slowly with continuous shaking, until the yellow color is
almost discharged. Add 5 mL of starch TS, and continue the titration, shaking vigorously, until
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the blue color is discharged. Perform a blank determination under the same conditions. [Note
—The volume of titrant used in the blank determination must not exceed 0.1 mL.] Calculate the
Peroxide Value:
Result = [1000 (VT

VB) × N]/W

VT = volume of 0.01 N sodium thiosulfate consumed in the actual test (mL)
VB = volume of 0.01 N sodium thiosulfate consumed in the blank test (mL)
N = exact normality of the sodium thiosulfate solution
W = weight of the substance taken for the test (g)
SAPONIFICATION VALUE
The Saponification Value is the number of mg of potassium hydroxide required to neutralize the
free acids and saponify the esters contained in 1.0 g of the substance.
Procedure—Place 1.5–2 g of the substance in a tared, 250-mL flask, weigh accurately, and
add to it 25.0 mL of 0.5 N alcoholic potassium hydroxide. Heat the flask on a steam bath, under
a suitable condenser to maintain reflux for 30 min, frequently rotating the contents. [Note
—Reflux time can be up to 90 min to ensure complete saponification, depending on the type of
ester to be tested.] Then add 1 mL of phenolphthalein TS, and titrate the excess potassium
hydroxide with 0.5 N hydrochloric acid VS. Perform a blank determination under the same
conditions (see Residual Titrations in 541 ). The titration also can be carried out
potentiometrically. Calculate the Saponification Value:
Result = [Mr × (VB – VT) × N]/W
Mr = molecular weight of potassium hydroxide, 56.11
VB = volume of 0.5 N hydrochloric acid consumed in the blank test (mL)
VT = volume of 0.5 N hydrochloric acid consumed in the actual test (mL)
N = exact normality of the hydrochloric acid
W = weight of the substance taken for the test (g)
If the oil has been saturated with carbon dioxide for the purpose of preservation, expose it in a
shallow dish in a vacuum desiccator for 24 h before weighing the test specimens.
UNSAPONIFIABLE MATTER
The term “unsaponifiable matter” in oils or fats refers to those substances that are not
saponifiable by alkali hydroxides but are soluble in the ordinary fat solvents, and to products of
saponification that are soluble in such solvents.
Procedure—Transfer about 5.0 g of the oil or fat, accurately weighed, to a 250-mL conical
flask, add 50 mL of an alcoholic potassium hydroxide solution prepared by dissolving 12 g of
potassium hydroxide in 10 mL of water and diluting this solution with alcohol to 100 mL, and
heat the flask on a steam bath under a suitable condenser to maintain reflux for 1 h, swirling
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frequently. Cool to a temperature below 25 , and transfer the contents of the flask to a
separator with a polytetrafluoroethylene stopcock, rinsing the flask with two 50-mL portions of
water that are added to the separator (do not use grease on stopcock). Extract with three
100-mL portions of ether, combining the ether extracts in another separator containing 40 mL
of water. Gently rotate or shake the separator for a few minutes. [Note—Violent agitation may
result in the formation of a difficult-to-separate emulsion.] Allow the mixture to separate, and
discard the lower aqueous phase. Wash the ether extract with two additional 40-mL portions of
water, and discard the lower aqueous phase. Wash the ether extract successively with a 40mL portion of potassium hydroxide solution (3 in 100) and a 40-mL portion of water. Repeat this
potassium hydroxide solution–water wash sequence three times. Wash the ether extract with
40-mL portions of water until the last washing is not reddened by the addition of 2 drops of
phenolphthalein TS. Transfer the ether extract to a tared flask, and rinse the separator with 10
mL of ether, adding the rinsings to the flask. Evaporate the ether on a steam bath, and add 6
mL of acetone to the residue. Remove the acetone in a current of air, and dry the residue at
105 until successive weighings differ by NMT 1 mg. Calculate the percentage of unsaponifiable
matter in the portion of oil or fat taken:
Result = 100 × (WR/WS)
WR = weight of the residue (g)
WS = weight of the oil or fat taken for the test (g)
Dissolve the residue in 20 mL of alcohol, previously neutralized to the phenolphthalein endpoint,
add phenolphthalein TS, and titrate with 0.1 N alcoholic sodium hydroxide VS to the first
appearance of a faint pink color that persists for NLT 30 s. If the volume of 0.1 N alcoholic
sodium hydroxide required is greater than 0.2 mL, the separation of the layers was incomplete;
the residue weighed cannot be considered “unsaponifiable matter,” and the test must be
repeated.
SOLIDIFICATION TEMPERATURE OF FATTY ACIDS
Preparation of the Fatty Acids—Heat 75 mL of glycerin–potassium hydroxide solution (made
by dissolving 25 g of potassium hydroxide in 100 mL of glycerin) in an 800-mL beaker to 150 ,
and add 50 mL of the clarified fat, melted if necessary. Heat the mixture for 15 min with
frequent stirring, but do not allow the temperature to rise above 150 . Saponification is
complete when the mixture is homogeneous and no particles cling to the beaker at the
meniscus. Pour the contents of the beaker into 500 mL of nearly boiling water in an 800-mL
beaker or casserole, add slowly 50 mL of dilute sulfuric acid [made by adding water and sulfuric
acid (3:1)], and heat the solution, with frequent stirring, until the fatty acids separate cleanly
as a transparent layer. Wash the acids with boiling water until free from sulfuric acid, collect
them in a small beaker, place on a steam bath until the water has settled and the fatty acids
are clear, filter into a dry beaker while hot, and dry at 105 for 20 min. Place the warm fatty
acids in a suitable container, and cool in an ice bath until they congeal.
Test for Complete Saponification—Place 3 mL of the dry acids in a test tube, and add 15 mL
of alcohol. Heat the solution to boiling, and add an equal volume of 6 N ammonium hydroxide. A
clear solution results.
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Procedure—Using an apparatus similar to the Congealing Temperature Apparatus specified
therein, proceed as directed for Procedure in Congealing Temperature 651 , reading
“solidification temperature” for “congealing point” (the terms are synonymous). The average of
NLT four consecutive readings of the highest point to which the temperature rises is the
solidification temperature of the fatty acids.
Change to read:
FATTY ACID COMPOSITION
Standard Solution—Prepare an ester mixture of known composition containing the esters
required in the individual monograph. This Standard Solution may contain other components.
[Note—Ester mixtures are available commercially from Nu-Chek-Prep, Inc., PO Box 295, Elysian,
MN 56028. Typical Nu-Chek-Prep ester mixtures useful in this test include Nu-Chek 17A and NuChek 19A.] Nu-Chek mixture 17A has the following composition:
Table 4
Percentage
1.0
4.0
3.0
3.0
3.0
3.0
45.0
15.0
3.0
20.0

Fatty Acid Ester
Methyl myristate
Methyl palmitate
Methyl stearate
Methyl arachidate
Methyl behenate
Methyl lignocerate
Methyl oleate
Methyl linoleate
Methyl linolenate
Methyl erucate

Carbon-chain Length
14
16
18
20
22
24
18
18
18
22

Number of
Double Bonds
0
0
0
0
0
0
1
2
3
1

Nu-Chek mixture 19A has the following composition:
Table 5
Percentage
7.0
5.0
48.0
15.0
7.0
3.0
12.0
3.0

Fatty Acid Ester
Methyl caprylate
Methyl caprate
Methyl laurate
Methyl myristate
Methyl palmitate
Methyl stearate
Methyl oleate
Methyl linoleate

Carbon-chain Length
8
10
12
14
16
18
18
18

Number of
Double Bonds
0
0
0
0
0
0
1
2

0.5 N Methanolic Sodium Hydroxide Solution—Dissolve 2 g of sodium hydroxide in 100 mL
of methanol. USP35
Test Solution— [Note—If fatty acids containing more than 2 double bonds are present in the
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test specimen, remove air from the flask by purging it with nitrogen for a few minutes.]
Transfer about 100 mg of the test specimen to a 50-mL conical flask fitted with a suitable
water-cooled reflux condenser and a magnetic stir bar. Add 4 mL of
0.5 N Methanolic Sodium Hydroxide Solution, USP35
and reflux until fat globules disappear (usually 5–10 min). Add 5 mL of a solution prepared by
dissolving 14 g of boron trifluoride in methanol to make 100 mL, swirl to mix, and reflux for 2
min. Add 4 mL of chromatographic n-heptane through the condenser, and reflux for 1 min. Cool,
remove the condenser, add about 15 mL of saturated sodium chloride solution, shake, and allow
the layers to separate. Pass the n-heptane layer through 0.1 g of anhydrous sodium sulfate
(previously washed with chromatographic n-heptane) into a suitable flask. Transfer 1.0 mL of
this solution to a 10-mL volumetric flask, dilute with chromatographic n-heptane to volume, and
mix.
System Suitability Solution—Transfer about 20 mg each of stearic acid, palmitic acid, and
oleic acid to a 25-mL conical flask fitted with a suitable water-cooled reflux condenser and a
magnetic stir bar, and proceed as directed for Test Solution beginning with “Add 5.0 mL of a
solution prepared by dissolving”.
Chromatographic System (see Chromatography

621 )—The gas chromatograph is

equipped with a flame-ionization detector, maintained at a temperature of about 260 , a
splitless injection system, and a 0.53-mm × 30-m fused-silica capillary column bonded with a
1.0-µm layer of phase G16. The chromatograph is programmed to maintain the column
temperature at 70 for about 2 min after injection, then to increase the temperature at the
rate of 5 /min to 240 , and finally to maintain this temperature for 5 min. The injection port
temperature is maintained at about 220 . The carrier gas is helium with a linear velocity of
about 50 cm/s.
Chromatograph the System Suitability Solution, and record the peak responses as directed for
Procedure: the relative retention times are about 0.87 for methyl palmitate, 0.99 for methyl
stearate, and 1.0 for methyl oleate; the resolution, R, between methyl stearate and methyl
oleate is NLT 1.5; and the relative standard deviation of the peak area responses for the
palmitate and stearate peaks for replicate injections is NMT 6.0%. The relative standard
deviation of the peak area response ratio of the palmitate to stearate peaks from these
replicate injections is NMT 1.0%.
Procedure—Separately inject equal volumes (about 1 µL) of the Standard Solution and the
Test Solution into the chromatograph, record the chromatograms, identify the fatty acid ester
peaks in the chromatogram of the Test Solution by comparing the retention times of these
peaks with those in the chromatogram of the Standard Solution, and measure the peak areas
for all of the fatty acid ester peaks in the chromatogram from the Test Solution. Calculate the
percentage of each fatty acid component in the test specimen:
Result = 100 × (A/B)
A = area of the peak response obtained for each individual fatty acid ester component
B = sum of the peak areas of all of the peaks, excluding the solvent peak, in the
chromatogram from the Test Solution
Change to read:
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OMEGA-3 FATTY ACIDS DETERMINATION AND PROFILE
The following procedure may be used for the determination of eicosapentaenoic acid (EPA)
(C20:5 n-3), docosahexaenoic acid (DHA) (C22:6 n-3), and total omega-3 acids obtained from
fish, plant, or microbial sources in bulk oils and encapsulated oil,
either as tryglycerides or as ethyl esters. The term “triglyceride” is applicable to algal oils, fish
oils, fish liver oils, and products containing omega-3-acids in triglycerides form. The results are
expressed as free fatty acids or ethyl esters. Perform the tests as rapidly as possible.
2S (USP36)

Protect the solutions from actinic light, oxidizing agents, oxidation catalysts, and air.
Content of EPA and DHA
USP Reference Standards 11
USP Docosahexaenoic Acid Ethyl Ester RS
USP Eicosapentaenoic Acid Ethyl Ester RS
USP Methyl Tricosanoate RS
Antioxidant Solution—Dissolve an accurately weighed quantity of butylated hydroxytoluene in
2,2,4-trimethylpentane to obtain a solution with a concentration of 0.05 mg per mL.
Internal Standard Solution—Transfer an accurately weighed quantity of USP Methyl
Tricosanoate RS to a volumetric flask. Dissolve in Antioxidant Solution, and dilute with the same
solvent to obtain a solution with a concentration of about 7.0 mg/mL. [Note—Guard the
solution against evaporation during use.]
Table 6
Approx. Sum
Amount of Sample
EPA + DHA
to Be Weighed
(g)
30%–50%
0.4–0.5
50%–70%
0.3
70%–80%
>70% 2S (USP36)
0.25
Test Solution 1 (for triglycerides)—In a 10-mL volumetric flask, dissolve the mass of sample to
be examined, according to Table 6, in Antioxidant Solution, and dilute with the same solution to
volume. Transfer 2.0 mL of this solution to a glass tube, and evaporate the solvent with a
gentle stream of nitrogen. Add 1.5 mL of a 2% (w/v) solution of sodium hydroxide in methanol,
cap tightly with a polytetrafluoroethylene-lined cap, mix, and heat in a boiling water bath for 7
min. Cool, add 2 mL of boron trichloride–methanol solution (120 g in 1000 mL of methanol),
cover with nitrogen, cap tightly, mix, and heat in a boiling water bath for 30 min. Cool to 40 –
50 , add 1.0 mL of 2,2,4-trimethylpentane, cap, and mix on a vortex mixer or shake vigorously
for at least 30 s. Immediately add 5 mL of saturated sodium chloride solution containing 1
volume of sodium chloride and 2 volumes of water. [Note—Shake from time to time. Before use,
decant the solution from any undissolved substance, and filter if necessary.] Cover with
nitrogen, cap, and mix on a vortex mixer or shake thoroughly for at least 15 s. Allow the upper
layer to become clear, and transfer to a separate tube. Shake the methanol layer once more
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with 1.0 mL of 2,2,4-trimethylpentane, and combine the 2,2,4-trimethylpentane extracts. Wash
the combined extracts with two quantities, 1 mL each, of water, and dry over anhydrous
sodium sulfate.
Test Solution 2 (for triglycerides)—Transfer the equivalent amount of sample used to prepare
Test Solution 1 to a 10-mL volumetric flask, and dissolve in and dilute with Internal Standard
Solution to volume. Gentle heating (up to 60 ) may be applied to obtain a clear solution. Then
proceed as directed in Test Solution 1 starting with “Transfer 2.0 mL”.
Test Solution 3 (for ethyl esters)—In a 10-mL volumetric flask, dissolve the mass of sample to
be examined, according to Table 6, in the Internal Standard Solution, and dilute with the same
solution to volume. Gentle heating (up to 60 ) may be applied to obtain a clear solution.
Test Solution 4 (for ethyl esters)—Transfer the equivalent amount of sample used to prepare
Test Solution 3 to a 10-mL volumetric flask, and dissolve in and dilute with Antioxidant Solution
to volume.
Standard Solution 1
Standard Solution 1a— 2S (USP36)
Transfer 0.10 g each
60 mg 2S (USP36)
of USP Docosahexaenoic Acid Ethyl Esters RS and USP Eicosapentaenoic Acid Ethyl Esters RS
2S (USP36)

, accurately weighed, to a 10-mL volumetric flask, and dissolve in and dilute with Internal
Standard Solution to volume. Gentle heating (up to 60 ) may be applied to obtain a clear
solution.
Standard Solution 1b—Transfer 90 mg of USP Eicosapentaenoic Acid Ethyl Esters RS,
accurately weighed, to a 10-mL volumetric flask, and dissolve in and dilute with Internal
Standard Solution to volume. Gentle heating (up to 60 ) may be applied to obtain a clear
solution.
Standard Solution 1a and Standard Solution 1b are ready for ethyl esters analysis. For
triglycerides analysis, continue with Standard Solution 2a and Standard Solution 2b. 2S (USP36)
Standard Solution 2
Standard Solution 2a— 2S (USP36)
Transfer 2.0 mL of Standard Solution 1
a 2S (USP36)
to a glass tube, and evaporate the solvent with a gentle stream of nitrogen. Then proceed as
directed for Test Solution 1 starting with, “Add 1.5 mL”.
Standard Solution 2b—Transfer 2.0 mL of Standard Solution 1b to a glass tube, and
evaporate the solvent with a gentle stream of nitrogen. Then proceed as directed for Test
Solution 1 starting with, “Add 1.5 mL”. 2S (USP36)
System Suitability Solution 1—Transfer 0.300 g of methyl palmitate, 0.300 g of methyl
stearate, 0.300 g of methyl arachidate, and 0.300 g of methyl behenate, accurately weighed,
to a 10-mL volumetric flask, and dissolve in and dilute with Antioxidant Solution to volume.
System Suitability Solution 2—
[Note—This solution must be prepared only for triglycerides and only if tetracos-15-enoic acid
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methyl ester is not clearly observed in the chromatogram obtained with Test solution 2.]
2S (USP36)

Transfer 55.0 mg of docosahexaenoic acid methyl ester and about 5.0 mg of tetracos-15-enoic
acid (nervonic acid) methyl ester, accurately weighed, to a 10-mL volumetric flask, and
dissolve in and dilute with Antioxidant Solution to volume.
Chromatographic System (see Chromatography 621 )—The gas chromatograph is
equipped with a flame-ionization detector and a 0.25-mm × 25-m fused silica capillary column
coated with a 0.2-µm film of G16. The temperature of the detector is maintained at 270 and
that of the injection port at 250 . The column temperature is initially set at 170 for 2 minutes,
then increased at a rate of 3 per minute to 240 , and is maintained at this temperature for 2.5
minutes. The carrier gas is helium with a split flow ratio of 1:200 and a flow rate of about 1 mL
per minute. [Note—If splitless injection mode is used, solutions should be further diluted 1 in
200.] Chromatograph System Suitability Solution 1 and System Suitability Solution 2, and record
the peak responses as directed for Procedure: using System Suitability Solution 1, the area
percent increases in the following order; methyl palmitate, methyl stearate, methyl arachidate,
methyl behenate; the difference between the percent area of methyl palmitate and that of
methyl behenate is less than 2.0 area percent units; using System Suitability Solution 2, the
resolution, R, between docosahexaenoic acid methyl ester and tetracos-15-enoic acid methyl
ester is not less than 1.2. [Note—In addition to the above system suitability requirements, the
following is required for the analysis of triglycerides but not for ethyl esters.] For triglycerides,
chromatograph Standard Solution 1 and Standard Solution 2, and record the peak responses as
directed for Procedure: the derivatization efficiency for the conversion of fatty acid ethyl ester
to the fatty acid methyl ester is not less than 90.0% for each (DHA and EPA).
Procedure—Separately inject duplicate equal volumes (about 1 µL) of Standard Solution 1,
Standard Solution 2, Test Solution 1 (for triglycerides), Test Solution 2 (for triglycerides), Test
Solution 3 (for ethyl esters), and Test Solution 4 (for ethyl esters) into the chromatograph,
record the chromatograms, and measure the peak responses. Identify the retention time for the
internal standard peak by comparing the chromatograms for Test Solution 1 and Test Solution 2
(for triglycerides) and by comparing the chromatograms for Test Solution 3 and Test Solution 4
(for ethyl esters). Calculate the percentage of EPA or DHA in the triglyceride taken by the
formula:
100F(C/W)(RU/RS)
in which F is the factor to express the content of DHA (F = 0.921) and of EPA (F = 0.915) as
free fatty acids; C is the concentration, in mg per mL, of either DHA or EPA in Standard
Solution 2; W is the weight, in mg, of the sample taken to prepare Test Solution 1; RS is the
ratio of peak responses of either EPA or DHA relative to the internal standard in the
chromatogram of Standard Solution 2; and RU is the corrected peak response of either EPA or
DHA relative to the internal standard in the chromatogram of Test Solution 1 calculated as
follows:
1/(rU2/rT2

rU1/rT1)

in which rU2 is the peak response of any peak at the locus of the internal standard in the
chromatogram of Test Solution 2; rU1 is the peak response of any peak at the locus of the
internal standard in the chromatogram of Test Solution 1; rT1 is the peak response of EPA or
DHA in the chromatogram of Test Solution 1; and rT2 is the peak response of EPA or DHA in the
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chromatogram of Test Solution 2. Calculate the percentage of EPA or DHA in the ethyl ester
taken by the formula:
100F(C/W)(RU/RS)
in which F is the factor to express the content of DHA (F = 0.921) and of EPA (F = 0.915) as
free fatty acids; C is the concentration, in mg per mL, of either DHA or EPA in Standard
Solution 1; W is the weight, in mg, of the sample taken to prepare Test Solution 3; RS is the
ratio of peak responses of either EPA or DHA relative to the internal standard in the
chromatogram of Standard Solution 1; and RU is the corrected peak response of either EPA or
DHA relative to the internal standard in the chromatogram of Test Solution 3, calculated as
follows:
1/(rU2/rT2

rU1/rT1)

in which rU2 is the peak response of any peak at the locus of the internal standard in the
chromatogram of Test Solution 3; rU1 is the peak response of any peak at the locus of the
internal standard in the chromatogram of Test Solution 4; rT1 is the peak response of EPA or
DHA in the chromatogram of Test Solution 4; and rT2 is the peak response of EPA or DHA in the
chromatogram of Test Solution 3.
Content of Total Omega-3 Acids
Calculate the content of the total omega-3 acids by the formula:
EPA + DHA + ((An

3

× (EPA + DHA)) / (AEPA + ADHA))

in which EPA is the content of EPA, in mg per g, obtained from the test for Content for EPA and
DHA; DHA is the content of DHA, in mg per g, obtained from test for Content of EPA and DHA;
An 3 is the sum of the areas of the peaks corresponding to C18:3 n-3, C18:4 n-3, C20:4 n-3,
C21:5 n-3, and C22:5 n-3 methyl esters in the chromatogram obtained with Test Solution 1 for
triglycerides or the corresponding ethyl esters in the chromatogram obtained with Test Solution
4; AEPA is the area of the peak corresponding to the EPA methyl ester in the chromatogram
obtained with Test Solution 1 for triglycerides or the peak corresponding to the EPA ethyl ester
in the chromatogram obtained with Test Solution 4 for ethyl esters; and ADHA is the area of the
peak corresponding to the DHA methyl ester in the chromatogram obtained with Test Solution 1
for triglycerides or the peak corresponding to the DHA ethyl ester in the chromatogram
obtained with Test Solution 4.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 0.25-mm × 25-m fused–silica capillary column bonded with a 0.20-µm film of phase
G16
Temperatures
Injection port
Split injection: 250
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Splitless injection: 90 –250
Detector: 270
Column: See Table 7a or Table 7b.
Table 7a (Split Injection)
Initial
Temperature
( )
170

Hold Time
at 170
(min)
2

Temperature
Ramp
( /min)
3

Final
Temperature
( )
240

Hold Time
at Final
Temperature
(min)
2.5

Table 7b (Splitless Injection)
Hold
Time
at
90
(min)
2

Initial
Temperature
( )
90

Temperature
Ramp
Number 1
( /min)
30

To
Temperature
( )
170

Temperature
Ramp
Number 2
( /min)
3

To Final
Temperature
( )
240

Carrier gas: Helium
Flow rate: 1 mL/min
Split flow ratio: 200:1. [Note—If necessary, adjust the split ratio and/or sample dilution to
obtain a tailing factor of 0.8–1.5 for the methyl or ethyl esters of eicosapentaenoic acid and
docosahexaenoic acid, at the same time observing that for the Test solution 1 or Test solution
4 any peaks due to the corresponding esters of C18:3 n-3, C18:4 n-3, C20:4 n-3, C21:5 n-3,
and C22:5 n-3 are clearly detectable. If splitless injection mode is used, solutions should be
further diluted 1 in 200 with Antioxidant Solution.]
Injection size: 1 µL
System suitability (for triglycerides)
Samples: System Suitability Solution 1 and Test Solution 2 or System Suitability Solution 2 (if
applicable)
System suitability (for ethyl esters)
Sample: System Suitability Solution 1
System suitability requirements
Theoretical area percentages (System Suitability Solution 1): The area percentages, after
adjusting for the actual weights, of the peaks of methyl palmitate, methyl stearate, methyl
arachidate, and methyl behenate, each should be within ±1.0% (absolute) of theoretical values
provided in Table 8.
Table 8
Fatty Acid
Methyl
Ester

Theoretical Area (%) in a Solution of Equal Weights of Methyl
Palmitate, Methyl Stearate, Methyl Arachidate, and Methyl Behenate
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Methyl
palmitate
Methyl
stearate
Methyl
arachidate
Methyl
behenate

24.37
24.84
25.23
25.56

Resolution
For triglycerides (Test Solution 2 or System Suitability Solution 2): NLT 1.2 between the
docosahexaenoic acid methyl ester and tetracos-15-enoic acid methyl ester peaks
Analysis (for triglycerides)
Samples: Standard Solution 2a, Standard Solution 2b, Test Solution 1, and Test Solution 2
Inject each sample in duplicate and measure the peak responses. Compare the chromatographic
profile of Test Solution 2 with that of Test Solution 1 and identify the internal standard peak
present in Test Solution 2. Calculate the percentage of EPA or DHA in the triglycerides sample
taken:
Result = (RU/RS) × (WS/WU) × F × 100
RU = ratio of peak response of either EPA or DHA to the corrected peak response of the
internal standard in the chromatogram of Test Solution 2, calculated:
Result = 1/[(rU2/rT2)

(rU1/rT1)]

[Note—If rU1 = 0 due to no peak observed at the locus of the internal standard in the
chromatogram of Test solution 1, then RU = rT2/rU2.]
rU2 = peak response of the internal standard in the chromatogram of Test Solution 2
rT2 = peak response of EPA or DHA in the chromatogram of Test Solution 2
rU1 = peak response of any peak at the locus of the internal standard in the chromatogram of
Test Solution 1
rT1 = peak response of EPA or DHA in the chromatogram of Test Solution 1
RS = ratio of peak response of either DHA or EPA to the peak response of the internal
standard in the chromatogram of Standard Solution 2a or Standard Solution 2b
WS = weight of DHA taken for preparing Standard Solution 1a or weight of EPA taken for
preparing Standard Solution 1b (mg)
WU = weight of sample taken for preparing Test Solution 2 (mg)
F = factor to express content of DHA as free fatty acids, 0.921; and factor to express
content of EPA as free fatty acids, 0.915
Analysis (for ethyl esters)
Samples: Standard Solution 1a, Standard Solution 1b, Test Solution 3, and Test Solution 4
Inject each sample in duplicate and measure the peak responses. Compare the chromatographic
profile of Test Solution 3 with that of Test Solution 4 and identify the internal standard peak
present in Test Solution 3. Calculate the percentage of EPA or DHA in the ethyl esters sample
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taken:
Result = (RU/RS) × (WS/WU) × 100
RU = Ratio of peak response of either EPA or DHA to the corrected peak response of the
internal standard in the chromatogram of Test Solution 3, calculated as follows:
Result = 1/[(rU3/rT3)

(rU4/rT4)]

[Note—If rU4 = 0 due to no peak observed at the locus of the internal standard in the
chromatogram of Test solution 4, then RU = rT3/rU3.]
rU3 = peak response of the internal standard in the chromatogram of Test Solution 3
rT3 = peak response of EPA or DHA in the chromatogram of Test Solution 3
rU4 = peak response of any peak at the locus of the internal standard in the chromatogram of
Test Solution 4
rT4 = peak response of EPA or DHA in the chromatogram of Test Solution 4
RS = ratio of peak response of either DHA or EPA to the peak response of the internal
standard in the chromatogram of Standard Solution 1a or Standard Solution 1b
WS = weight of DHA taken for preparing Standard Solution 1a or weight of EPA taken for
preparing Standard Solution 1b (mg)
WU = weight of sample taken for preparing Test Solution 3 (mg)
Content of Total Omega-3 Acids (for triglycerides)
Calculate the percentage of the total omega-3 acids in the portion of triglycerides sample
taken:
Result = EPA + DHA + [(An

3

× (EPA + DHA)/(AEPA + ADHA)]

EPA = content of EPA, from the test for Content for EPA and DHA (%)
DHA = content of DHA, from the test for Content for EPA and DHA (%)
An 3 = sum of the areas of the peaks corresponding to C18:3 n-3, C18:4 n-3, C20:4 n-3,
C21:5 n-3, and C22:5 n-3 methyl esters in the chromatogram obtained with Test Solution 1
AEPA = area of the peak corresponding to the EPA methyl ester in the chromatogram obtained
with Test Solution 1
ADHA = area of the peak corresponding to the DHA methyl ester in the chromatogram obtained
with Test Solution 1
Content of Total Omega-3 Acids (for ethyl esters)
Calculate the percentage of the total omega-3 acids in the portion of ethyl esters sample
taken:
Result = EPA + DHA + [(An

3

× (EPA + DHA)/(AEPA + ADHA)]

EPA = content of EPA, from the test for Content for EPA and DHA (%)
DHA = content of DHA, from the test for Content for EPA and DHA (%)
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An 3 = sum of the areas of the peaks corresponding to C18:3 n-3, C18:4 n-3, C20:4 n-3,
C21:5 n-3, and C22:5 n-3 ethyl esters in the chromatogram obtained with Test Solution 4
AEPA = area of the peak corresponding to the EPA ethyl ester in the chromatogram obtained
with Test Solution 4
ADHA = area of the peak corresponding to the DHA ethyl ester in the chromatogram obtained
with Test Solution 4
2S (USP36)

WATER AND SEDIMENT IN FIXED OILS
Apparatus—The preferred centrifuge has a diameter of swing (d = distance from tip to tip of
whirling tubes) of 38–43 cm and is operated at a speed of about 1500 rpm. If a centrifuge of
different dimensions is used, calculate the desired rate of revolution:

The centrifuge tubes are pear-shaped and are shaped to accept closures. The total capacity
of each tube is about 125 mL. The graduations are clear and distinct, reading upward from the
bottom of the tube according to the scale shown in Table 9.
Table 9
Volume
Scale Division
(mL)
(mL)
0–3
0.1
3–5
0.5
5–10
1.0
10–25
5.0
25–50
25.0
50–100
50.0
Procedure—Place 50.0 mL of benzene in each of two centrifuge tubes, and to each tube add
50.0 mL of the oil, warmed if necessary to re-incorporate separated stearin, and mixed
thoroughly at 25 . Insert the stopper tightly into the tubes, shake them vigorously until the
contents are mixed thoroughly, and then immerse the tubes in a water bath at 50 for 10 min.
Centrifuge for 10 min. Read the combined volume of water and sediment at the bottom of each
tube. Centrifuge repeatedly for 10-min periods until the combined volume of water and
sediment remains constant for three consecutive readings. The sum of the volumes of
combined water and sediment in the two tubes represents the percentage, by volume, of water
and sediment in the oil.
ANISIDINE VALUE
The Anisidine Value is defined as 100 times the optical density measured in a 1-cm cell of a
solution containing 1 g of the substance to be examined in 100 mL of a mixture of solvents and
reagents according to the following method described. [Note—Carry out the operations as
rapidly as possible, avoiding exposure to actinic light.]
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Test Solution A—Dissolve 0.500 g of the substance to be examined in isooctane, and dilute
with the same solvent to 25.0 mL.
Test Solution B—To 5.0 mL of Test Solution A add 1.0 mL of a 2.5-g/L solution of p-anisidine in
glacial acetic acid, shake, and store protected from light.
Standard Solution—To 5.0 mL of isooctane add 1.0 mL of a 2.5-g/L solution of p-anisidine in
glacial acetic acid, shake, and store protected from light.
Procedure—Measure the absorbance of Test Solution A at 350 nm using isooctane as the
blank. Measure the absorbance of Test Solution B at 350 nm exactly 10 min after its
preparation, using the Standard Solution as the compensation liquid. Calculate the Anisidine
Value from the expression:
Result = [25 × (1.2AS

AB)]/m

AS = absorbance of Test Solution B at 350 nm
AB = absorbance of Test Solution A at 350 nm
m = weight of the substance to be examined in Test Solution A (g)
TOTAL OXIDATION VALUE (TOTOX)
Total Oxidation Value is defined:
Result = 2PV + AV
PV = Peroxide Value
AV = Anisidine Value
Change to read:
TRACE METALS
Apparatus
The apparatus typically consists of the following:
Digestion Flasks—Use a polytetrafluoroethylene flask with a volume of about 120 mL, fitted
with an airtight closure, a valve to adjust the pressure inside the container, and a
polytetrafluoroethylene tube to allow the release of gas.
System—Make the flask airtight, using the same torsional force for each of them.
Microwave Oven—It has a magnetron frequency of 2450 MHz with a selectable output from 0
to 630 ± 70 W in 1% increments, a programmable digital computer, a polytetrafluoroethylenecoated microwave cavity with a variable speed exhaust fan, a rotating turntable drive system,
and exhaust tubing to vent fumes.
Atomic Absorption Spectrometer—It is equipped with a hollow-cathode lamp as the source
of radiation and a deuterium lamp as a background corrector. The system is fitted with the
following:
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1. A graphite furnace as the atomization device for cadmium, copper, iron, lead, nickel,
and zinc.
2. An automated continuous-flow hydride vapor generation system for arsenic and
mercury.
General Procedure
[Caution—When using closed high-pressure digestion vessels and microwave laboratory
equipment, the safety precautions and operating instructions given by the manufacturer must
be followed.]
[Note—If an alternative apparatus is used, adjustment of the instrument parameters may be
necessary.]
Cleaning—Clean all the glassware and laboratory equipment with a 10-mg/mL solution of nitric
acid before use.
Trace Metal–Free Nitric Acid—Nitric acid meets the requirements with the maximum values for
arsenic (As), cadmium (Cd), copper (Cu), iron (Fe), mercury (Hg), lead (Pb), nickel (Ni), and
zinc (Zn) equal to 0.005, 0.005, 0.001, 0.02, 0.002, 0.001, 0.005, and 0.01 ppm, respectively.
Trace Metal–Free Hydrochloric Acid—Hydrochloric acid meets the requirements with the
maximum values for As, Cd, Cu, Fe, Hg, Pb, Ni, and Zn equal to 0.005, 0.003, 0.003, 0.05,
0.005, 0.001, 0.004, and 0.005 ppm, respectively.
Trace Metal–Free Sulfuric Acid—Sulfuric acid meets the requirements with the maximum
values for As, Cd, Cu, Fe, Hg, Pb, Ni, and Zn equal to 0.005, 0.002, 0.001, 0.05, 0.005, 0.001,
0.002, and 0.005 ppm, respectively.
Test Stock Solution—In a digestion flask place about 0.5 g of fatty oil, accurately weighed, as
indicated in each individual monograph. Add 6 mL of Trace Metal–Free Nitric Acid and 4 mL of
Trace Metal–Free Hydrochloric Acid. Close the flask.
Blank Stock Solution—Mix 6 mL of Trace Metal–Free Nitric Acid and 4 mL of Trace Metal–Free
Hydrochloric Acid in a digestion flask.
Test Solution 1—Place the digestion flask containing the Test Stock Solution in the microwave
oven. Carry out the digestion in three steps according to the following program: 80% power for
15 min, 100% power for 5 min, and 80% power for 20 min.
At the end of the cycle allow the flask to cool. Add 4 mL of Trace Metal–Free Sulfuric Acid to
the flask. Repeat the digestion program. After completing the digestion, allow the flask to cool
to room temperature. Open the digestion flask, and transfer the clear, colorless solution
obtained into a 50-mL volumetric flask. Rinse the digestion flask with 2 quantities, 15 mL each,
of water, and collect the rinsings in the volumetric flask. Add 1.0 mL of a 10-mg/mL solution of
magnesium nitrate and 1.0 mL of a 100-mg/mL solution of ammonium dihydrogen phosphate to
the volumetric flask. Dilute with water to volume, and mix. This solution is Test Solution 1.
Blank Solution 1—Place the digestion flask containing Blank Stock Solution in the microwave
oven. Proceed as directed in Test Solution 1 beginning with “Carry out the digestion in three
steps according to the following program”.
Direct Calibration—[Note—Concentrations of the standard solutions will depend on the metal
contents of the test substance.] For routine measurements, 3 standard solutions, Blank
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Solution 1, and Test Solution 1 are prepared and examined.
Use Test Solution 1 and Blank Solution 1 as prepared previously or as indicated in the
monograph. Prepare NLT 3 standard solutions containing all the metal elements to be tested.
The expected absorbance value in Test Solution 1 for each metal element should be within its
corresponding calibrated absorbance range, preferably in the middle of the calibrated
absorbance range. Any reagents used in the preparation of Test Solution 1 are added at the
same concentration to the standard solutions.
Introduce each of the solutions into the instrument using the same number of replicates for
each of the solutions to obtain a steady reading.
Prepare a calibration curve from the mean of the readings obtained with the standard solutions
by plotting the means as a function of concentration. Determine the concentration of the
element in Test Solution 1 from the curve obtained.
Standard Additions—Add to at least four identical volumetric flasks equal volumes of Test
Solution 1 as prepared previously or as indicated in the monograph. Add to all but one of the
flasks progressively larger volumes of a standard solution containing a known concentration of
the test element to produce a series of solutions containing steadily increasing concentrations
of that element known to give responses in the linear part of the curve. Dilute the contents of
each flask with the solvent specified in the monograph to volume, and mix. The flask without an
addition of standard solution is labeled as the test solution.
Introduce each of the solutions into the instrument, using the same number of replicates for
each of the solutions, to obtain a steady reading.
Plot the absorbances of the standard solutions and the test solution versus the added quantity
of test element. [Note—The test solution should be plotted as if it had a content of added test
element equivalent to 0 mg or µg.] Extrapolate the line joining the points on the graph until it
meets the concentration axis. The distance between this point and the intersection of the axes
represents the concentration of test element in the test solution.
Specific Tests
CADMIUM (CD), COPPER (CU), IRON (FE), LEAD (PB), NICKEL (NI), AND ZINC (ZN)
Standard Stock Solution—Prepare a solution containing known concentrations of 5 µg/mL for
each test element.
Standard Solutions—In three identical 10-mL volumetric flasks introduce 10, 20, and 40 µL of
Standard Stock Solution, respectively.
USP35

To each flask add 5.0 mL of Test Solution 1, dilute with water to volume, and mix.
Test Solution 2—In a 10-mL volumetric flask
USP35

add 5.0 mL of Test Solution 1, dilute with water to volume, and mix.
Blank Solution 2—In a 10-mL volumetric flask
USP35

add 5.0 mL of Blank Solution 1, dilute with water to volume, and mix.
Procedure—Measure the content of Cd, Cu, Fe, Pb, Ni, and Zn using a suitable graphite
furnace atomic absorption spectrophotometer. Concomitantly determine the absorbances of
Blank Solution 2, the Standard Solutions, and Test Solution 2 at least three times each. The
absorbance value of Blank Solution 2 is subtracted from the value obtained using the Standard
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Solutions and Test Solution 2. Proceed as directed in the Standard Additions method in General
Procedure. See Table 10 for instrumental parameters that may be used.

Wavelength (nm)
Slit (nm)
Lamp current (mA)
Ignition temperature ( )

Table 10
Cd
Cu
228.8
324.8
0.5
0.5
6
7
800
800

Fe
248.3
0.2
5
800

Pb
283.5
0.5
5
800

Ni
232
0.2
10
800

Zn
213.9
0.5
7
800

Atomization temperature ( )

1800

2300

2300

2200

2500

2000

On
3

Off
3

Off
3

Off
3

Off
3

Off
3

Background corrector
Nitrogen flow (L/min)

ARSENIC AND MERCURY
Measure the content of arsenic and mercury against their standard solutions at a known
concentration using the Direct Calibration method in General Procedure, with an automated
continuous-flow hydride vapor generation system.
For the 1 ppm arsenic specification limit and 1 ppm mercury specification limit, prepare three
working calibration solutions with known concentrations of 5, 10, and 20 ng/mL for each test
element, respectively.
The absorbance value of the blank solution is automatically subtracted from the value obtained
using the test solution.
Arsenic—
Blank Solution 3—Add 1.0 mL of a 200-mg/mL solution of potassium iodide to 19.0 mL of Blank
Solution 1 prepared previously. Allow this solution to stand at room temperature for about 50
min or at 70 for about 4 min.
Test Solution 3—Add 1.0 mL of a 200-mg/mL solution of potassium iodide to 19.0 mL of Test
Solution 1 prepared previously. Allow this solution to stand at room temperature for about 50
min or at 70 for about 4 min.
Acid Reagent 1: Trace Metal–Free Hydrochloric Acid
Reducing Reagent 1: A 6-mg/mL solution of sodium tetrahydroborate in a 5-mg/mL solution of
sodium hydroxide
The instrumental parameters in Table 11 may be used.
Mercury—
Blank Solution 4—Proceed as directed in Blank Solution 3.
Test Solution 4—Proceed as directed in Test Solution 3.
Acid Reagent 2: A 515-mg/mL solution of Trace Metal–Free Hydrochloric Acid
Reducing Reagent 2: A 10-mg/mL solution of stannous chloride in a 200-mg/mL solution of
Trace Metal–Free Hydrochloric Acid
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The instrumental parameters in Table 11 may be used.
Table 11
As
Hg
Wavelength (nm)
193.7
253.7
Slit width (nm)
0.2
0.5
Lamp current (mA)
10
4
Acid reagent flow rate (mL/min)
1.0
1.0
Reducing reagent flow rate (mL/min)
1.0
1.0
Flow rate for the blank, standard, test solutions (mL/min) 7.0
7.0
Quartz
Quartz
Absorption cell
(heated) (unheated)
Background corrector
Off
Off
Nitrogen flow rate (L/min)
0.1
0.1
Change to read:
STEROL COMPOSITION
Separation of the Sterol Fraction
Reference Solution A—Dissolve an accurately weighed quantity of cholesterol in chloroform to
obtain a solution of 5% (w/v).
Developing Solvent System—A mixture of toluene and acetone (95:5) or a mixture of hexane
and ether (65:35)
Test Solution A—Accurately weigh 5 g of the test substance into a 250-mL flask. Add 50 mL
of
alcoholic potassium hydroxide TS 2 (2 N alcoholic potassium hydroxide), USP35
and heat to gentle boiling with continuous vigorous stirring until saponification takes place (the
solution becomes clear). Continue heating for a further 20 min, and add 50 mL of water from
the top of the condenser. Cool the flask to approximately 30 . Transfer the contents of the
flask to a 500-mL separating funnel with several rinses of water, amounting in all to about 50
mL. Add approximately 80 mL of ether, shake vigorously for approximately 30 s, and allow to
settle. [Note—Any emulsion can be destroyed by adding small quantities of ethyl or methyl
alcohol by means of a spray.] Separate the lower aqueous phase, and collect it into a second
separating funnel. Perform two further extractions on the water–alcohol phase in the same
way, using 60–70 mL of ether on each occasion. Pool the ether extracts into a single
separating funnel, and wash with water, 50 mL at a time, until the wash water is no longer
alkaline to phenolphthalein. Dry the ether phase with anhydrous sodium sulfate, and filter on
anhydrous sodium sulfate into a previously weighed 250-mL flask, washing the funnel and filter
with small quantities of ether. Distill the ether down to a few mL, and bring to dryness under a
slight vacuum or in a stream of nitrogen. Complete the drying at 100 for approximately 15 min,
and then weigh after cooling in a desiccator. Dissolve the unsaponifiables so obtained in
chloroform to obtain a solution with a concentration of approximately 5%.
Test Solution B—Treat 5 g of canola oil in the same way as prescribed for the test substance
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in Test Solution A, beginning with “Add 50 mL of
alcoholic potassium hydroxide TS 2 (2 N alcoholic potassium hydroxide)”.

USP35

Test Solution C—Treat 5 g of sunflower oil in the same way as prescribed for the test
substance in Test Solution A, beginning with “Add 50 mL of
alcoholic potassium hydroxide TS 2 (2 N alcoholic potassium hydroxide)”. USP35
Procedure—Immerse the thin-layer chromatographic plate (see 621 ), 20-cm × 20-cm silica
gel on polyester with a layer thickness of 200 µm and particle size of 5–17 µm,
1

USP35

completely in the 0.2 N alcoholic potassium hydroxide for 10 s, allow to dry in a fume cupboard
for 2 h, and finally place at 100 for 1 h. [Note—Remove from the validated heating device, and
keep the plate in a desiccator until required for use. The plates must be used within 15 days.
Thin-layer chromatographic plates that do not require the preconditioning also are commercially
available.] Use a separate plate for each test solution.
Place a mixture of toluene and acetone (95:5) or a mixture of hexane and ether (65:35) in the
chamber to a depth of approximately 1 cm. Close the chamber with the appropriate cover, and
leave for at least 30 min. Strips of filter paper dipping into the eluent may be placed on the
internal surfaces of the chamber. [Note—The developing mixture should be replaced for every
test to ensure reproducible elution conditions.] Apply 0.3 mL of Test Solution A approximately 2
cm from the lower edge in a streak that is as thin and as uniform as possible. In line with the
streak, place 2–3 µL of Reference Solution A at one end of the plate. Develop the
chromatograms in an equilibrated chamber with the Developing Solvent System until the solvent
front reaches approximately 1 cm from the upper edge of the plate. Remove the plate from the
developing chamber, and evaporate the solvent under a current of hot air [Note—avoid
excessive heat] or by leaving the plate for a short while under a hood. Spray the plate with a
0.2% alcoholic solution of 2,7-dichlorofluorescein, and examine in UV light at 254 nm. [Note
—The plates pretreated with UV indicator also are commercially available and are used
equivalently.] In each of the plates, mark the limits of the sterol band identified by being
aligned with the stain obtained from Reference Solution A along the edges of the fluorescence,
and additionally include the area of the zones 2–3 mm above and below the visible zones
corresponding to Reference Solution A. Remove the silica gel in the marked area into a filter
funnel with a G3 porous septum.
2

USP35

Add 10 mL of hot chloroform, mix carefully with the metal spatula, filter under vacuum, and
collect the filtrate in the conical flask attached to the filter funnel. Wash the residue in the
funnel three times with ether, about 10 mL each time, and collect the filtrate in the same flask
attached to the funnel. Evaporate the filtrate to a volume of 4–5 mL, transfer the residual
solution to a previously weighed 10-mL test tube with a tapering bottom and a sealing stopper,
and evaporate to dryness by mild heating in a gentle stream of nitrogen. Dissolve the residue in
a few drops of acetone, and evaporate again to dryness. Place at 105 for approximately 10
min, allow to cool in a desiccator, and weigh.
Treat Test Solution B and Test Solution C the same way as directed for Test Solution A.
Determination of the Sterols
Test Solution D—To the test tube containing the sterol fraction separated from the test
substance by thin-layer chromatography add a freshly prepared mixture of anhydrous pyridine,
hexamethyldisilazane, and chlorotrimethylsilane (9:3:1) [Note—This reagent also is commercially
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available and is used equivalently.] in the ratio of 50 µL for every mg of sterols, avoiding any
uptake of moisture. Insert the stopper into the test tube, and shake carefully until the sterols
are completely dissolved. Allow it to stand for at least 15 min at ambient temperature, and
centrifuge for a few minutes if necessary. Use the supernatant. [Note—The slight opalescence
that may form is normal and does not cause an anomaly. However, the formation of a white
floc or the appearance of a pink color is indicative of the presence of moisture or deterioration
of the reagent. If these occur, the test must be repeated.]
Reference Solution E—To 9 parts of the sterols separated from canola oil by thin-layer
chromatography, add 1 part of cholesterol. Treat the mixture in the same way as directed in
Test Solution D.
Reference Solution F—Treat the sterols separated from sunflower oil by thin-layer
chromatography in the same way as directed in Test Solution D.
Chromatographic System (see 621 )—The gas chromatograph is equipped with a flameionization detector and a glass or fused-silica capillary column 20–30 m in length, internal
diameter 0.25–0.32 mm, entirely coated with a 0.10- to 0.30-µm layer of stationary phase G27
or G36. The injection port temperature is maintained at 280 , the detector temperature is
maintained at 290 , and the column temperature is maintained at 260 ± 5 . The carrier gas is
either helium with a linear velocity of 20–35 cm/s or hydrogen with a linear velocity of 30–50
cm/s. A split ratio of 1:50 to 1:100 is used. Chromatograph Reference Solution E and Reference
Solution F, and record the peak responses as directed in Procedure: the retention time should
be 20 ± 5 min for -sitosterol, and all the sterols present must be separated. The
chromatogram obtained with Reference Solution E shows four principal peaks corresponding to
cholesterol, brassicasterol, campesterol, and

-sitosterol; and the chromatogram obtained with

Reference Solution F shows four principal peaks corresponding to campesterol, stigmasterol,
sitosterol, and D7-stigmastenol. The retention times of the sterols with reference to
sitosterol are given in Table 12.
Table 12. Relative Retention Times of Sterols for Two Different Columns
Identification
G36 Column
G27 Column
Cholesterol
0.67
0.63
Brassicasterol
0.73
0.71
24-Methylene-cholesterol
0.82
0.80
Campesterol
0.83
0.81
Campestanol
0.85
0.82
Stigmasterol
0.88
0.87
D7-Campesterol
0.93
0.92
D5,23-Stigmastadienol
0.95
0.95
Clerosterol
0.96
0.96
-Sitosterol
1.00
1.00
Sitostanol
D5-Avenasterol
D5,24-Stigmastadienol

1.02
1.03
1.08

1.02
1.03
1.08

-

-
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1.12
1.16

D7-Stigmastenol
D7-Avenasterol

1.12
1.16

Procedure—Separately inject equal volumes (about 1 µL) of Test Solution D, Reference
Solution E, and Reference Solution F into the chromatograph, record the chromatograms, and
measure the peak areas for the sterols. Calculate the percentage of each individual sterol in
the sterol fraction of the test substance taken:
Result = 100 × (A/S)
A = area of the peak due to the sterol component to be determined
S = sum of the areas of the peaks due to the components indicated in Table 12
1

A commercial TLC plate may be obtained from Sigma-Aldrich, catalog #z122785.
2

USP35

A commercial product may be obtained from Kimble/Kontes as a filter, buchner with fritted
disc, Kimax 28400-152. USP35
BRIEFING
735 X-ray Fluorescence Spectrometry. This new general test chapter is being
proposed to support the new general chapter Elemental Impurities—Procedures 233 . This
chapter follows the same format as the other new spectroscopy chapters and includes sections
on qualification, procedure, validation, and verification.
(GCCA: K. Zaidi.)
Correspondence Number—C115571

Comment deadline: November 30, 2012
Add the following:
735

X-RAY FLUORESCENCE SPECTROMETRY
INTRODUCTION

X-ray fluorescence (XRF) spectrometry is an instrumental method based on the measurement
of characteristic X-ray photons caused by the excitation of atomic inner-shell electrons by a
primary X-ray source. The XRF method can be used for both qualitative and quantitative
analysis of liquids, powders, and solid materials. The X-rays produced by an X-ray tube include
characteristic lines that correspond to the anode material and a continuum known as
Bremsstrahlung radiation. Both types of X-rays can be used to excite atoms and thus induce Xrays. XRF instrumentation can be divided into one of two categories: Wavelength Dispersive Xray Fluorescence (WDXRF) and Energy Dispersive X-ray Fluorescence (EDXRF). The main factor
distinguishing these technologies is the method used to separate the spectrum emitted by the
atoms in the sample. The energy of the X-ray photon is characteristic for a given electron
transition in an atom and is qualitative in nature. The intensity of the emitted radiation is
indicative of the number of atoms in the sample and constitutes the quantitative nature of the
method.
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QUALIFICATION OF XRF SPECTROMETERS
See also USP general information chapter Analytical Instrument Qualification
additional background and information.

1058

for

Installation Qualification
The installation qualification (IQ) requirements provide evidence that the hardware and
software are installed in a manner that accommodates safe and effective use of the instrument
at the desired location.
Operational Qualification
The purpose of operational qualification (OQ) is to verify that the system operates within
target tolerances using appropriate samples with known spectral properties. OQ is a check of
the key operating parameters and should be performed following installation, repairs, or major
maintenance that can affect the performance of the instruments. Note that all calibration
samples must be handled with cotton or nitrile gloves and must be stored in sealed plastic
containers. Alternatively, they may be fixed in the instrument.
The OQ tests in the following sections are typical examples only (see Tables 1 and 3). Other
tests and standards can be used to establish tolerances for these purposes. The instrument
vendor often makes samples and test parameters available as part of the IQ package.
Table 1. EDXRF OQ Specifications
Test
Procedure
Acceptance Criteria
The spectrum should have at least 3000 counts at
the top of both the Al K and the Cu K peaks. The
energy corresponding to the peaks of Al K and Cu
Peak
Acquire a spectrum of the Al– K should differ less than 0.1% from the tabulated
position Cu energy calibration sample. values.
Calculate the resolution (full
width, half maximum) at the
same energy and at the same
Detector count rate that was used at The resolution value should not change more than
resolution IQ.
10% from the value determined at IQ.
Measure the count rate of Al
Count
and Cu K lines from the
<10% change from initial measurements at IQ, for
rate
energy calibration sample.
each peak
The Al–Cu energy calibration sample is a disc of Al–Cu alloy (EN AW-AlCu6BiPb; Alloy 2011,
ASTM B211) that has been selected for use in EDXRF spectrometers. This alloy is generally
available, is resistant to corrosion, and provides adequate intensities for both Al K and Cu K .
These characteristic lines cover the typical energies used for XRF analysis. Also, sufficient
information can be obtained from spectra recorded on this material to assess detector
resolution. A more complete compositional specification for this calibration sample is given in
Table 2.
Table 2. Specification of the Concentration of the Alloying Elements in Al-Cu Alloy (the
Remaining Balance Is Aluminum)
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Element
Cu
Zn
Fe
Bi
Pb
Si

Concentration Limits
(in % by Weight)
5–6
0.3 maximum
0.7 maximum
0.2–0.6
0.2–0.6
0.4 maximum

When the energy range of the analytical lines for which the spectrometer will be used includes
energies above 50 keV, a pure W metal (99.5% minimum) should be used instead of the Al–Cu
alloy. This metal is stable, is generally available, and provides well-defined characteristic lines
at 8.40 keV (L-lines) and 59.3 keV (K-lines).
Table 3. WDXRF OQ Specifications
Test
Procedure
Acceptance Criteria
The angle corresponding to
the peak maximum <0.10
Peak Perform according to the manufacturer's procedure.
degree 2 of the angle
angle Repeat for each crystal.
measured at IQ.
Full width half maximum at specified wavelengths and
Detector at the same measurement conditions at the time of
resolution IQ. Repeat for each detector available.
NMT 20% change
Measure count rate from the specified monitor
specimen at a specified wavelength at the same
Count measurement conditions at the time of IQ. Repeat for <10% change from initial
rate each detector available.
measurements at IQ
Use Inconel 625 (Special Metals Corporation, New Hartford, NY) as a sample for WDXRF
spectrometers. Other designations for this alloy are UNS N06625, DIN 2.4856, ASTM B443,
ASME SB-443, and AMS 5599. This is a nickel-based alloy that includes chromium, molybdenum,
and niobium as the most important alloying elements. A more complete compositional
specification is given in Table 4.
Table 4. Elemental Concentrations in Inconel 625
Concentration Limits
Element
(in % by Weight)
Ni
58.0 minimum
Cr
20.0–23.0
Fe
5.0 maximum
Mo
8.0–10.0
a
Nb
3.15–4.15
a This could include Ta.
A polished piece of Inconel 625 should never require resurfacing when stored and used
appropriately.
The radiation characteristics of nickel can be detected by all detectors that are used in

PF 38(5): Sep.-Oct. 2012

68

sequential WDXRF, whether they are flow proportional, sealed gas, or scintillation detectors. In
combination with Mo K (and L) radiation, the tests regarding peak position and detector
response of WDXRF spectrometers can be completed readily. Table 5 includes the typical
wavelengths or energies that are used for XRF analysis.
Table 5. Energies and Wavelengthsa for Al, Ni, Cu, Mo, and W
Al
Ni
Cu
Mo
K
K

1

K
L
L

1

1

1
1

W

Line transition
Energy (eV)

K–L2,3
1487

K–L2,3
7473

K–L2,3
8041

K–L3
17479

K–L3
59310

Wavelength ( )
Line transition
Energy (eV)

8.340
N/Ab
N/A

1.659
N/A
N/A

1.542
N/A
N/A

0.709
L3 –M5
2293.2

0.209
L3 –M5
8398.2

L 1 Wavelength ( )
N/A
N/A
N/A
5.4066
1.47632
a From: Deslattes RD, Kessler EG, Indelicato P, et al. X-ray transition energies: new approach
to a comprehensive evaluation. Rev Mod Phys. 2003;75(1):35–99. For Al, Ni, and Cu, the K 1
and K 2 energies from Table V were averaged with 2:1 weighting. Wavelength conversion
uses the hc/E value from page 94. Values for Mo and W are taken from Table VI.
b N/A = not applicable.
Performance Qualification
The purpose of performance qualification (PQ) is to determine that the instrument is capable of
meeting the user's requirements for all critical-to-quality measurements.
Depending on typical use, the specifications for PQ may be different from the manufacturer's
specifications. Method-specific PQ tests, also known as system suitability tests, may be used
in lieu of PQ requirements for validated methods.
Specific procedures, acceptance criteria, and time intervals for characterizing XRF performance
depend on the instrument and its intended application. Demonstrating stable instrument
performance over extended periods of time provides some assurance that reliable
measurements can be obtained from sample spectra using previously validated XRF
experiments.
PROCEDURE
General Recommendations
Analysts should check all reagents and materials for contamination before using them in an
analysis. The analysis of a ubiquitous element often requires the use of the purest grade of
reagent or material available. Sample holders and support windows should be appropriate for
the analysis and the instrument configuration. Analysts should evaluate the cleaning of
equipment used to prepare samples for XRF analysis in order to avoid cross-contamination of
samples.
SAMPLES
Liquids
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Liquid samples can be introduced directly to the XRF spectrometer provided that the solution
consists of a single phase and has sufficiently low volatility. Analysis of liquid samples requires
use of a special liquid sample holder and a commercially available support window composed of
a suitable polymer film. Alternatively, liquid samples can be transferred onto the surface of a
disk and dried before analysis. The experiment typically is conducted using a purge gas. The
liquid sample can be spiked directly with solution standards at appropriate concentrations to
facilitate accuracy, precision, and specificity tests as required for method validation.
Powders
Powders typically are finely ground before XRF analysis and are pressed into pellets. If the
powder has poor self-binding properties, it may require a binder such as a wax or ethyl
cellulose.
Powders also can be prepared for XRF analysis by fusing the sample material into a glass using
a flux, typically sodium tetraborate, lithium tetraborate, and lithium metaborate. Because the
temperatures required to melt the flux and dissolve the sample are relatively high (800 –1300 ),
this procedure is not suitable for the analysis of volatile elements such as mercury and arsenic.
Powder samples can be mixed with appropriate quantities of a certified reference material to
facilitate accuracy, precision, and specificity tests as required for method validation.
Alternatively, powder samples can be spiked with appropriate quantities of solution-based
standards and then dried, ground, and thoroughly mixed before analysis. Standard additions can
be used in instances when physical or chemical properties of the powder may introduce an
analyte response bias.
Standards
Appropriate reference materials that are traceable to the National Institute of Standards and
Technology, or equivalent, can be used in the preparation of XRF standards.
Analysis
For the instrumental parameters (if applicable) follow the procedure in the individual monograph.
Because of differences in manufacturers' equipment configurations, analysts can use the
manufacturer's suggested default conditions. At the time of use, the instrument must be
standardized for quantitation. Analysts should use calibration standards to bracket the
expected range of typical analyte concentrations. When they perform an analysis at or near
the detection limit, analysts cannot always use a bracketing standard, which is an acceptable
strategy for limit tests. Analysts should use regression analysis of the standard plot to evaluate
the linearity of detector response, and individual monographs may set criteria for the residual
error of the regression line.
To demonstrate the stability of the system's initial standardization, at appropriate intervals
throughout their tests on the sample set analysts must re-assay the calibration standard used
in the initial standard curve as a check standard. The use of an independently prepared
standard also is acceptable. Unless otherwise indicated in the individual monograph, the reassayed standard should agree with its expected value to within ±2% for Assay or ±20% for an
impurity analysis.
Sample concentrations are calculated versus the working curve generated by plotting the
instrument response versus the concentration of the analyte in the standard solutions.
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VALIDATION AND VERIFICATION
Current Good Manufacturing Practice regulations [21 CFR 211.194(a)(2)] indicate that users of
analytical methods described in USP–NF are not required to validate the accuracy and reliability
of these methods but rather must verify their suitability under actual conditions of use. In this
context, and according to these regulations, validation is required when an XRF procedure is
used to test a nonofficial article and when this procedure is used as an alternative to the
official procedure for testing an official article (see USP–NF General Notices 6.30). On the other
hand, verification must be performed the first time an official article is tested using a USP
procedure (for informational purposes only, refer to Verification of Compendial Procedures
1226 ).
Validation
The objective of an XRF method validation is to demonstrate that the measurement procedure
is suitable for its intended purpose, including quantitative determination of the main component
in a drug substance or a drug product (Category I assays), quantitative determination of
impurities or limit tests (Category II), and identification tests (Category IV). Depending on the
category of the test (see Table 2 in Validation of Compendial Procedures 1225 ), the
analytical method validation process for XRF requires the testing of linearity, range, accuracy,
specificity, precision, quantitation limit, and robustness.
Performance characteristics that demonstrate the suitability of an XRF method are similar to
those required for any analytical procedure. A discussion of the applicable general principles is
found in 1225 . Specific acceptance criteria for each validation parameter must be
consistent with the intended use of the method. The samples for validation should be
independent of the calibration set.
ACCURACY
For Category I assays or Category II tests, analysts can determine accuracy by conducting
recovery studies using the appropriate matrix spiked with known concentrations of elements.
An appropriate certified standard material provided by USP also can be used. It also is an
acceptable practice to compare assay results obtained using the XRF method under validation
to those from an established analytical method. When analysts use the method of standard
additions, accuracy assessments are based on the final intercept concentration, not the
recovery calculated from the individual standard additions.
Acceptance Criteria: 98.0%–102.0% recovery for drug substances and drug product assay,
70.0%–150.0% recovery for impurity analysis. These acceptance criteria should be met
throughout the validated range.
PRECISION
Repeatability
Analysts should assess the analytical method by measuring the concentrations of six separate
standard solutions at 100% of the assay test concentration. Alternatively, they can measure
the concentrations of three replicates of three separate sample solutions at different
concentrations. The three concentrations should be close enough so that the repeatability is

PF 38(5): Sep.-Oct. 2012

71

constant across the concentration range. If this is done, the repeatability at the three
concentrations is pooled for comparison to the acceptance criteria.
Acceptance Criteria: The relative standard deviation is NMT 1.0% for drug substance assay,
NMT 2.0% for drug product assay, and NMT 20.0% for impurity analysis. These acceptance
criteria should be met throughout the validated range.
Intermediate Precision
Analysts should establish the effect of random events on the method's analytical precision.
Typical variables include performing the analysis on different days, using different
instrumentation, or having two or more analysts perform the method. As a minimum, any
combination of at least two of these factors totaling six experiments will provide an estimation
of intermediate precision.
Acceptance Criteria: The relative standard deviation is NMT 1.0% for drug substance assay,
NMT 3.0% for drug product assay, and NMT 25.0% for impurity analysis.
SPECIFICITY
The procedure must unequivocally assess each analyte element in the presence of components
that may be expected to be present, including any matrix components.
Acceptance Criteria: Demonstrated by meeting the Accuracy requirement.
QUANTITATION LIMIT
The limit of quantitation (LOQ) can be estimated by calculating the standard deviation of NLT 6
replicate measurements of a blank and multiplying by 10. Other suitable approaches may be
used (see 1225 ). A measurement of a test sample prepared from a representative sample
matrix spiked at the estimated LOQ concentration must be performed to confirm accuracy.
Acceptance Criteria: The analytical procedure should be capable of determining the analyte
precisely and accurately at a level equivalent to 50% of the specification.
LINEARITY
Analysts should demonstrate a linear relationship between the analyte concentration and XRF
response by preparing no fewer than five standard solutions at concentrations that encompass
the anticipated concentration of the test solution. The standard curve then should be
evaluated using appropriate statistical methods such as a least squares regression. The
correlation coefficient (R), y-intercept, and slope of the regression line must be determined.
For experiments that do not have a linear relationship between analyte concentration and XRF
response, appropriate statistical methods must be applied to describe the analytical response.
Acceptance Criteria: R is NLT 0.995 for Category I assays and NLT 0.99 for Category II
quantitative tests.
RANGE
The range is the interval between the upper and lower concentration (amounts) of analyte in
the sample (including the upper and lower concentrations) for which it has been demonstrated
that the analytical procedure has a suitable level of precision, accuracy, and linearity. Range is
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demonstrated by meeting the linearity and accuracy requirement.
Acceptance Criteria: For 100.0% centered acceptance criteria: 80.0%–120.0%. For noncentered acceptance criteria: 10% below the lower limit of the specification to 10% above the
upper limit of the specification. For content uniformity: 70.0–130.0%. For Category II the range
requirements are 50.0%–120.0% of the acceptance criteria.
ROBUSTNESS
The reliability of an analytical measurement should be demonstrated by deliberate changes to
experimental parameters. For XRF this can include measuring the stability of the analyte under
specified storage conditions.
Acceptance Criteria: The measurement of a standard or sample response following a change
in experimental parameters should differ from the same standard measured using established
parameters by NMT ±2.0% for a drug product assay and NMT ±20.0% for an impurity analysis.
Verification
The objective of an XRF method verification is to demonstrate that the procedure as prescribed
in a specific monograph is being executed with suitable accuracy, sensitivity, and precision.
According to 1226 , if the verification of the compendial procedure according to the
monograph is not successful, the procedure may not be suitable for use with the article under
test. It may be necessary to develop and validate an alternative procedure as allowed in USP–
NF General Notices 6.30.
Although complete revalidation of a compendial XRF method is not required, verification of
compendial XRF methods should at minimum include the execution of the validation parameters
for specificity, accuracy, precision, and limit of quantitation, when appropriate, as indicated
under Validation (above). 2S (USP36)
BRIEFING
1059 Excipient Performance. USP 35 page 598. It is proposed to revise the chapter as
follows based on the Expert Panel's recommendations:
Introduction: Revise to provide a framework for applying Quality by Design (QBD)
principles to excipient quality and performance.
Add the following dosage forms:
Ophthalmic Preparations, Dry Powder Inhalers, Transdermals and Patches,
and Radiopharmaceuticals.
Add the following NF categories:
Film-forming Agent, Flavor and Fragrance, Release-modifying Agent, Carrier,
DPI Capsule Shells, Antimicrobial Preservatives, Polymers for Ophthalmic Use,
Adhesive, Reducing Agent, Transfer Ligand, Colloidal Stabilizing Agent, and Free
Radical Scavenger.
Revise the NF category title from Binder to Wet Binder under Tablets and Capsules.
Delete the table in the Coloring Agent section under Tablets and Capsules. FDA
updates the list of acceptable coloring agents under the CFR.
Revise the Coating Agent category under Tablets and Capsules to differentiate the
functional mechanism of the different coatings and to differentiate a coating agent from
a film-forming agent.
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Revise the category title Diluent under Parenterals to Bulking Agent.
Revise the Tonicity Agent category under Tablets and Capsules to differentiate the
functional mechanism of the different coatings and to differentiate a coating agent from
a film-forming agent.
Additionally, it is proposed to revise the reference table USP and NF Excipients, Listed by
Category, in conjunction with the Excipient Performance 1059 general chapter to reflect
the proposed changes to the chapter and to provide a list of excipients grouped on the basis of
their functional categories. In addition to updating the current list of excipients under existing
functional categories and adding excipients under new functional categories, it is proposed to
rearrange the reference table to highlight the dosage forms in which these excipients are
commonly used. The reference table is an extension of this chapter and is a useful tool for the
reader to navigate through the list of functional categories and dosage forms in search of a
suitable excipient. The revision of the reference table has been conducted in parallel with the
revision of the chapter and will appear in PF for public comment. See Briefing under USP and NF
Excipients, Listed by Category and Description and Solubility published elsewhere in this PF.
Interested parties are encouraged to comment. Comment deadline: November 30, 2012
(GC-PA: R. Lafaver.)
Correspondence Number— C115357_120220

Comment deadline: November 30, 2012
1059

EXCIPIENT PERFORMANCE

Change to read:
INTRODUCTION
Excipients are used in virtually all drug products and are essential to product performance.
Thus, the successful manufacture of a robust product requires the use of well-defined
excipients and processes that together yield a consistent product. Typically, excipients are
manufactured and supplied to comply with compendial standards. The development,
manufacture, and performance of pharmaceutical dosage forms often depend upon the physical
and chemical properties of excipients that may not be provided in National Formulary (NF)
monographs.
An excipient may have different functional purposes and may possess various required
characteristics (e.g., particle size, particle size distribution, or surface area), depending on its
use in a formulation or manufacturing process. A listing of excipients grouped by functional
category is included in the NF and summarizes the most typically identified purposes these
excipients serve in drug products. The list of excipients included in each category is not
comprehensive and is not intended to limit in any way the choice or use of the excipient. For
the complete list, refer to the USP and NF Excipients, Listed by Category in the National
Formulary, under Contents.
Excipient functional category (sometimes referred to as functionality) is a broad, qualitative,
and descriptive term for the purpose or role an excipient serves in a formulation. Of greater
importance, however, are the quantitative performance requirements (e.g., critical material
attributes) of excipients that must be evaluated and controlled to ensure consistent
performance throughout the product life cycle. Not all critical material attributes of an excipient
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may be identified or evaluated by tests, procedures, and acceptance criteria in NF monographs.
Excipient suppliers and users therefore at times may wish to identify and control critical
excipient attributes that go beyond monograph specifications. This requires a thorough
understanding of the formulation, the manufacturing processes, and the physical and chemical
properties of each ingredient. Manufacturers should anticipate lot-to-lot and supplier-tosupplier variability in excipient properties and should have in place appropriate controls if
needed to ensure consistent excipient performance.
This general chapter provides an overview of the key functional categories of excipients, tests
that may assess excipient performance, and test procedures that may not be presented in
compendial monographs. The functional categories have been organized by their most typical
use in common pharmaceutical dosage forms (Tablets and Capsules; Oral Liquids; Semisolids,
Topicals and Suppositories; Parenterals; and Aerosols) to provide a greater level of specificity
for each functional category. Several functional categories (e.g., antioxidant) can apply to
multiple dosage form types. The association of a functional category with a particular dosage
form in this chapter is not absolute and does not limit use of an excipient to a single type of
dosage form. Because of the complex nature and interplay of formulation ingredients,
processing, and dosage form performance requirements, the information provided in this chapter
should not be viewed as either restrictive or completely comprehensive. Each functional
category includes a general description; the mechanisms by which the excipients achieve their
activity; physical properties common to these excipients; chemical properties; and a list of
pharmacopeial general chapters that may be useful in the development of specific tests,
procedures, and acceptance criteria, and that help to ensure that the critical material
attributes are adequately monitored and controlled.
TABLETS AND CAPSULES
Functional Category: Diluent
Description:Diluents are components that are incorporated into tablet or capsule dosage forms
to increase dosage form volume or weight. Sometimes referred to as fillers, diluents often
comprise a significant proportion of the dosage form, and the quantity and type of diluent
selected often depend on its physical and chemical properties. Because the diluent may
comprise a large portion of the dosage form, successful and robust manufacturing and dosage
form performance depend on the measurement and control of the critical material attributes.
Functional Mechanism:Among the most important functional roles diluents play is their ability
to impart desirable manufacturing properties (e.g., powder flow, tablet compaction strength,
wet or dry granule formation, homogeneity) and performance (e.g., content uniformity,
disintegration, dissolution, tablet integrity, friability, physical and chemical stability). Some
diluents (e.g., microcrystalline cellulose) are occasionally referred to as dry binders because of
the high degree of tablet strength they impart to the final compressed tablet.
Physical Properties:The primary physical properties relevant to tablet/capsule diluents are
those that can have a direct effect on diluent and formulation performance. These include: (1)
particle size and size distribution, (2) particle shape, (3) bulk/tapped/true density, (4) specific
surface area, (5) crystallinity, (6) moisture content, (7) powder flow, (8) solubility, and (9)
compaction properties for tablet dosage forms.
Chemical Properties:Tablet diluents comprise a large and diverse group of materials that
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include inorganics (e.g., dibasic calcium phosphate, calcium carbonate), single-component
organic materials (e.g., lactose monohydrate, mannitol), and multicomponent or complex
organics (e.g., microcrystalline cellulose, starch). They may be soluble or insoluble in water,
and they may be neutral, acidic, or alkaline in nature. These chemical properties may have a
positive or negative affect on the drug substance physical or chemical stability and on
performance. Appropriate selection of excipients with desirable physical and chemical properties
can enhance the physical and chemical stability as well as the performance of the drug
substance and dosage form. The detailed composition of an excipient may be important
because excipient function could be influenced by the presence of minor concomitant
components that are essential for proper performance. Pharmaceutical scientists may need to
control the presence of undesirable components (e.g., heavy metals or peroxides) to ensure
adequate dosage form stability and performance.
General Chapters:The following general chapters may be useful in ensuring consistency in
diluent functions: Bulk Density and Tapped Density of Powders
, Crystallinity
Drying

695 , Crystallinity Determination by Solution Calorimetry

731 , Water Determination

921 , Optical Microscopy

Distribution Estimation by Analytical Sieving
Size

616 , Density of Solids

429 , Powder Fineness

699

696 , Loss on

776 , Particle Size

786 , Light Diffraction Measurement of Particle

811 , Specific Surface Area

846 , and Powder Flow

1174

.
Functional Category: Binder
Description:Tablet/capsule binders are incorporated into formulations to facilitate the
agglomeration of powder into granules during mixing with a granulating fluid such as water,
hydroalcoholic mixtures, or other solvents. The binder may be either dissolved or dispersed in
the granulation liquid or blended in a dry state; other components and the granulation liquid
may be added separately during agitation. Following evaporation of the granulation liquid,
binders typically produce dry granules that achieve the desired properties such as granule size,
size distribution, shape, content, mass, and active content. Wet granulation facilitates the
further processing of the granules by improving one or more of the granule properties such as
flow, handling, strength, resistance to segregation, dustiness, appearance, solubility,
compaction, or drug release.
Functional Mechanism:Binders are soluble or partially soluble in the granulating solvent or, as
in the case of native starches, can be made soluble. Concentrated binder solutions also have
adhesive properties. Upon addition of liquid, binders typically facilitate the production of moist
granules (agglomerates) by altering interparticle adhesion. They may also modify interfacial
properties, viscosity, and/or other properties. During drying they may produce solid bridges that
yield significant residual dry granule strength.
Physical Properties:Dispersion or dissolution of a binder in the granulation liquid depends on its
physical properties: surface tension, particle size, size distribution, solubility, and viscosity are
among the important properties depending on the application. Homogeneous incorporation of
binder into a dry blend also depends on its physical properties such as particle size, shape, and
size distribution. Viscosity often is an important property to consider for binders and, for
polymers, is influenced by the nature of the polymer structure, molecular weight, and molecular
weight distribution. Polymeric binders may form gels.
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Chemical Properties:Tablet/capsule binders may be categorized as (1) natural polymers, (2)
synthetic polymers, or (3) sugars. The chemical nature of polymers, including polymeric
structure, monomer properties and sequence, functional groups, degree of substitution, and
cross-linking influence the complex interactions that can occur during granulation. Natural
polymers in particular may exhibit greater variation in their properties because of variations in
their sources and therefore their composition.
General Chapters:The following general chapters may be useful in ensuring consistency in
binder functions: Bulk Density and Tapped Density of Powders
Density of Solids
Analytical Sieving

699 , Loss on Drying

695 ,

731 , Particle Size Distribution Estimation by

786 , Specific Surface Area

, and Chromatography

616 , Crystallinity

846 , Viscosity

911 , Powder Flow

1174

621 .
Functional Category: Disintegrant

Description:Disintegrants are functional components that are added to formulations to
promote rapid disintegration into smaller units and to allow a drug substance to dissolve more
rapidly. Disintegrants are natural, synthetic, or chemically modified natural polymeric
substances. When disintegrants come in contact with water or stomach or intestinal fluid they
function by absorbing liquid and start to swell, dissolve, or form gels. This causes the tablet
structure to rupture and disintegrate, producing increased surfaces for enhanced dissolution of
the drug substance.
Functional Mechanism(s):The ability to interact strongly with water is essential to disintegrant
function. Four major mechanisms describe the function of the various disintegrants: volume
increase by swelling, deformation, capillary action (wicking), and repulsion. In tablet
formulations, the function of disintegrants is best described as a combination of two or more of
these effects. The onset and degree of the locally achieved actions depend on various
parameters of a disintegrant, such as its chemical nature and its particle size distribution and
particle shape, as well as some important tablet parameters such as hardness and porosity.
Physical Properties:The primary physical properties relevant to a disintegrant are those that
describe the product's particle structure as a dry powder or its structure when in contact with
water. These properties include (1) particle size distribution, (2) water absorption rate, (3)
swelling ratio or swelling index, and (4) the characterization of the resulting product whether it
is still particulate or a gel is formed.
Chemical Properties:Polymers used as disintegrants are either nonionic or anionic with
counterions such as sodium, calcium, or potassium. Nonionic polymers are natural or physically
modified polysaccharides such as starches, celluloses, pullulan, or cross-linked
polyvinylpyrrolidone. The anionic polymers mainly are chemically modified cellulose products or
low-crosslinked polyacrylates. These chemical properties should be considered in the case of
ionic polymers. Disintegration performance will be affected by pH changes in the
gastrointestinal tract or by complex formation with ionic active pharmaceutical ingredients
(APIs).
General Chapters:The following general chapters may be useful in ensuring consistency in
disintegrant functions: Light Diffraction Measurement of Particle Size
Distribution Estimation by Analytical Sieving

429 , Particle Size

786 , Optical Microscopy

776 , and Powder
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1174 .
Functional Category: Lubricant

Description:Lubricants typically are used to reduce the frictional forces between particles, and
between particles and metal contact surfaces of manufacturing equipment such as tablet
punches and dies used in the manufacture of solid dosage forms. Liquid lubricants may be
absorbed into the granule matrix before compaction. Liquid lubricants also may be used to
reduce metal–metal friction on manufacturing equipment.
Functional Mechanism:Boundary lubricants function by adhering to solid surfaces (granules
and machine parts) and reducing the particle–particle friction or the particle–metal friction. The
orientation of the adherent lubricant particles is influenced by the properties of the substrate
surface. For optimal performance, the boundary lubricant particles should be composed of small,
plate-like crystals or stacks of plate-like crystals. Fluid film lubricants melt under pressure and
thereby create a thin fluid film around particles and on the surface of punches and dies in
tablet presses, which helps to reduce friction. Fluid film lubricants resolidify after the pressure
is removed. Liquid lubricants are released from the granules under pressure and create a fluid
film. They do not resolidify when the pressure is removed but are reabsorbed or redistributed
through the tablet matrix over the course of time.
Physical Properties:The primary physical properties that may be important for the function of
boundary lubricants include particle size, surface area, hydration state, and polymorphic form.
Purity (e.g., stearate:palmitate ratio) and moisture content also may be important. The primary
physical properties of possible importance for fluid film lubricants are particle size and solid
state/thermal behavior. Purity may also be important.
Chemical Properties:Lubricants can be classified as boundary lubricants, fluid film lubricants,
or liquid lubricants. Boundary lubricants are salts of long-chain fatty acids (e.g., magnesium
stearate) or fatty acid esters (e.g., sodium stearyl fumarate) with a polar head and fatty acid
tail. Fluid film lubricants are solid fats (e.g., hydrogenated vegetable oil, type 1), glycerides
(glyceryl behenate and distearate), or fatty acids (e.g., stearic acid) that melt when subjected
to pressure. Liquid lubricants are liquid materials that are released from granules under
pressure.
General Chapters:The following general chapters may be useful in ensuring consistency in
lubricant functions: Light Diffraction Measurement of Particle Size

429 , Particle Size

Distribution Estimation by Analytical Sieving 786 , Specific Surface Area 846 ,
Characterization of Crystalline and Partially Crystalline Solids by X-Ray Powder Diffraction
(XRPD)

941 , Loss on Drying

731 , Water Determination

Crystallinity Determination by Solution Calorimetry
Thermal Analysis

921 , Crystallinity

696 , Optical Microscopy

695 ,

776 , and

891 .

Other Information:Certain lubricants, particularly those used in effervescent dosage forms, do
not fall into the chemical categories defined above. These materials are used in special
situations, and they are not suitable for universal application. Talc is an inorganic material that
may have some lubricant properties. It is generally used in combination with fluid film lubricants
to reduce sticking to punches and dies.
Functional Category: Glidant and/or Anticaking Agent
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Description:Glidants and anticaking agents are used to promote powder flow and to reduce
the caking or clumping that can occur when powders are stored in bulk. In addition, glidants
and anticaking agents reduce the incidence of bridging during the emptying of powder hoppers
and during powder processing.
Functional Mechanism:Glidants are thought to work by a combination of adsorption onto the
surface of larger particles and reduction of particle–particle adhesive and cohesive forces, thus
allowing particles to move more easily relative to one another. In addition, glidants may be
dispersed between larger particles and thus may reduce friction between larger particles.
Anticaking agents may absorb free moisture that otherwise would allow the development of
particle–particle bridges that are implicated in caking phenomena.
Physical Properties:Primary physical properties of potential importance for glidants and
anticaking agents are particle size, particle size distribution, and surface area. They may be
slightly hygroscopic.
Chemical Properties:Glidants and anticaking agents typically are finely divided inorganic
materials. They are insoluble in water but are not hydrophobic. Some of these materials are
complex hydrates.
General Chapters:The following general chapters may be useful in ensuring consistency in
glidant or anticaking agent functions: Light Diffraction Measurement of Particle Size
Particle Size Distribution Estimation by Analytical Sieving
Loss on Drying

731 , and Water Determination

429 ,

786 , Specific Surface Area

846 ,

921 .

Functional Category: Coloring Agent
Description:Coloring agents are incorporated into dosage forms in order to produce a
distinctive appearance that may serve to differentiate a particular formulation from others that
have a similar physical appearance. These substances are subdivided into dyes (water-soluble
substances), lakes (insoluble forms of a dye that result from its irreversible adsorption onto a
hydrous metal oxide), inorganic pigments (substances such as titanium dioxide or iron oxides),
and natural colorants (colored compounds not considered dyes per se, such as riboflavin).
Coloring agents are subject to federal regulations, and consequently the current regulatory
status of a given substance must be determined before its use.
The Federal Food, Drug, and Cosmetic Act defines three categories of coloring agents:
FD&C colors: those certifiable for use in coloring foods, drugs, and cosmetics
D&C colors: dyes and pigments considered safe in drugs and cosmetics when in contact
with mucous membranes or when ingested
Ext. D&C colors: colorants that, because of their oral toxicity, are not certifiable for use
in ingestible products but are considered safe for use in externally applied products.
Functional Mechanism:Water-soluble dyes usually are dissolved in a granulating fluid for use,
although they may also be adsorbed onto carriers such as starch, lactose, or sugar from
aqueous or alcoholic solutions. These latter products are often dried and used as formulation
ingredients. Because of their insoluble character, lakes are almost always blended with other
dry excipients during formulation. For this reason, direct-compression tablets are often colored
with lakes.
Physical Properties:Particle size and size distribution of dyes and lakes can influence product
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processing times (blending and dissolution), color intensity, and uniformity of appearance.
Chemical Properties:The most important properties of a coloring agent are its depth of color
and resistance to fading over time. Substances can be graded on their efficiency in reflecting
desired colors of visible light, as well as on their molar absorptivities at characteristic
wavelengths. A coloring agent should be physically and chemically nonreactive with other
excipients and the drug substances. The quality of a coloring agent ordinarily is measured by a
determination of its strength, performance, or assay. The impurity profile is established by
measurements of insoluble matter, inorganic salt content, metal content, and organic
impurities.
General Chapters:Two general chapters are useful in ensuring consistency in selected coloring
agent functions: Color—Instrumental Measurement

1061

and Light Diffraction

Measurement of Particle Size 429 . Instrumental methods should be used to determine the
absolute color of a coloring agent.
Other Information:Coloring agents are subject to federal regulations, and consequently the
current regulatory status of a given substance must be determined before it is used. Following
is a list of coloring agents and currently applicable sections of the Code of Federal Regulations
(CFR).
Color
Ferric Oxides
Titanium Dioxide
FD&C Blue #1/Brilliant Blue FCF Aluminum Lake
FD&C Blue #2/Indigo Carmine Aluminum Lake
FD&C Red #40/Allura Red AC Aluminum Lake
FD&C Yellow #5/Tartrazine Aluminum Lake
FD&C Yellow #6/Sunset Yellow FCF Aluminum Lake
D&C Yellow #10 Aluminum Lake
D&C Red #30/Helendon Pink Aluminum Lake
D&C Red #7/Lithol Rubin B Calcium Lake
D&C Red #27/Phloxine Aluminum Lake

CFR
21 CFR 73.1200
21 CFR 73.575 & 21 CFR 73.1575
21 CFR 82.51 & 21 CFR 82.101
21 CFR 82.51 & 21 CFR 82.102
21 CFR 74.340 & 21 CFR 74.1340
21 CFR 82.51 & 21 CFR 82.705
21 CFR 82.51 & 21 CFR 82.706
21 CFR 82.1051 & 21 CFR 82.1710
21 CFR 82.1051 & 21 CFR 82.1330
21 CFR 82.1051 & 21 CFR 82.1307
21 CFR 82.1051 & 21 CFR 82.1327

Functional Category: Capsule Shell
Description:The word capsule is derived from the Latin capsula, which means a small
container. Among other benefits, capsules enable pharmaceutical powders and liquids to be
formulated for dosing accuracy as well as ease of transportation. The capsule material should
be compatible with all other ingredients in the drug product. Hard capsules typically consist of
two parts: both are cylindrical, and one part is slightly longer than the other and is called the
body. The cap fits closely on the body to enclose the capsule. In contrast, the soft capsule is
a one-piece unit that may be seamed along an axis or may be seamless. The capsule material
may be derived from hydrolysis of collagen that originates from porcine, bovine, or fish sources,
or it can be of non-animal origin, e.g., cellulosic or polysaccharide chemical entities. The
capsule shell also contains other additives such as plasticizers, colorants, and preservatives. In
some cases, capsule shells are sterilized to prevent microbial growth. The capsule shell is an
integral part of the formulation, and therefore robust manufacturing and formulation
performance depends on the measurement and control of critical attributes.
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Functional Mechanism:Capsules can enclose solid as well as semisolid and liquid formulations.
Capsules have a variety of benefits including the following: masking unpleasant taste,
facilitating blinding in clinical studies, promoting ease of swallowing, and presenting a unique
appearance. Conventional capsule shells should dissolve rapidly at 37 in biological fluids such
as gastric and intestinal media. However, the solubility properties of the shell can be modified,
e.g., with enteric and controlled-release polymers, to control the release of capsule contents.
Physical Properties:The primary physical properties relevant to the capsule shell are those
that can have a direct effect on product performance: (1) moisture content, (2) gas
permeability, (3) stability on storage, (4) disintegration, (5) compactness, and (6) brittleness.
The moisture content varies with the type of capsule. Hard gelatin capsules typically contain
13%–16% water compared to hypromellose (hydroxypropyl methylcellulose/HPMC) capsules that
typically contain 4%–7% water content. Soft gelatin capsules contain 6%–8% water. Moisture
content has a significant impact on capsule brittleness. Equilibrium water content also may be
crucial to dosage form stability because water migration will take place between the shell and
capsule contents. Gas permeability may be important and generally is greater for HPMC
capsules than gelatin capsules because of the presence of open structures. Gelatin capsules
may undergo cross-linking upon storage at elevated temperature and humidity (e.g. 40 /75%
RH), but under these conditions HPMC capsules do not cross-link. The aldehyde content in the
powder fill should be considered because it can promote cross-linking of gelatin shell material.
Gelatin capsules should disintegrate within 15 minutes when exposed to 0.5% hydrochloric acid
at 36 –38 but not below 30 . HPMC capsules also can disintegrate below 30 .
Chemical Properties:Gelatin is a commercial protein derived from native protein collagen. The
product is obtained by partial hydrolysis of collagen derived from skin, white connective tissue,
and bones of animals. Type A gelatin is derived by acid treatment, and Type B gelatin is derived
from base treatment. The common sources of commercial gelatin are pigskin, cattle hide, cattle
bone, cod skin, and tilapia skin. The gelatin capsule shell also typically contains coloring
agents, plasticizers such as polyhydric alcohols, natural gums and sugars, and preservatives
such as sodium metabisulfite and esters of p-hydroxybenzoic acid. The more commonly used
nongelatin capsules today are made from HPMC. Different capsule types contain different
moisture levels and may thus influence drug product stability. The detailed composition of an
excipient may be important because the shell function can be influenced by small amounts of
impurities in the excipients (e.g., peroxides in oils or aldehydes in lactose and starches) that
can cause capsule cross-linking. The presence in capsule shells of undesirable materials such as
metals, odorants, water-insoluble substances, and sulfur dioxide should be evaluated to ensure
stability and performance.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected capsule shell functions: Microbiological Examination of Nonsterile Products: Microbial
Enumeration Tests

61 , Microbiological Examination of Nonsterile Products: Tests for

Specified Microorganisms

62 , Residue on Ignition

231 , Water Determination
, Dissolution

281 , Arsenic

921 , Color—Instrumental Method

711 , and Gel Strength of Gelatin

211 , Heavy Metals

1061 , Disintegration

1081 .

Functional Category: Coating Agent
Description:Reasons for coating pharmaceutical dosage forms include masking unpleasant

701
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tastes or odors, improving ingestion and appearance, protecting active ingredients from the
environment, and modifying the release of the active ingredient (e.g., controlled-release rates
or gastrointestinal targeting). The materials used as coating agents include natural,
semisynthetic, and synthetic materials. These may be powders or colloidal dispersions (latexes
or pseudolatexes) that usually are applied as solutions or dispersions in aqueous or nonaqueous
systems. Waxes and lipids may be applied as coatings in the molten state without the use of
solvents.
Functional Mechanism:Coating agents are composed of film-forming materials that impart
desirable pharmaceutical properties such as appearance, patient acceptance, and ease of
swallowing. Coating agents also may serve other functional purposes such as providing a barrier
against undesirable chemical reactions or untimely release of a drug from its components. After
intake, the coating may dissolve by processes such as hydration, solubilization, or
disintegration, depending on the nature of the material used. Enteric coatings are insoluble in
acidic (low pH) media but dissolve readily in neutral pH conditions. However, most common
coatings do not have pH-specific solubility. The coating thickness may vary by application and
the nature of the coating agents. In the coating process, the polymer chains spread out on the
core surface and coalesce into a continuous film as the solvent evaporates. Plastic polymers,
waxes, and lipid-based coatings may be applied without solvents by melting and atomization.
Molten fluid droplets, upon impact on the surface of the fluidized drug particles, spread and
resolidify to form film layers. Therefore, coating materials generally have the ability to form a
complete and stable film around the substrate. The coating preparation typically is applied
uniformly and is carefully dried to ensure that a consistent product is produced. Suitable
plasticizers may be required to lower the minimum film-forming temperature of the polymer, and
their potential effect on drug release should be considered.
Physical Properties:Film coating is a complex process, and the characteristics of a film-forming
polymer play an important role: the particle size of colloidal dispersions varies with their origin
(latex, pseudolatex, or redispersed powder) and may have an effect on the film-forming
mechanism. Polymer solutions or dispersions with a low viscosity and high pigment-binding
capacity reduce the coating time and facilitate relatively simple and cost-effective
manufacturing. The concentration–viscosity relationship for the film-forming agent should be
evaluated for process optimization. The surface tension of coating preparations can influence
the spray pattern in the manufacturing process. The applied coating must withstand
mechanical stress during coating or packaging operations. Therefore, the film should possess
high elasticity and sufficient mechanical strength. It can be useful to analyze tensile properties
of isolated films. For coatings that are applied in a molten state without solvents (plastic
polymers, waxes, and lipid-based coatings), melting range and melt viscosity are the properties
of prime consideration.
Chemical Properties:Film-forming agents are of natural, semisynthetic, or synthetic origin and
are available in different chemical grades. NF monographs often describe classes of polymeric
materials that allow a considerable range of composition, structure, or molecular weight. These
factors should be considered when pharmaceutical scientists identify and quantitate critical
material attributes to ensure consistent performance.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Viscosity
Measurement of Particle Size

911 , Tensile Strength

429 , Fats and Fixed Oils

881 , Light Diffraction

401 , Thermal Analysis

891 ,
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Additional Information:Additives often are included in a coating formulation. Fillers (e.g., sugar
alcohols, microcrystalline cellulose) may be added to increase the solids content of the coating
agent without increasing viscosity. Stearic acid can be used to improve the protective
function/moisture barrier of a coating. Water-soluble or -insoluble ingredients may be added to
create pores in the film to adjust the release pattern of sustained-release formulations. Coloring
agents (e.g., titanium dioxide, kaolin) may be added to modify appearance.
Functional Category: Plasticizer
Description:A plasticizer is a low molecular weight substance that, when added to another
material—usually a polymer—makes the latter flexible, resilient, and easier to handle. Modern
plasticizers are synthetic organic chemicals, the majority of which are esters such as citrates
and phthalates. They are key components that determine the physical properties of polymeric
pharmaceutical systems such as tablet film coatings and capsule shells.
Functional Mechanism:Plasticizers function by increasing the intermolecular and intramolecular
mobility of the macromolecules that comprise polymeric materials. They achieve this by
interfering with the normal intermolecular and intramolecular bonding mechanisms in such
systems. The most effective plasticizers exert their effect at low concentrations, typically less
than 5% w/w. Plasticizers commonly are added to film coatings (aqueous and nonaqueous
systems) and capsule shells (hard and soft varieties) to improve their workability and
mechanical ruggedness. Without the addition of plasticizers, such materials can split or fracture
prematurely. Plasticizers also are added to semisolid pharmaceutical preparations such as
creams and ointments to enhance their rheological properties.
Physical Properties:The most common plasticizers are low molecular weight (< 500 Da) solids
or liquids. They typically have low melting points (< 100 ) and can be volatile (i.e., exert an
appreciable vapor pressure) at ambient temperature. Plasticizers can significantly reduce the
glass transition temperature of the system to which they are added.
Chemical Properties:As noted, many modern plasticizers are synthetic esters such as citrates
and phthalates. Traditional pharmaceutical plasticizers include oils, sugars, and their
derivatives.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Melting Range or Temperature
921 , Residual Solvents
Thermal Analysis

467 , Specific Gravity

741 , Water Determination

841 , Refractive Index

831 , and

891 .

Other Information:The choice of an appropriate plasticizer often is guided by reference to its
“solubility parameter”, which is related to its cohesive energy density. Solubility parameter
values for many common materials are tabulated in standard reference texts. To ensure
maximum effectiveness, the solubility parameter of the plasticizer and the polymeric system
being plasticized should be matched as closely as possible.
ORAL LIQUIDS
Functional Category: pH Modifier (Acidifying/Alkalizing/Buffering Agent)
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Description:The hydrogen ion concentration, [H+], in an aqueous solution is expressed as pH
= log(H+). The pH of pure water is 7 at 25 . An aqueous solution is acidic at pH < 7 and
alkaline at pH > 7. An acid may be added to acidify a solution. Similarly, a base may be used to
alkalize a solution. A buffer is a weak acid (or base) and its salt. When a buffer is present in a
solution, the addition of small quantities of strong acid or base leads to only a small change in
solution pH. Buffer capacity is influenced by salt/acid (or base/salt) ratio and total
concentration of acid (or base) and salt. The pH of pharmaceutical solutions typically is
controlled using acidifying/alkalizing and buffering agents to (1) maintain a pH close to that of
relevant body fluid to avoid irritation; (2) improve drug stability that is pH dependent; (3)
control equilibrium solubility of weak acids or bases; and (4) maintain a consistent ionization
state of molecules during chemical analysis, e.g., high-performance liquid chromatography
(HPLC).
Functional Mechanism:The ionization equilibria of weak bases, weak acids, and water are the
key to the functions of acidifying, alkalizing, and buffering agents. The autoprotolytic reaction
of water can be expressed as

The autoprotolysis constant (or ion product) of water is Kw = 1 × 10 14 at 25 and varies
significantly with temperature. Because the concentrations of hydrogen and hydroxyl ions in
pure water are equal, each has the value of approximately 1 × 10 7 mole/L, leading to the
neutral pH of 7 at 25 . When an acid, base, or salt of weak acid (or base) is added, the
ionization equilibrium of water is shifted so that [H+][OH ] remains constant, thus resulting in
a solution pH that is different from 7.
Physical Properties:The ionization equilibrium of a weak acid, HA, can be written as

The ionization constant of a weak acid (or conjugate acid of a base) is commonly expressed as
pKa = log(Ka), where Ka = [H3 O+][A ]/[HA]. A lower pKa corresponds to a stronger acid.
Similarly, the ionization constant of a weak base (or conjugate base of an acid) is expressed as
pKb = log(Kb). The ionization equilibrium of water (pKa + pKb = pKw) equals 14 at 25 . Buffers
and pH modifiers influence solution osmolality, osmolarity, and water conductivity.
Chemical Properties:When used in chemical analysis, buffers must be chemically compatible
with the reagents and test substance. Buffers, when used in physiological systems, should not
interfere with pharmacological activity of the medicament or normal function of the organism.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected pH modifier or buffering agent functions: Water Conductivity
Osmolality and Osmolarity

645 , pH

791 , and

785 .

Functional Category: Wetting and/or Solubilizing Agent
Description:Solubilizers can be used to dissolve insoluble molecules. They function by
facilitating spontaneous phase transfer to yield a thermodynamically stable solution. A number
of solubilizers are available commercially. Acceptable solubilizers for pharmaceutical applications
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have been fully evaluated in animals for safety and toxicology.
Functional Mechanism:Solubilizers comprise a variety of different chemical structures/classes.
Some solubilizers may have unique chemical structures. For example, a hydrophilic moiety may
be tethered with a hydrophobic moiety to yield distinct micelle shapes and morphologies in
water, thus facilitating solubilization. The mechanism of solubilization often is associated with a
favorable interaction of the insoluble agent and the interior core of the solubilizer assembly
(e.g. micelles). In other cases, unique hydrophobic sites that are capable of forming inclusion
complexes are present. Other types of solubilizers utilize a range of polymeric chains that
interact with hydrophobic molecules to increase solubility by dissolving the insoluble agent into
the polymeric chains.
Physical Properties:Solubilizers are solid, liquid, or waxy materials. Their physical properties
depend on their chemical structures. The physical properties and performance of the
solubilizers, however, depend on the surface-active properties of the solubilizers and on the
hydrophilic–lipophilic balance (HLB). Solubilizers with lower HLB values behave as emulsifiers,
and those with higher HLB values behave as solubilizers. For example, sodium lauryl sulfate (HLB
40) is hydrophilic and highly water soluble and, upon dispersion in water, spontaneously forms
micelles.
The unique hydrophilicity and hydrophobicity properties of solubilizers are characterized by their
aggregate numbers or critical micelle concentrations (CMC). The CMC value is unique to an
individual solubilizer bearing hydrophilic, lipophilic, and/or hydrophobic chains. CMC is a measure
of the concentration at which the surface-active molecule aggregates and solubilizes the
solute by incorporating part into the hydrophobic interior and accommodating the rest in the
hydrophilic exterior aqueous layer. Such interactions with the insoluble molecule further stabilize
the molecules in the entire assemblies without precipitation to yield a continuous solution.
Chemical Properties:The chemical and surface-active properties depend on the structures of
the solubilizers. Because of the complex nature of solute–solvent–solubilizer interactions,
pharmaceutical scientists must carefully consider, identify, and control the critical material
attributes of solubilizers.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected solubilizing agent function: Fats and Fixed Oils
791 , Specific Surface Area
Scattering

846 , Thermal Analysis

851 , Scanning Electron Microscopy

Diffraction Measurement of Particle Size

401 , Specific Gravity

841 , pH

891 , Spectrophotometry and Light-

1181 , Viscosity

911 , and Light

429 .

Functional Category: Antimicrobial Preservative
Description:Antimicrobial preservatives are used to kill or prevent growth of bacteria, yeast,
and mold in the dosage form.
Functional Mechanism:Preservatives work by a variety of mechanisms to control microbes.
Most of them work at the cell membrane, causing membrane damage and cell leakage. Other
modes of action include transport inhibition, protein precipitation, and proton-conducting
uncoupling. Some preservatives are -cidal (kill bacteria or yeast and mold); some are -static
(inhibit growth of microorganisms); and others are sporicidal (kill spores). Several of the
preservatives can act synergistically (e.g., combinations of parabens).

PF 38(5): Sep.-Oct. 2012

85

Physical Properties:Antimicrobials generally are soluble in water at concentration ranges at
which they are effective. The vapor pressure of these agents is important, especially if the
dosage form is intended to be lyophilized or spray dried. Several of these agents are flammable.
Understanding of an excipient's partition coefficient is important because partitioning of a
preservative into an oil phase will diminish the preservative's concentration in the aqueous
phase, which in turn can reduce its value as a preservative.
Chemical Properties:Phenolic preservatives can undergo oxidation and color formation.
Incompatibilites of preservatives (cationic and anionic mixtures, adsorption to tubes or filters,
binding to surfactants and proteins) should be taken into account during product development.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Injections

1 , Antimicrobial Effectiveness Testing

Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests

51 ,
61 ,

Microbiological Examination of Nonsterile Products: Tests for Specified Microorganisms
and Antimicrobial Agents—Content

62 ,

341 .

Other Information:Be aware of safety and labeling requirements, specifically for benzalkonium
chloride (eye and skin irritation), benzoic acid and benzoate salts (risk of jaundice in newborn
babies), benzyl alcohol (should not be given to premature babies or neonates and may cause
allergic reactions in children aged 3 years or less), bronopol (may cause skin reaction),
chlorocresol (allergic reactions), organic mercury compounds (allergic reaction), parabens
(allergic reactions), and sorbic acid and salts (skin reactions). Because of the risk of organic
mercury toxicity, thimerosal should not be used. Use of preservative is contraindicated in
parenteral products in which the fill volume is greater than 30 mL or comes in contact with
cerebrospinal fluid. Antioxidants and chelating agents tend to potentiate antimicrobial efficacy.
Functional Category: Chelating and/or Complexing Agents
Description:Chelating/complexing agents form soluble complex molecules with certain metal
ions (e.g., copper, iron, manganese, lead, and calcium) and essentially remove the ions from
solution to minimize or eliminate their ability to react with other elements and/or to precipitate.
The agents are used in pharmaceuticals (oral, parenteral, and topical formulations), cosmetics,
and foods to sequester ions from solution and to form stable complexes. Chelating agents are
also referred to as chelants, chelators, or sequestering agents.
Functional Mechanism:Chelating/complexing agents are used to sequester undesirable metal
ions from solution. Their chemical structure acts as a “claw” to associate with the metal atom
by forming a heterocyclic ring structure. Complexing agents function similarly but
mechanistically do not (by definition) require a two-point claw structure because they can
associate via one or more binding sites. All chelating agents are complexing agents, but not all
complexing agents are chelating agents. As excipients, chelating agents are used as
antioxidant synergists, antimicrobial synergists, and water softeners. By “removing” metal ions
from solution, chelating agents reduce the propensity for oxidative reactions. Chelating agents
also have the ability to enhance antimicrobial effectiveness by forming a metal-ion-deficient
environment that otherwise could feed microbial growth.
Physical Properties:Chelating and complexing agents are freely soluble in water. Various salt
(disodium and calcium disodium) and hydrated forms (anhydrous, dihydrate, and trihydrate) of
edetic acid exist. Edetic acid and its derivatives appear as white to off-white crystalline solids.
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Oxyquinoline sulfate appears as a pale yellow, crystalline powder. USP–NF recognizes that
chelating/complexing agents are stable below 100 , but dehydration and/or decomposition can
occur at higher temperatures. Chelating agents exhibit different degrees of hygroscopicity.
Because low proportions of chelating agents are used in formulations (typically not more than
0.2%), they are not expected to significantly affect the bulk solid mechanical and flow
properties of solid formulations. Because these agents are used in very low levels, their particle
size distribution is important to enable acceptable dosage form content uniformity.
Chemical Properties:Chelating/complexing agents complex with metal ions via any combination
of ionic and covalent bonds. Dilute aqueous solutions may be neutral, acidic, or alkaline. Edetic
acid and its salts are incompatible with strong oxidizers, strong bases, and polyvalent metal
ions (e.g., copper and nickel). Specific agents are selected for a formulation based on their
solubility, affinity for the target metal ion, and stability. Edetate salts are more soluble than the
free acid. Unlike other edetate salts and the free acid, edetate calcium disodium does not
sequester calcium and therefore is preferred to prevent hypocalcemia. It is also preferred to
chelate heavy metals with the release of calcium ions. Alternatively, disodium edetate can be
used to treat hypercalcemia. Edetic acid will decarboxylate if heated above 150 .
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Antimicrobial Effectiveness Testing

51 ; Microbiological

Examination of Nonsterile Products: Microbial Enumeration Tests

61 ; Heavy Metals

Iron

241 ; Lead

251 ; Antimicrobial Agents—Content

Measurement of Particle Size

429 ; Loss on Drying

231 ;

341 ; Light Diffraction

731 ; pH

791 ; Water Determination

921 ; Biotechnology-derived Articles 1045 ; and Cell and Gene Therapy Products
, Manufacturing of Cell Therapy Products.

1046

Functional Category: Antioxidant
Description:This category applies to antioxidants used as in vitro stabilizers of pharmaceutical
preparations to mitigate oxidative processes. Antioxidants used for their biological activity in
vivo may be regarded as active ingredients with therapeutic effects and are not discussed.
Antioxidants delay the onset and/or significantly reduce the rate of complex oxidative reactions
that could otherwise have a detrimental impact on the drug substance. Antioxidants also can
be considered for protecting nonactive components like unsaturated oils, pegylated lipids,
flavors, and essential oils. Thus antioxidants preserve the overall integrity of the dosage form
against oxidative stress. Antioxidants are most effective when incorporated in the formula to
prevent or delay the onset of chain reactions and to inhibit free radicals and hydroperoxides
from engaging in the cascading processes described above. Effective application of antioxidants
and evaluation of their efficacy necessitate an understanding of oxidative mechanisms and the
nature of the byproducts they generate. Autoxidation is initiated when oxygen reacts with a
substrate to form highly reactive species known as free radicals (RH ® R·). After “initiation” the
free radicals in the presence of oxygen can trigger chain reactions (R·+ O2 ® ROO·and ROO·+
RH ® R·+ ROOH) to form peroxy radicals, hydroperoxides, and new alkyl radicals that can
initiate and then propagate their own chain reactions. The cascading reactions during the
propagation phase can be accelerated by heat, light, and metal catalysts. In the presence of
trace amounts of metal catalysts (Cu+, Cu2+, Fe2+, and Fe3+), hydroperoxides (ROOH) readily
decompose to RO·and ROO·and can subsequently trigger reactions with the API and/or the
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excipients (e.g., hydrocarbons) to form hydroxyl acids, keto acids, and aldehydes that can
have further undesirable effects. Note that hydroperoxides are not solely the reaction products
of oxidative mechanisms within a formulation. Residual amounts of hydroperoxides can also be
found in commonly used excipients like polyethylene glycols (PEG), polyvinlypyrrolidone (PVP),
and polysorbates. The initiation phase generally is slow and has limited impact on the quality of
the finished product. The propagation phase, in contrast, involves rapid, irreversible
degradation of chemical species.
Functional Mechanism:Antioxidants can be grouped by their mode of action. Phenolic
antioxidants that block free radical chain reactions are also known as true or primary
antioxidants. This group consists of monohydroxy or polyhydroxy phenol compounds with ring
substitutions. They have very low activation energy to donate hydrogen atom(s) in exchange
for the radical electrons that are rapidly delocalized by free radicals. By accepting the radical
electrons they stabilize free radicals. The reaction yields antioxidant free radicals that can also
react with lipid free radicals to form other stable compounds. Thus they can block oxidative
chain reactions both in the initiation and propagation stages. Because of their solubility
behavior, phenolic antioxidants are most effective in protecting oils and oil-soluble actives
against oxidative stress. Reducing agents generally are water-soluble antioxidants (e.g., lascorbic acid) with lower redox potential than the drug or the excipient they are protecting.
They delay the onset and the rate of oxidative reactions by sacrificially reacting with oxygen
and other reactive species. The oxygen-scavenging potential of the reducing agents may be
sensitive to pH and can also be negatively affected in the presence of trace metals. Chelating
agents bind with free metals (Cu+, Cu2+, Fe2+, and Fe3+) that may be present in trace
amounts in the formulation. The newly formed complex ions are nonreactive. Chelating agents
therefore remove the capacity of the metal catalysts to participate in oxidative reactions that
occur during the propagation stage.
The utility of antioxidants can be maximized by synergistic use of one or two primary
antioxidants along with reducing and chelating agents. The combined effect is often greater
than the sum of the individual effects of each antioxidant (synergistic effect).
Physical Properties:Solubility of the antioxidant should be greatest in the formulation phase
(oily, aqueous, or emulsion interface) where the drug substance is most soluble. The
temperature at which the antioxidant decomposes is critical for autoclaved preparations where
loss of antioxidant activity may occur. Stability of the antioxidant also must be considered and
may be a function of pH and processing conditions. Metal ions may react with propyl gallate to
form colored complexes. At alkaline pH, certain proteins and sodium salts may bring about
discoloration of tert-butylhydroquinone (TBHQ).
Chemical Properties:Activation energy, oxidation-reduction potential, stability at different
formulation (e.g., pH), and processing (e.g., heat) conditions are important chemical properties.
If the dosage form's expected shelf life depends on the antioxidant's function, the
concentration must be factored in and periodically assessed to ensure that a sufficient amount
of antioxidant remains but does not exceed safety limits.
General Chapters:The following general chapters may be useful for assessing selected excipient
antioxidant functions: Specific Surface Area
621 , Water Determination

846 , Crystallinity

695 , Chromatography

921 , Melting Range or Temperature

Functional Category: Sweetening Agent

741 , and Iron

241 .
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Description:Sweetening agents are used to sweeten oral dosage forms and to mask
unpleasant flavors.
Functional Mechanism:Sweetening agents bind to receptors on the tongue that are
responsible for the sensation of sweetness. The longer the sweetener molecule remains
attached to the receptor, the sweeter the substance is perceived to be. The standard for
sweetness is sucrose.
Physical Properties:The primary physical properties relevant to sweeteners relate to their
compatibility with the other ingredients in the formulation (e.g., acidic ingredients), processing
conditions (e.g., heating), particle size and distribution, moisture content, isomerism,
sweetness, and taste-masking capability. These properties may be formulation dependent.
Chemical Properties:Sweeteners can be divided into three main groups: sugars (which have a
ring structure), sugar alcohols (sugars that do not have a ring structure), and artificial
sweeteners. All sweeteners are water soluble. The stability of many sweeteners is affected by
pH and other ingredients in the formulation. Some sweeteners may catalyze the degradation of
some active ingredients, especially in liquids and in cases in which the manufacturing processes
involve heating.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Optical Rotation
921 ; Loss on Drying

781 , Specific Rotation; Water Determination

731 ; and Melting Range or Temperature

741 .

Other Information:Products that contain aspartame must include a warning on the label
stating that the product contains phenylalanine. Sugar alcohols have a glycemic index well
below that of glucose. However, sorbitol is slowly metabolized to fructose and glucose, which
raises blood sugar levels. Sugar alcohols in quantities generally greater than 20 g/day act as an
osmotic laxative, especially when they are contained in a liquid formulation. Preservative
systems should be carefully chosen to avoid incompatibility with the sweetener; some
sweeteners are incompatible with certain preservatives.
SEMISOLIDS, TOPICALS, AND SUPPOSITORIES
Functional Category: Suppository Base
Description:Suppository bases are used in the manufacture of suppositories (for rectal
administration) and pessaries (for vaginal administration). They can be hydrophobic or
hydrophilic.
Functional Mechanism:Suppositories should melt at just below body temperature (37 ),
thereby allowing the drug to be released either by erosion and partition if the drug is dissolved
in the base or by erosion and dissolution if the drug is suspended in the base. Hard fat
suppository bases melt at approximately body temperature. Hydrophilic suppository bases also
melt at body temperature and typically also dissolve or disperse in aqueous media. Thus release
takes place via a combination of erosion and dissolution.
Physical Properties:The important physical characteristic of suppository bases is melting
range. In general suppository bases melt between 27 and 45 . However, individual bases
usually have a much narrower melting range within these temperature boundaries, typically 2 –
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3 . The choice of a particular melting range is dictated by the influence of the other
formulation components on the melting range of the final product.
Chemical Properties:Hard fat suppository bases are mixtures of semisynthetic triglyceride
esters of longer-chain fatty acids. They may contain varying proportions of mono- and diglycerides and may also contain ethoxylated fatty acids. They are available in many different
grades that are differentiated by melting range, hydroxyl number, acid value, iodine value,
solidification range, and saponification number.
Hydrophilic suppository bases are mixtures of hydrophilic semisolid materials that in combination
are solid at room temperature and yet release the drug by melting, erosion, and dissolution
when administered to the patient. Hydrophilic suppository bases have much higher levels of
hydroxyl groups or other hydrophilic groups than do hard fat suppository bases. Polyethylene
glycols that show appropriate melting behavior are examples of hydrophilic suppository bases.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Fats and Fixed Oils
Melting Range or Temperature

401 , Congealing Temperature

741 , and Pharmaceutical Dosage Forms

651 ,

1151 .

Other Information:Some materials included in suppositories based on hard fats have much
higher melting ranges. These materials typically are microcrystalline waxes that help stabilize
molten suspension formulations. Suppositories may also be manufactured from glycerinated
gelatin.
Functional Category: Suspending and/or Viscosity-Increasing Agent
Description:Suspending and/or viscosity-increasing agents are used in pharmaceutical
formulations to stabilize disperse systems (e.g., suspensions or emulsions), to reduce the rate
of solute or particulate transport, or to decrease the fluidity of liquid formulations.
Functional Mechanism(s):A number of mechanisms contribute to the dispersion stabilization or
viscosity-increasing effect of these agents. The most common is the increase in viscosity–due
to the entrapment of solvent by macromolecular chains or clay platelets—and the disruption of
laminar flow. Other mechanisms include gel formation via a three-dimensional network of
excipient molecules or particles throughout the solvent continuum and steric stabilization
wherein the macromolecular or mineral component in the dispersion medium adsorbs to the
surfaces of particles or droplets of the dispersed phase. The latter two mechanisms increase
formulation stability by immobilizing the dispersed phase.
Physical Properties:Each of the mechanisms—increased viscosity, gel formation, or steric
stabilization—is a manifestation of the rheological character of the excipient. Because of the
molecular weights and sizes of these excipients, the rheological profiles of their dispersions are
non-Newtonian. Dispersions of these excipients display viscoelastic properties. The molecular
weight distribution and polydispersity of the macromolecular excipients in this category are
important criteria for their characterization.
Chemical Properties:The majority of the suspending and/or viscosity-increasing agents are (a)
hydrophilic carbohydrate macromolecules (acacia, agar, alginic acid, carboxymethylcellulose,
carrageenans, dextrin, gellan gum, guar gum, hydroxyethyl cellulose, hydroxypropyl cellulose,
hypromellose, maltodextrin, methylcellulose, pectin, propylene glycol alginate, sodium alginate,
starch, tragacanth, and xanthan gum) and (b) noncarbohydrate hydrophilic macromolecules,
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including gelatin, povidone carbomers, polyethylene oxide, and polyvinyl alcohol. Minerals (e.g.,
attapulgite, bentonite, magnesium aluminum silicate, and silicon dioxide) comprise the secondlargest group of suspending and/or viscosity-increasing agents. Aluminum monostearate is the
one non-macromolecular, non-mineral excipient in this functional category. It consists chiefly of
variable proportions of aluminum monostearate and aluminum monopalmitate.
General Chapter:The following general chapter may be useful in ensuring consistency in
selected excipient functions: Viscosity

911 .

Functional Category: Ointment Base
Description:An ointment is a viscous semisolid preparation used topically on a variety of body
surfaces. An ointment base is the major component of an ointment and controls its physical
properties.
Functional Mechanism:Ointment bases serve as vehicles for topical application of medicinal
substances and also as emollients and protective agents for skin.
Physical Properties:Ointment bases are liquids with a relatively high viscosity so that solids
can be suspended as a stable mixture.
Ointment bases are classified as (a) oleaginous ointment bases that are anhydrous, do not
absorb water readily, are insoluble in water, and are not removable by water (e.g., petrolatum);
(b) absorption ointment bases that are anhydrous and absorb some water but are insoluble in
water and are not water removable (e.g., lanolin); (c) emulsion ointment bases that are waterin-oil or oil-in-water emulsions and are hydrous, absorb water, and are insoluble in water (e.g.,
creams of water, oils, waxes, and/or paraffins); and (d) water-soluble ointment bases that are
anhydrous and absorb water and are soluble in water and are water removable (e.g.,
polyethylene glycol).
Chemical Properties:Ointment bases are selected to be inert and chemically stable.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Viscosity

911

and Congealing Temperature

651 .

Functional Category: Stiffening Agent
Description:A stiffening agent is an agent or a mixture of agents that increases the viscosity
or hardness of a preparation, especially in ointments and creams.
Functional Mechanism:In general, stiffening agents are high melting point solids that increase
the melting point of ointments or increase the consistency or body of creams. Stiffening agents
can be either hydrophobic (e.g., hard fat or paraffin) or hydrophilic (e.g., polyethylene glycol,
high molecular weight).
Physical Properties:The primary physical property relevant to stiffening agents is their high
melting point or melting range. Typical melting ranges for stiffening agents range from 43 to 47
(cetyl esters wax), 53 to 57 (glyceryl distearate), 69 to 74 (glyceryl behenate), and 85
to 88 (castor oil, hydrogenated).
Chemical Properties:Stiffening agents comprise a diverse group of materials that include
glycerides of saturated fatty acids, solid aliphatic alcohols, esters of saturated fatty alcohols
and saturated fatty acids, saturated hydrocarbons, blends of fatty alcohols and a
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polyoxyethylene derivative of a fatty acid ester of sorbitan, and higher ethylene glycol
polymers.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Melting Range or Temperature
651 , and Viscosity

741 , Congealing Temperature

911 .

Other Information:Some of the materials included as stiffening agents increase the waterholding capacity of ointments (e.g., petrolatum) or function as co-emulsifiers in creams.
Examples include stearyl alcohol and cetyl alcohol.
Functional Category: Emollient
Description:Emollients are excipients used in topical preparations to impart lubrication,
spreading ease, texture, and softening of the skin and to counter the potentially
drying/irritating impact of surfactants on the skin.
Functional Mechanism:Emollients help form a protective film and maintain the barrier function
of the epidermis. Their efficacy may be described by three mechanisms of action: protection
against the delipidizing and drying effects of surfactants, humectancy due to occlusion (by
providing a layer of oil on the surface of the skin, emollients slow water loss and thus increase
the moisture-retention capacity of the stratum corneum), and lubricity, adding slip or glide to
the preparation.
Physical Properties:Emollients impart one or more of the following attributes to a
pharmaceutical preparation: spreading capacity, pleasant feel to the touch, softness of the
skin, and indirect moisturization of the skin by preventing trans-epidermal water loss.
Chemical Properties:Emollients are either oils or are derived from components of oils as esters
of fatty acids. Depending on the nature of its fatty acid ester, an emollient may be liquid,
semisolid, or solid at room temperature. Generally, the higher the molecular weight of the fatty
acid moiety (carbon chain length) the richer the feel and softness of the touch. Fluidity
generally is imparted by shorter chain length and higher degree of unsaturation in the fatty acid
moiety. The degree of branching of ester bonds also influences the emollient properties.
General Chapter: The following general chapter may be useful in ensuring consistency in
selected excipient functions: Fats and Fixed Oils

401 .

PARENTERALS
Functional Category: Pharmaceutical Water
Description:Water is used as a solvent, vehicle, diluent, or filler for many drug products,
especially those supplied in liquid form. These can include injectible drugs, ophthalmic drugs,
oral solutions, inhalation solutions, and others. Water is also a vehicle for buffers and
antimicrobial agents and is a volume expander for infusion solutions. Its use in dosage form
preparation also can include granulation preparation for solid oral dosage forms and applications
in the preparation of ointments and gels.
USP includes monographs for eight grades of pharmaceutical waters. One of these types of USP
water is always the water of choice when pharmaceutical scientists prepare a pharmaceutical
dosage form for human or animal use. However, USP also contains references to other types of
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water, such as distilled water, deionized water, and others according to specific use as
summarized in general information chapter Water for Pharmaceutical Purposes

1231 .

Functional Mechanism:A solvent is able to dissolve materials because it is able to disrupt the
intermolecular attractive forces and to allow the individual molecules to become dispersed
throughout the bulk solvent. Water is a favored solvent and vehicle in the majority of
applications because it is easy to handle, safe, and inexpensive.
Physical Properties:Water is liquid at normal temperature and pressure. It forms ice at the
freezing temperatures of 0 or lower; and it vaporizes at a normal boiling temperature of 100 ,
depending upon atmospheric pressure. Vaporized water in the form of steam is used for
sterilization purposes because the latent heat of steam is significantly higher than that of
boiling water.
Chemical Properties:Water in its pure form is neutral in pH and has very low conductivity and
total organic carbon (TOC). However, pH, conductivity, and TOC are affected by storage
conditions and exposure of water to gases in the air. Exposure of water to atmospheric carbon
dioxide lowers the pH of water. Storage of water in plastic containers may increase the TOC
content of water over time. Water stored in glass containers may result in an increase in pH
and conductivity of the water over time.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Injections
Water for Health Applications

1 , Water for Pharmaceutical Purposes

1230 , Bacterial Endotoxins Test

643 , and Water Conductivity

1231 ,

85 , Total Organic Carbon

645 .
Functional Category: Diluent

Description:Diluents or bulking agents used in lyophilized pharmaceuticals include various
saccharides, sugar alcohols, amino acids, and polymers. The primary functions of bulking agents
are to provide a pharmaceutically elegant lyophized cake with non-collapsed structural integrity
and to prevent drug loss due to blow-out. In addition, bulking agents are selected to facilitate
efficient drying and to provide a physically and chemically stable formulation matrix. Frequently,
complementary combinations of bulking agents are used to improve performance.
So-called “good cake forming” excipients, such as mannitol, are frequently used because they
tend to crystallize during freezing, thereby allowing efficient drying and the formation of a
structurally robust cake. For some active ingredients, crystallization during lyophilization helps
improve stability. Therefore the use of bulking agents that promote crystallization during
lyophilization is important. Amino acids and cosolvents have been used to achieve this effect.
Most biopolymer active ingredients remain amorphous upon freeze-drying, and bulking agents
such as disaccharides may function as lyoprotectants by helping to maintain a stable
amorphous phase during freezing and drying to prevent denaturation. Solubility enhancement of
an insoluble crystalline active ingredient is sometimes achieved with the use of a biopolymer
that enhances solubility or prevents crystallization of the active ingredient during lyophilization
or subsequent reconstitution. Bulking agents are also selected on the bases of
biocompatiability, buffering capability, and tonicity-modifying properties.
Functional Mechanisms:A bulking agent that readily crystallizes during lyophilization helps
maintain the structural integrity of the cake formed during primary drying, thereby preventing
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macroscopic collapse and pharmaceutical inelegance. Microscopic collapse of amorphous
components in the formulation may still occur (with some potentially undesirable results) but
will not result in macroscopic collapse if the bulking agent properties and concentration are
adequate. The bulking agent also should possess a high eutectic melting temperature with ice
to permit relatively high primary drying temperatures with commensurate rapid and efficient
drying.
Lyoprotectant properties of lyophilization diluents (i.e., those that protect the drug substance
during lyophilization) typically are achieved by the formation of a highly viscous glassy phase
that includes the biopolymer drug substance in combination with low molecular weight
amorphous saccharides such as sucrose, trehalose, or certain amino acids. A typical approach
for protein pharmaceutical formulation is to combine a sugar alcohol that readily crystallizes and
an amorphous diluent; this mixture acts as a lyoprotectant.
Physical Properties:Bulk agents are dissolved in aqueous solution before lyophilization.
Therefore chemical purity and the absence of bioburden and pyrogenic materials are essential
properties of the bulk excipient. However, the physical form and particle properties of the bulk
excipient are generally not relevant to the final properties of the lyophilized formulation.
The physical properties that are essential to product performance during and after lyophilization
include the glass transition temperature of the amorphous frozen concentrate before drying,
the glass transition temperature of the final dried formulation cake, and the eutectic melting
temperature of the crystalline bulking agent with ice. The glass transition temperature of the
formulation depends on the glass transition temperatures of the individual components,
concentrations, and interactions. Although approximations can be made based on reported
transition temperatures for individual components, current practice includes the measurement
of formulation glass transition temperatures by thermal analysis or freeze-drying microscopy.
The physical states of the bulking agent during and after lyophilization are important physical
properties. Both formulation composition and processing parameters play roles in determining
whether the bulking agent is amorphous or takes a specific crystalline form. For example,
although mannitol is easily crystallized during lyophilization, it can also be amorphous based on
formulation composition or can crystallize as a hydrate or metastable polymorph. Rate of
freezing, drying temperatures, and annealing are among the important process parameters used
to control the physical state of the formulation and its components. Moisture retention and
adsorption after lyophilization also may contribute to formulation stability and performance.
Chemical Properties:Reactivity of the bulking agent with respect to other formulation
components, especially the active ingredient, may be critical. Reducing sugars are well known
to react with aromatic and aliphatic amines. Glycols may contain trace peroxide levels that can
initiate oxidative degradation. The ability of saccharides and polyhydric alcohols to form
hydrogen bonds to biopolymers may play a role in their lyoprotection effects.
General Chapters:The following general chapters may be useful in ensuring consistency in
selecting bulking agent functions: Injections
Product Formulation; Crystallinity

1045 ,

695 ; Crystallinity Determination by Solution Calorimetry

696 ; Pharmaceutical Dosage Forms
Pharmaceutical Systems

1 ; Biotechnology-Derived Articles

1151 ; and Water—Solid Interactions in

1241 .
Functional Category: Tonicity Agent

Description:To avoid crenation or hemolysis of red blood cells and to mitigate pain and
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discomfort if solutions are injected or introduced into the eyes and nose, solutions should be
made isotonic. This requires that the effective osmotic pressure of solutions for injection is
approximately the same as that in the blood. When drug products are prepared for
administration to membranes such as eyes or nasal or vaginal tissues, solutions should be made
isotonic with respect to these tissues.
Functional Mechanism:Tonicity is equal to the sum of the concentrations of the solutes that
have the capacity to exert an osmotic force across a membrane and thus reflects overall
osmolality. Tonicity applies to the impermeant solutes within a solvent—in contrast to
osmolarity, which takes into account both permeant and impermeant solutes. For example, urea
is a permeant solute, meaning that it can pass through the cell membrane freely and is not
factored when determining the tonicity of a solution. In contrast, sodium chloride is impermeant
and cannot pass through a membrane without the help of a concentration gradient and will
therefore contribute to a solution's tonicity.
Physical Properties:Solutions of sodium chloride, dextrose, and Lactated Ringer's are common
examples of pharmaceutical preparations that contain tonicity agents. Not all solutes contribute
to the tonicity, which in general depends only on the number of solute particles present in a
solution, not the kinds of solute particles. For example, mole for mole, sodium chloride solutions
display a higher osmotic pressure than do glucose solutions of the same molar concentration.
This is because when glucose dissolves it remains one particle, but when sodium chloride
dissolves, it becomes two particles: Na+ and Cl

.

Chemical Properties:Tonicity agents may be present as ionic and/or nonionic types. Examples
of ionic tonicity agents are alkali metal or earth metal halides such as CaCl2, KBr, KCl, LiCl, NaI,
NaBr or NaCl, Na2 SO4 , or boric acid. Nonionic tonicity agents include glycerol, sorbitol, mannitol,
propylene glycol, or dextrose.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Injections

1 ; Biotechnology-Derived Articles

Formulation; Pharmaceutical Dosage Forms

1045 , Product

1151 , Ophthalmic Preparations; and

Pharmaceutical Calculations in Prescription Compounding

1160 .

AEROSOLS
Functional Category: Propellant
Description:Propellants are compounds that are gaseous under ambient conditions. They are
used in pharmaceuticals (nasal sprays and respiratory and topical formulations), cosmetics, and
foods to provide force to expel contents from a container.
Functional Mechanism:Propellant substances are low boiling point liquids that are relatively
inert toward active ingredients and excipients. They can be characterized by three properties:
whether they form a liquid phase at ambient temperatures and useful pressures, their solubility
and/or miscibility in the rest of the formulation, and their flammability. Their performance is
judged by their ability to provide adequate and predictable pressure throughout the usage life
of the product.
Propellants that have both a liquid and gas phase in the product provide consistent pressures
as long as there is liquid phase present—the pressure in the headspace is maintained by the
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equilibrium between the two phases. In contrast, the pressure provided by propellants that
have no liquid phase may change relatively rapidly as the contents of the container are
expelled. As the headspace becomes larger, the pressure within the container falls
proportionately. Propellants that have no liquid phase but have significant pressure-dependent
solubility in the rest of the formulation have performance characteristics between the other
two systems. In such cases, as the headspace increases, the propellant comes out of solution
to help to maintain the pressure of the system.
In metered-dose inhalers the propellant has a liquid phase that is an integral part of the
dispensed pharmaceutical product. Actuating the metering valve dispenses a defined volume of
the liquid contents. The propellant spontaneously boils and provides atomizing and propulsive
force. A predictable change in active concentration occurs from the beginning to the end of
the container life cycle as the liquid phase of the propellant vaporizes to reestablish the
equilibrium pressure of the system as the headspace increases.
Physical Properties:Propellants have boiling points well below ambient temperatures. Density
and solubility properties are significant considerations when one selects a propellant. Apaflurane
and norflurane have liquid-phase densities that are greater than that of water. Hydrocarbon
propellants (butane, isobutene, and propane) and dimethyl ether have liquid-phase densities
that are less than that of water.
Chemical Properties:Propellants typically are stable materials that contribute to long shelf
lives of formulations. However, the hydrocarbon propellants (butane, isobutene, and propane)
and dimethyl ether are all flammable materials. Apaflurane, carbon dioxide, nitrogen, and
norflurane are nonflammable. Nitrous oxide is not flammable but supports combustion.
Chlorofluorocarbon propellants are considered to be ozone-depleting substances. Their use in
foods, drugs, devices, or cosmetics is regulated by 21 CFR 2.125. Albuterol metered-dose
inhalers formulated with chlorofluorocarbon propellants have not been available in the United
States since January 1, 2009.
General Chapters:The following general chapters may be useful in ensuring consistency in
selected excipient functions: Aerosols, Nasal Sprays, Metered-dose Inhalers, and Dry Powder
Inhalers

601 , Chromatography

621 , and Water Determination

921 .

INTRODUCTION
Excipients are used in virtually all drug products and are essential for product manufacturing
and performance. Thus, the successful manufacture of a robust product requires the use of
well-defined excipients and manufacturing processes that consistently yield a quality product.
Excipients used in drug products typically are manufactured and supplied in compliance with
compendial standards. However, the effects of excipient properties on the critical quality
attributes (CQA) of a drug product are unique for each formulation and process and may
depend on properties of excipients that are not evaluated in USP or NF monographs. The
effects of variations in excipient material attributes depend on the role of an excipient in a
formulation and the CQAs of the drug product. This general chapter provides a framework for
applying Quality by Design (QBD) principles to excipient quality and performance.
An excipient may be used in different ways or for different purposes in a formulation and may
therefore require different material attributes to achieve the desired performance. Excipient
functional categories are broad, qualitative, and descriptive terms for the purpose an excipient
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serves in a formulation. A list of excipients grouped by functional category is included in NF
under Front Matter, Excipients, which summarizes some of the more common purposes that
excipients serve in drug products. Also important are the material attributes of the ingredients
that must be identified and controlled to ensure the excipient performs its intended function in
a drug product. A critical material attribute (CMA) is a physical, chemical, biological, or
microbiological property of a material that must be within an appropriate limit, range, or
distribution to ensure that drug product CQAs are maintained throughout the product life cycle.
Most, but not all, CMAs become tests in a compendial monograph. In some applications
excipient suppliers and users will need to identify and control material attributes in addition to
monograph specifications. Identification of CMAs requires a thorough understanding of drug
product CQAs, the manufacturing process(es), and the physical, chemical, biological, or
microbiological properties of each ingredient. Manufacturers should anticipate lot-to-lot and
supplier-to-supplier variability in excipient properties and should have in place appropriate
control measures to ensure that CMAs are maintained within the required limits. Prior
knowledge, experimental designs, and risk-assessment tools can be used to prioritize and
identify CMAs of excipients as well as critical process parameters. A CMA of an excipient may
not be related to the major component of the excipient because, for example, the presence of
minor components (e.g., peroxides, heavy metals, or microbiological content) may affect
product stability or quality. Good product development practices, which at times are termed
QBD principles, require understanding excipient CMAs that contribute to consistent performance
and are the foundation of a control strategy that accommodates excipient variability,
consistently achieving final product CQAs.
This informational general chapter provides an overview of the key functional categories of
excipients and tests or procedures that can be used to monitor and control CMAs.1 In this
chapter the functional categories have been organized by their most typical use in common
pharmaceutical dosage forms. However, functional categories can apply to multiple dosage
forms. The association of a functional category with a particular dosage form does not limit the
use of an excipient to a single type of dosage form or delivery system. Each functional
category includes a general description; the mechanisms by which excipients achieve their
function; physical properties common to these excipients; chemical properties; and a list of USP
general chapters that can be useful in the development of specific tests, procedures, and
acceptance criteria to ensure that CMAs are adequately monitored and controlled. Because of
the complex nature and interplay of formulation ingredients, processing, and dosage form
performance requirements, the information provided in this chapter should not be viewed as
either restrictive or completely comprehensive.
TABLETS AND CAPSULES
Functional Category: Diluent
Description: Diluents are components that are incorporated into tablet or capsule dosage
forms to increase dosage form volume or weight. Sometimes referred to as fillers, diluents often
comprise a large portion of the dosage form, and the quantity and type of diluent selected
often depend on its physical and chemical properties. Thus, successful and robust
manufacturing and dosage form performance depend on the measurement and control of the
CMAs.
Functional Mechanism: Among the most important functional roles diluents play is their ability
to impart desirable manufacturing properties (e.g., powder flow, tablet compaction strength,
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wet or dry granule formation, or homogeneity) and performance (e.g., content uniformity,
disintegration, dissolution, tablet integrity, friability, or physical and chemical stability). Some
diluents (e.g., microcrystalline cellulose) occasionally are referred to as dry binders because of
the high degree of tablet strength they impart to the final compressed tablet.
Physical Properties: The primary physical properties relevant to tablet/capsule diluents are
those that can have a direct effect on diluent and formulation performance. These include: (1)
particle size and size distribution, (2) particle shape, (3) bulk/tapped/true density, (4) specific
surface area, (5) crystallinity, (6) moisture content, (7) powder flow, (8) solubility, and (9)
compaction properties for tablet dosage forms.
Chemical Properties: Tablet diluents comprise a large and diverse group of materials that
include inorganics (e.g., dibasic calcium phosphate or calcium carbonate), single-component
organic materials (e.g., lactose monohydrate or mannitol), and multicomponent or complex
organics (e.g., microcrystalline cellulose or starch). They may be soluble or insoluble in water,
and they may be neutral, acidic, or alkaline in nature. These chemical properties can have a
positive or negative effect on the drug substance physical or chemical stability and on
performance. Appropriate selection of excipients with desirable physical and chemical properties
can enhance the physical and chemical stability as well as the performance of the drug
substance and dosage form. The detailed composition of an excipient may be important
because excipient function could be influenced by the presence of minor concomitant
components that are essential for proper performance. Pharmaceutical scientists may find it
necessary to control the presence of undesirable components (e.g., heavy metals or peroxides)
to ensure adequate dosage form stability and performance.
General Chapters: The following general chapters may be useful in ensuring consistency in
diluent functions: Light Diffraction Measurement of Particle Size
Tapped Density of Powders
Solution Calorimetry
Microscopy
Fineness

616 , Crystallinity

696 , Density of Solids

429 , Bulk Density and

695 , Crystallinity Determination by
699 , Loss on Drying

731 , Optical

776 , Particle Size Distribution Estimation by Analytical Sieving

811 , Specific Surface Area

846 , Water Determination

786 , Powder

921 , and Powder Flow

1174 .
Functional Category: Wet Binder
Description: Tablet and capsule binders are incorporated into formulations to facilitate the
agglomeration of powder into granules during mixing with a granulating fluid such as water,
hydroalcoholic mixtures, or other solvents. The binder may be either dissolved or dispersed in
the granulation liquid or blended in a dry state, and other components and the granulation liquid
may be added separately during agitation. Following evaporation of the granulation liquid,
binders typically produce dry granules that achieve the desired properties such as granule size,
size distribution, shape, content, mass, and active content. Wet granulation facilitates the
further processing of the granules by improving one or more of the granule properties such as
flow, handling, strength, resistance to segregation, dustiness, appearance, solubility,
compaction, or drug release.
Functional Mechanism: Binders are soluble or partially soluble in the granulating solvent or, as
in the case of native starches, can be made soluble. Concentrated binder solutions also have
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adhesive properties. Upon addition of liquid, binders typically facilitate the production of moist
granules (agglomerates) by altering interparticle adhesion. They also may modify interfacial
properties, viscosity, or other properties. During drying they may produce solid bridges that
yield improved residual dry granule strength.
Physical Properties: Dispersion or dissolution of a binder in the granulation liquid depends on its
physical properties: depending on the application, surface tension, particle size, size
distribution, solubility, and viscosity are among the important properties. Homogeneous
incorporation of binder into a dry blend also depends on its physical properties such as particle
size, shape, and size distribution. Viscosity often is an important property to consider for
binders and, for polymers, is influenced by the nature of the polymer structure, molecular
weight, and molecular weight distribution. Polymeric binders may form gels.
Chemical Properties: Tablet and capsule binders can be categorized as (1) natural polymers,
(2) synthetic polymers, or (3) sugars. The chemical nature of polymers—including polymeric
structure, monomer properties and sequence, functional groups, degree of substitution, and
cross-linking—influence the complex interactions that can occur during granulation. Natural
polymers in particular may exhibit greater variation in their properties because of variations in
their sources and therefore their composition.
General Chapters: The following general chapters may be useful in ensuring consistency in
binder functions: Bulk Density and Tapped Density of Powders
, Crystallinity

695 , Density of Solids

699 , Loss on Drying

Distribution Estimation by Analytical Sieving
Viscosity

911 , and Powder Flow

616 , Chromatography

621

731 , Particle Size

786 , Specific Surface Area

846 , Newtonian

1174 .

Functional Category: Disintegrant
Description: Disintegrants are functional components that are added to formulations to
promote rapid disintegration into smaller units and to allow a drug substance to dissolve more
rapidly. Disintegrants are natural, synthetic, or chemically modified natural polymeric
substances. When disintegrants come in contact with water or stomach or intestinal fluid they
function by absorbing liquid and start to swell, dissolve, or form gels. This causes the tablet
structure to rupture and disintegrate, producing increased surfaces for enhanced dissolution of
the drug substance.
Functional Mechanism(s): The ability to interact strongly with water is essential to
disintegrant function. Three major mechanisms describe the function of the various
disintegrants: volume increase by swelling, deformation, and capillary action (wicking). In tablet
formulations, the function of disintegrants is best described as a combination of two or more of
these effects. The onset and degree of the locally achieved actions depend on various
parameters of a disintegrant, such as its chemical nature and its particle size distribution and
particle shape, as well as some important tablet parameters such as hardness and porosity.
Physical Properties: The primary physical properties relevant to a disintegrant are those that
describe the product's particle structure as a dry powder or its structure when in contact with
water. These properties may include (1) particle size distribution, (2) water absorption rate, (3)
swelling ratio or swelling index, and (4) the characterization of the resulting product whether it
is still particulate or a gel is formed.
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Chemical Properties: Polymers used as disintegrants are either nonionic or anionic with
counterions such as sodium, calcium, or potassium. Nonionic polymers are natural or physically
modified polysaccharides such as starches, celluloses, pullulan, or cross-linked
polyvinylpyrrolidone. The anionic polymers mainly are chemically modified starches, cellulose
products, or low-crosslinked polyacrylates. These chemical properties should be considered in
the case of ionic polymers. Disintegration performance is affected by pH changes in the
gastrointestinal tract or by complex formation with ionic drug substances.
General Chapters: The following general chapters may be useful in ensuring consistency in
disintegrant functions: Light Diffraction Measurement of Particle Size
Microscopy
Powder Flow

429 , Optical

776 , Particle Size Distribution Estimation by Analytical Sieving

786 , and

1174 .
Functional Category: Lubricant

Description: Lubricants typically are used to reduce the frictional forces between particles and
between particles and metal-contact surfaces of manufacturing equipment such as tablet
punches and dies used in the manufacture of solid dosage forms. Liquid lubricants may be
absorbed into the granule matrix before compaction. Liquid lubricants also can be used to
reduce metal–metal friction on manufacturing equipment.
Functional Mechanism: Boundary lubricants function by adhering to solid surfaces (granules
and machine parts) and reducing the particle–particle friction or the particle–metal friction. The
orientation of the adherent lubricant particles is influenced by the properties of the substrate
surface. For optimal performance the boundary lubricant particles should be composed of small,
plate-like crystals or stacks of plate-like crystals. Fluid film lubricants melt under pressure and
thereby create a thin fluid film around particles and on the surface of punches and dies in
tablet presses, which helps to reduce friction. Fluid film lubricants resolidify after the pressure
is removed. Liquid lubricants are released from the granules under pressure and create a fluid
film. They do not resolidify when the pressure is removed but are reabsorbed or redistributed
through the tablet matrix over the course of time.
Physical Properties: The physical properties that are important for the function of boundary
lubricants include particle size, surface area, hydration state, and polymorphic form. Purity
(e.g., stearate:palmitate ratio) and moisture content also may be important. The physical
properties of possible importance for fluid film lubricants are particle size and solid state/thermal
behavior. Purity also may be important.
Chemical Properties: Lubricants can be classified as boundary lubricants, fluid film lubricants,
or liquid lubricants. Boundary lubricants are salts of long-chain fatty acids (e.g., magnesium
stearate) or fatty acid esters (e.g., sodium stearyl fumarate) with a polar head and fatty acid
tail. Fluid film lubricants are solid fats (e.g., hydrogenated vegetable oil, type 1), glycerides
(glyceryl behenate and distearate), or fatty acids (e.g., stearic acid) that melt when subjected
to pressure. Liquid lubricants are liquid materials that are released from granules under
pressure.
General Chapters: The following general chapters may be useful in ensuring consistency in
lubricant functions: Light Diffraction Measurement of Particle Size
Crystallinity Determination by Solution Calorimetry

429 , Crystallinity

696 , Loss on Drying

695 ,

731 , Optical
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776 , Particle Size Distribution Estimation by Analytical Sieving

786 , Specific

Surface Area 846 , Thermal Analysis 891 , Water Determination 921 , and
Characterization of Crystalline and Partially Crystalline Solids by X-ray Powder Diffraction
(XRPD)

941 .

Other Information: Certain lubricants, particularly those used in effervescent dosage forms,
do not fall into the chemical categories defined above. These materials are used in special
situations, and they are not suitable for universal application. Talc is an inorganic material that
may have some lubricant properties. It is generally used in combination with fluid film lubricants
to reduce sticking to punches and dies.
Functional Category: Glidant and/or Anticaking Agent
Description: Glidants and anticaking agents are used to promote powder flow and to reduce
the caking or clumping that can occur when powders are stored in bulk. In addition, glidants
and anticaking agents reduce the incidence of bridging during the emptying of powder hoppers
and during powder processing.
Functional Mechanism: Glidants are thought to work by a combination of adsorption onto the
surface of larger particles and reduction of particle–particle adhesive and cohesive forces, thus
allowing particles to move more easily relative to one another. In addition, glidants may be
dispersed among larger particles and thus may reduce friction between these particles.
Anticaking agents may absorb free moisture that otherwise would allow the development of
particle–particle bridges that are implicated in caking phenomena.
Physical Properties: Primary physical properties of potential importance for glidants and
anticaking agents are particle size, particle size distribution, and surface area. They may be
slightly hygroscopic.
Chemical Properties: Glidants and anticaking agents typically are finely divided inorganic
materials. Typically they are insoluble in water. Some of these materials are complex.
General Chapters: The following general chapters may be useful in ensuring consistency in
glidant or anticaking agent functions: Light Diffraction Measurement of Particle Size
Loss on Drying

731 , Particle Size Distribution Estimation by Analytical Sieving

Specific Surface Area

846 , and Water Determination

429 ,

786 ,

921 .

Functional Category: Coloring Agent
Description: Coloring agents are incorporated into dosage forms in order to produce a
distinctive appearance that may serve to differentiate a particular formulation from others that
have a similar physical appearance. These substances are subdivided into dyes (water-soluble
substances), lakes (insoluble forms of a dye that result from its irreversible adsorption onto a
hydrous metal oxide), inorganic pigments (substances such as titanium dioxide or iron oxides),
and natural colorants (colored compounds not considered dyes per se, such as riboflavin).
Coloring agents are subject to federal regulations, and consequently the current regulatory
status of a given substance must be determined before its use.
The Federal Food, Drug, and Cosmetic Act defines three categories of coloring agents:
FD&C colors: those certifiable for use in coloring foods, drugs, and cosmetics
D&C colors: dyes and pigments considered safe in drugs and cosmetics when in contact

PF 38(5): Sep.-Oct. 2012

101

with mucous membranes or when ingested
Ext. D&C colors: colorants that, because of their oral toxicity, are not certifiable for use
in ingestible products but are considered safe for use in externally applied products.
Functional Mechanism: Water-soluble dyes usually are dissolved in a granulating fluid for use,
although they also may be adsorbed onto carriers such as starch, lactose, or sugar from
aqueous or alcoholic solutions. These latter products often are dried and used as formulation
ingredients. Because of their insoluble character, lakes almost always are blended with other
dry excipients during formulation. For this reason direct-compression tablets often are colored
with lakes.
Physical Properties: Particle size and size distribution of dyes and lakes can influence product
processing times (blending and dissolution), color intensity, and uniformity of appearance. A
coloring agent should be physically nonreactive with other excipients and the drug substances.
Chemical Properties: The most important properties of a coloring agent are its depth of color
and resistance to fading over time. Substances can be graded on their efficiency in reflecting
desired colors of visible light, as well as on their molar absorptivities at characteristic
wavelengths. A coloring agent should be chemically nonreactive with other excipients and the
drug substances. The quality of a coloring agent ordinarily is measured by a determination of its
strength, performance, or assay. The impurity profile is established by measurements of
insoluble matter, inorganic salt content, metal content, and organic impurities.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected coloring agent functions: Light Diffraction Measurement of Particle Size

429

and

Color—Instrumental Measurement 1061 . Instrumental methods should be used to determine
the absolute color of a coloring agent.
Other Information: Coloring agents are subject to federal regulations, and consequently the
current regulatory status of a given substance must be determined before it is used.
Functional Category: Capsule Shell
Description: The word capsule is derived from the Latin capsula, which means a small
container. Among other benefits, capsules enable pharmaceutical powders and liquids to be
formulated for dosing accuracy as well as ease of transportation. The capsule material should
be compatible with all other ingredients in the drug product. Hard capsules typically consist of
two parts: both are cylindrical, and one part is slightly longer than the other and is called the
body. The cap fits closely on the body to enclose the capsule. In contrast, the soft capsule is
a one-piece unit that may be seamed along an axis or may be seamless. The capsule material
may be derived from hydrolysis of collagen that originates from porcine, bovine, or fish sources,
or it can be of nonanimal origin, e.g., cellulosic or polysaccharide chemical entities. The capsule
shell also contains other additives such as plasticizers, colorants, and preservatives. In some
cases, capsule shells are sterilized to prevent microbial growth. The capsule shell is an integral
part of the formulation, and therefore robust manufacturing and formulation performance
depends on the measurement and control of CMAs. Capsules can be used to administer drugs
by oral, rectal, vaginal, or inhalation routes.
Functional Mechanism: Capsules can enclose solid, semisolid, or liquid formulations. Capsules
have a variety of benefits: masking unpleasant taste, facilitating blinding in clinical studies,
promoting ease of swallowing, and presenting a unique appearance. Conventional capsule shells
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should dissolve rapidly at 37 in biological fluids such as gastric and intestinal media. However,
the solubility properties of the shell can be modified (e.g., with enteric and controlled-release
polymers) to control the release of the capsule contents.
Physical Properties: The primary physical properties relevant to the capsule shell are those
that can have a direct effect on product performance: (1) moisture content, (2) gas
permeability, (3) stability on storage, (4) disintegration, (5) compactness, and (6) brittleness.
The moisture content varies with the type of capsule. Hard gelatin capsules typically contain
13%–16% water compared to hypromellose (hydroxypropyl methylcellulose or HPMC) capsules
that typically contain 4%–7% water content. Moisture content has an important effect on
capsule brittleness. Soft gelatin capsules contain 5%–15% water. Equilibrium water content
also may be crucial to dosage form stability because water migration can take place between
the shell and capsule contents. Gas permeability may be important and generally is greater for
HPMC capsules than for gelatin capsules because of the presence of open structures in the
former. Gelatin capsules may undergo cross-linking upon storage at elevated temperature and
humidity (e.g. 40 /75% RH), but under these conditions HPMC capsules do not cross-link. The
aldehyde content in the powder or liquid fill should be considered because it can promote
cross-linking of gelatin shell material. Gelatin capsules should disintegrate within 15 min when
exposed to 0.5% hydrochloric acid at 36 –38 but not below 30 . HPMC capsules can
disintegrate below 30 .
Chemical Properties: Gelatin is a commercial protein derived from the native protein, collagen.
The product is obtained by partial hydrolysis of collagen derived from skin, white connective
tissue, and bones of animals. Type A gelatin is derived by acid treatment, and Type B gelatin is
derived from base treatment. The common sources of commercial gelatin are pigskin, cattle
hide, cattle bone, cod skin, and tilapia skin. The gelatin capsule shell also typically contains
coloring agents, plasticizers such as polyhydric alcohols, natural gums and sugars, and
preservatives such as sodium metabisulfite and esters of p-hydroxybenzoic acid. The more
commonly used nongelatin capsules today are made from HPMC. Different capsule types contain
different moisture levels and may thus influence drug product stability. The detailed
composition of an excipient may be important because the shell function can be influenced by
small amounts of impurities in the excipients (e.g., peroxides in oils or aldehydes in lactose and
starches) that can cause capsule cross-linking. The presence in capsule shells of undesirable
materials such as metals, odorants, water-insoluble substances, and sulfur dioxide should be
evaluated to ensure stability and performance.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected capsule shell functions: Microbiological Examination of Nonsterile Products: Microbial
Enumeration Tests

61 , Microbiological Examination of Nonsterile Products: Tests for

Specified Microorganisms

62 , Arsenic

211 , Heavy Metals

281 , Disintegration

701 , Dissolution

Instrumental Method

1061 , and Gel Strength of Gelatin

231 , Residue on Ignition

711 , Water Determination

921 , Color—

1081 .

Functional Category: Coating Agent
Description: Oral tablets may be coated using compression coating, sugar coating, or film
coating. Compression coating (effectively making a tablet within a tablet) typically uses the
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same ingredients as a conventional tablet and thus is outside the scope of this section. The
term sugar coating refers to a process and does not require that sucrose be part of the
formulation. Oral capsules can be coated using film-coating procedures. Reasons for coating
pharmaceutical dosage forms include masking unpleasant tastes or odors, improving ingestion
and appearance, protecting active ingredients from the environment, and modifying the release
of the active ingredient (e.g., controlled-release or gastrointestinal targeting). Materials used
as coating agents differ depending on the coating process used. Sugar coating was the original
coating process. However, today for technical and economic reasons sugar coating largely has
been replaced by film coating. Sugar coating is a complex process that typically involves the
application of several different coats including a seal coat, key coat, subcoat, smoothing coat,
color coat, and polishing coat. The coating solutions or suspensions are slowly poured or
otherwise applied in aliquots onto a bed of tablets in a slowly rotating pan. The coating process
typically takes an extended period (potentially several days) and results in a substantial
increase in tablet weight. In contrast, film coating generally is a simpler process in which
coating solution or suspension is sprayed onto tablets either in a rotating pan or in a fluid-bed
apparatus and results in only a modest increase in capsule or tablet weight. The materials used
in both sugar coating and film coating include natural, semisynthetic, and synthetic materials.
These may be solutions, suspensions, or colloidal dispersions (latexes or pseudolatexes) that
can be applied as either aqueous or nonaqueous systems. In addition, waxes and lipids can be
applied as coatings in the molten state without the use of solvents. They also can be applied in
the solid state as a polishing coat on top of sugar coating or film coating.
Functional Mechanism—Sugar Coating: The seal coat is used to seal the surface of the tablet
cores to prevent water in the coating solutions or suspensions from causing the tablet cores to
disintegrate during coating. The seal coat typically is a polymer (e.g., shellac) that is insoluble
in water and is applied as a thin coat from a solution in a nonaqueous solvent. The key
component of the majority of sugar-coating solutions or suspensions is a solute, typically
sucrose, that is highly soluble in water and forms a sticky, viscous solution (a syrup) at very
high concentration. Other materials can be dissolved or suspended in the solution depending on
the stage during the coating process. As the coating dries, the dissolved coating material
adheres to the surface of the tablets. The coating solution or suspension typically is applied in
incremental steps, followed by drying, until the requisite coating has been achieved. The key
coat is composed of another thin coat that is designed to adhere to the seal-coated cores in
order to provide a base for the subcoat so the latter can adhere to the tablet surface. The
subcoat typically contains a high concentration of suspended solids and is designed to increase
the weight of the tablets comparatively quickly. The smoothing coat is designed to provide a
smooth surface, and the color coat provides the final color if required. Finally, the tablets may
be transferred to a polishing pan and polished using a mixture of waxes to provide a high-gloss
finish.
Functional Mechanism—Film Coating: Film-coating agents are composed of film-forming
materials (see Functional Category: Film-forming Agent) that impart desirable pharmaceutical
properties such as appearance, patient acceptance, and ease of swallowing. Film-coating
agents also can serve other functional purposes such as providing a barrier against undesirable
chemical reactions or untimely release of a drug from its components. After ingestion, the film
coating may dissolve by processes such as hydration, solubilization, or disintegration,
depending on the nature of the material used. Enteric coatings are insoluble in acidic (low pH)
media but dissolve readily in neutral pH conditions. However, most common film-coating
polymers do not have pH-specific solubility. The thickness of the film may vary by application
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and the nature of the coating agents. In the coating process, the polymer chains spread out
on the core surface and coalesce into a continuous film as the solvent evaporates. Polymer
solutions or dispersions with a low viscosity and high pigment-binding capacity reduce the
coating time and facilitate relatively simple and cost-effective manufacturing. Plastic polymers,
waxes, and lipid-based coatings can be applied without solvents by melting and atomization.
When molten fluid droplets strike the surface of the fluidized drug particles they spread and
resolidify to form film layers. Therefore, film coating materials generally have the ability to form
a complete and stable film around the substrate. The film coating typically is applied uniformly
and is carefully dried to ensure that a consistent product is produced. Suitable plasticizers may
be required to lower the minimum film-forming temperature of the polymer, and formulators
should consider their potential effect on drug release.
Physical Properties: Sugar coating is a lengthy, complex process. The physical properties of
the seal-coating polymer and solution are important. The physical properties of the syrup
component in the subsequent layers and any dissolved or suspended solids also are important,
and coating agents must be sufficiently stable during use.
Film coating is a complex process, and the characteristics of the film-forming polymer are
important. The particle size of colloidal dispersions varies with their composition and
manufacture (latex, pseudolatex, or redispersed powder) and can have an effect on film
formation. The surface tension of coating preparations can influence the spray pattern in the
manufacturing process. The film should possess sufficient elasticity and mechanical strength to
withstand the stresses during coating and packaging operations. For coatings that are applied
in a molten state without solvents (plastic polymers, waxes, and lipid-based coatings), melting
range and melt viscosity are the primary properties that formulators must consider.
Chemical Properties: Coating components can be of natural, semisynthetic, or synthetic origin
and also can be available in different chemical grades. They comprise a diverse variety of
different chemical materials. Formulators must consider the nature of the material and its
intended use when they identify and quantitate chemical CMAs to ensure consistent
performance.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected coating agent functions: Fats and Fixed Oils
Particle Size

429 , Dissolution

Newtonian Viscosity

401 , Light Diffraction Measurement of

711 , Tensile Strength

911 , Non-Newtonian Rheology

881 , Thermal Analysis

891 ,

912 , and Rolling Ball Viscometer

Method 913 . In addition, the general chapters listed under Functional Category: Filmforming Agents (below) also may be appropriate for the evaluation of film-coating polymers.
Additional Information: Additives often are included in a coating formulation. Fillers (e.g.,
sugar alcohols, microcrystalline cellulose, calcium carbonate, and kaolin) may be added to
increase the solids content of the coating agent without increasing viscosity. Stearic acid can
be used to improve the protective function/moisture barrier of a coating. Coloring agents (e.g.,
titanium dioxide and iron oxides) may be added to modify appearance.
Functional Category: Plasticizer
Description: A plasticizer is a low molecular weight substance that, when added to another
material—usually a polymer—makes the latter flexible, resilient, and easier to handle. Modern
plasticizers are synthetic organic chemicals, the majority of which are esters such as citrates
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and phthalates. They are key components that determine the physical properties of polymeric
pharmaceutical systems such as tablet film coatings and capsule shells.
Functional Mechanism: Plasticizers function by increasing the intermolecular and
intramolecular mobility of the macromolecules that comprise polymeric materials. They achieve
this by interfering with the normal intermolecular and intramolecular bonding mechanisms in
such systems. The most effective plasticizers exert their effect at low concentrations, typically
less than 5% w/w. Plasticizers commonly are added to film coatings (aqueous and nonaqueous
systems) and capsule shells (hard and soft varieties) to improve their workability and
mechanical ruggedness. Without the addition of plasticizers, such materials can split or fracture
prematurely. Plasticizers also are added to semisolid pharmaceutical preparations such as
creams and ointments to enhance their rheological properties.
Physical Properties: The most common plasticizers are low molecular weight (< 500 Da) solids
or liquids. They typically have low melting points (< 100 ) and can be volatile (i.e., exert an
appreciable vapor pressure) at ambient temperature. Plasticizers can reduce the glass
transition temperature (T g) of the system to which they are added.
Chemical Properties: Many modern plasticizers are synthetic esters such as citrates and
phthalates. Traditional pharmaceutical plasticizers include oils, sugars, and their derivatives.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected excipient functions: Residual Solvents
Refractive Index
Determination

831 , Specific Gravity

467 , Melting Range or Temperature

841 , Thermal Analysis

741 ,

891 , and Water

921 .

Other Information: The choice of an appropriate plasticizer often is guided by reference to its
solubility parameter, which is related to its cohesive energy density. Solubility parameter values
for many common materials are tabulated in standard reference texts. To ensure maximum
effectiveness, the solubility parameter of the plasticizer and the polymeric system being
plasticized should be matched as closely as possible.
Functional Category: Film-forming Agent
Description: Film-forming agents typically are polymers that can be used to prepare polymer
films to coat tablets or capsules for oral administration, to modify appearance, to modify drug
release, or to serve other purposes such as melt-in-the-mouth formulations. Polymeric materials
used as film-forming agents can be derived from natural, semisynthetic, or synthetic sources,
and they can be supplied as powders, granules, pre-prepared solutions, or colloidal dispersions.
Colloidal dispersions may contain other components such as plasticizers, surface-active agents,
preservatives, or stabilizers. Film-forming agents can be applied as colloidal dispersions (latexes
or pseudolatexes) or as aqueous, hydroalcoholic, or nonaqueous polymeric solutions.
Functional Mechanism: Film-forming agents typically are composed of polymeric materials that
possess the ability to form films after solvent evaporation from a solution of the polymer or from
the continuous phase of a colloidal dispersion. Thus the polymer alone must be a solid at
ambient temperature and humidity. Some polymers can form films without the inclusion of added
components, but other polymers may require the use of additional components such as
plasticizers.
Physical Properties: Many polymeric film-forming agents are available in a variety of physical
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grades that typically are based on the nominal viscosity of the particular grade. The physical
properties of the polymer usually are those of a solid, and many polymers are available as
powders and granules. In addition to the normal properties of bulk powders and granules, other
important physical properties of a polymeric film-forming agent are the molecular weight
distribution, which is linked to the nominal viscosity of the grade, and the glass transition
temperature (T g). If the film-forming agent is provided as a pre-prepared solution or dispersion,
the viscosity of the solution or dispersion can affect performance and should be monitored.
Chemical Properties: Film-forming agents comprise a diverse group of materials, including
natural, semisynthetic, and synthetic materials as discussed above. They may have ionizable
functional groups that impart pH-dependent properties and also can be available in different
chemical grades (e.g., with different degrees of chemical substitution). Pharmacopeial
monographs often describe classes of polymeric materials that allow a considerable range of
composition. Formulators should consider these factors when they identify critical material
attributes and establish specifications to ensure consistent performance.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected film-forming agent functions: Fats and Fixed Oils
Measurement of Particle Size
Chromatography

Newtonian Rheology
Procedures

699 , Dissolution

881 , Thermal Analysis

1097 , Near-Infrared Spectroscopy

711 , Microscopy

891 , Newtonian Viscosity

912 , Rolling Ball Viscometer Method

Pharmaceutical Dosage Forms
Microscopy

429 , Bulk Density and Tapped Density of Powders

621 , Density of Solids

791 , Tensile Strength

401 , Light Diffraction
766 , pH
911 , Non-

913 , Bulk Powder Sampling

1119 , Raman Spectroscopy

1151 , Powder Flow

616 ,

1120 ,

1174 , and Scanning Electron

1181 .
Functional Category: Flavor and Fragrance

Description: A flavor is a single chemical entity or a blend of chemicals of natural or synthetic
origin that has the ability to elicit a taste or aroma (i.e., fragrance) response when orally
consumed or smelled. The primary purpose of flavor that is added to a pharmaceutical
preparation is to provide all or part of the taste and aroma of the product taken into the
mouth. Flavors commonly are used in pharmaceutical oral disintegrating tablets, oral solutions,
and oral suspensions to mask objectionable drug taste and to make the formulation more
palatable, thus promoting patient compliance.
Functional Mechanism: Chemicals dissolved in saliva excite chemoreceptors on taste buds
that reside primarily on the tongue and thus arouse taste perception. Dissolution also releases
volatile chemicals that reach the olfactory receptors, triggering aroma perception. The total of
taste and odor responses constitutes flavor. Humans can distinguish among five components of
taste: sourness, saltiness, sweetness, bitterness, umami (savory), and a wide range of specific
odors. Flavor enhancers and taste modifiers can be used to modify the sweetness profile of a
sweetening agent or to mask off-flavors. For example, organic acids such as aspartic and
glutamic acids are known to reduce bitterness.
Physical Properties: Taste perception depends on physicochemical, physiological, and
psychological factors. Physical properties such as particle size, solubility, humectancy, texture,
and color all influence the senses. In addition to flavor, the sensory attributes of sight (e.g.,
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appealing color), sound (e.g., crunch of a chewable tablet), and mouth feel (e.g., viscous,
slimy, chalky, cloying, or watery) also contribute to and influence the overall sensory
experience.
Chemical Properties: Chemicals that provide one of the five basic tastes possess a wide
variety of structures, functional groups, and molecular weights. Chemicals used to flavor
pharmaceuticals by providing both odor and taste tend to have low molecular weights (< 250
Da) and polar functional groups such as esters, ketones, aldehydes, amines, or alcohols. To
increase the stability of the flavor(s) in a solid dosage form and to minimize flavor–drug
interactions, formulators can add flavors in an encapsulated or spray-dried form.
General Chapters: The following general chapters may be useful in ensuring consistency in
flavor functions: Light Diffraction Measurement of Particle Size
, Congealing Temperature
741 , Optical Rotation
, Refractive Index

651 , Loss on Drying

429 , Chromatography

731 , Melting Range or Temperature

781 , Particle Size Distribution Estimation by Analytical Sieving

831 , and Specific Gravity

621
786

841 .

Functional Category: Release-modifying Agents
Release-modifying agents are used to control drug release in extended-release formulations
(also referred to as prolonged-release or controlled-release formulations). Sustained-release
and enteric coating agents are included under Functional Category: Coating Agents.
Description: Release-modifying agents change a medicinal product's drug-release pattern to
achieve the desired drug plasma profile for a given time. The majority of release-modifying
agents are polymers that differ in solubility, ease of erosion, rate of swelling, or sensitivity to
the biological environment in which they are placed. These polymers have been used to
fabricate matrix- or membrane-based drug delivery systems for oral, parenteral, transdermal,
and other routes of administration. Matrix controlled-release drug delivery systems can be
classified as hydrophilic eroding matrices, hydrophilic noneroding matrices, or hydrophobic
matrices. In membrane controlled-release drug delivery systems the drug reservoir is coated by
a rate-controlling polymeric membrane that may consist of a blend of polymers to control
release. Such devices may take the form of tablets, capsules, microspheres, vesicles, fibers,
patches, etc. In addition to polymers, certain lipid-based excipients also can be used as
release-modifying agents in hydrophobic matrix devices and other types of modified-release
systems. Typically these lipid-based materials are fats and waxes or related materials with
melting ranges above 45 .
Functional Mechanism: Upon contact with a biological fluid, release-controlling polymers may
undergo a variety of physical changes such as swelling, gelling, dissolution, or erosion, each of
which can be triggered by simple aqueous exposure or can be modulated by pH, osmotic stress,
or interactions with bile or other intestinal contents. In addition to physical changes, polymers
may undergo chemical degradation by acids, bases, enzymes, water, heat, etc. Any or all of
these mechanisms may act in concert to control the rate at which the drug is released from
the delivery system.
For hydrophilic matrices in which drug diffusion dominates release rate, the rate of drug release
depends on the properties of the polymer gel, and the nature of the continuous phase in the
interstices of the gel influences the dissolution and diffusion rates of the drug. In the case of
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eroding matrices, the gel erodes because of the mechanical action of the gastrointestinal tract
as the water uptake increases, and the gel becomes more dilute, thus reducing the diffusion
distance or releasing drug particles that subsequently dissolve. Hydrophobic matrix-forming
materials are not soluble. Drug release from such systems is governed by drug diffusion through
the tortuous pores that remain as soluble components dissolve.
Membrane-based drug delivery systems include polymer-coated tablets, capsules, and
microspheres. Drug-release mechanisms from such systems are complex and depend on
physicochemical characteristics of the drug and polymers or lipids used as well as biological
factors in the case of biocompatible and biodegradable systems. Most commonly, drug release
from such systems is governed by drug diffusion through the hydrated rate-controlling
membrane.
Other modified-release systems for parenteral use include solid lipid nanoparticles and
liposomes. The release mechanisms for these systems often involve a complicated interplay
with biological processes such as potential clearance through the reticulo-endothelial system,
targeted delivery, and cellular uptake.
Osmotic pump devices are a special case of membrane delivery systems. The rate-controlling
polymer is insoluble and semipermeable—i.e., it will allow water—but not drug molecules—to
diffuse through the membrane. Release is controlled by the osmotic pressure of the core
components and the viscosity of the resulting solution or suspension. The drug, either in
solution or as a suspension, is forced out of a hole in the membrane, which is typically drilled by
a laser during product manufacture.
Physical Properties: The physical properties of the release-controlling excipient depend on the
chemical type: hydrophilic polymer, hydrophobic polymer, semipermeable polymer blends, or
lipid, wax, or biodegradable polymer (which can be hydrophilic or hydrophobic).
Hydrophilic polymers gel in contact with water or aqueous media. Because they should provide
resistance to the mechanical action of the gastrointestinal tract during passage, they typically
are higher molecular weight grades of the polymers. At the concentrations typically used during
in vivo release, these high molecular weight polymers often do not exhibit Newtonian properties
except in very dilute solution (if they are soluble). Formulators should monitor the kinetic and
viscoelastic properties of the gels formed in the release medium.
Hydrophobic polymers are insoluble in water, and their solution properties are determined in
nonaqueous solutions. The polymers used in the preparation of semipermeable membranes in
osmotic pump devices also are insoluble in water, and similarly their solution properties are
determined in nonaqueous solutions. Similarly, hydrophobic lipid-based materials are insoluble in
water.
Chemical Properties: Release-controlling agents have many different types and origins and are
available in a range of grades that reflect the considerable variation in their chemical structures
and properties. Formulators must consider these variables during any chemical investigation and
when they consider the effects of chemical structure on excipient performance. Properties of
interest may include chemical composition for copolymers and cellulosic derivatives, degree of
ionization, molecular weight, degree of crosslinking, or, for lipids, fatty acid composition.
Residual impurities from the manufacturing process, e.g., monomers, initiators, quenching
agents, peroxides, and aldehydes, may affect drug substance stability and should be
monitored.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected functions of release-modifying agents: Fats and Fixed Oils

401 , Light Diffraction
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Measurement of Particle Size
Solution Calorimetry
Temperature

429 , Crystallinity

696 , Dissolution

695 , Crystallinity Determination by

711 , Loss on Drying

741 , Nuclear Magnetic Resonance

761 , Optical Microscopy

Particle Size Distribution Estimation by Analytical Sieving
Spectrophotometry and Light Scattering
891 , Newtonian Viscosity
Method

851 , Tensile Strength

846 ,

881 , Thermal Analysis

912 , Rolling Ball Viscometer

921 , Characterization of Crystalline and Partially

Crystalline Solids by X-ray Powder Diffraction (XRPD)
Scanning Electron Microscopy

776 ,

786 , Specific Surface Area

911 , Non-Newtonian Rheology

913 , Water Determination

731 , Melting Range or

941 , Powder Flow

1174 , and

1181 .

Additional Information: Some release-modifying agents may include additives such as an
antioxidant or an anticaking agent.
ORAL LIQUIDS
Functional Category: pH Modifier (Acidifying/Alkalizing/Buffering Agent)
Description: The hydrogen ion concentration, [H+], in an aqueous solution is expressed as pH
= log(H+). The pH of pure water is 7 at 25 . An aqueous solution is acidic at pH < 7 and
alkaline at pH > 7. An acid can be added to acidify a solution. Similarly, a base can be used to
alkalize a solution. A buffer is a weak acid (or base) and its salt. When a buffer is present in a
solution the addition of small quantities of strong acid or base leads to only a small change in
solution pH. Buffer capacity is influenced by salt/acid (or base/salt) ratio and total
concentration of acid (or base) and salt. The pH of pharmaceutical solutions typically is
controlled using acidifying/alkalizing and buffering agents to (1) maintain a pH close to that of
relevant body fluid to avoid irritation; (2) improve drug stability where it is found to be pHdependent; (3) control equilibrium solubility of weak acids or bases; and (4) maintain a
consistent ionization state of molecules during chemical analysis, e.g., high-performance liquid
chromatography.
Functional Mechanism: The ionization equilibria of weak bases, weak acids, and water are the
key to the functions of acidifying, alkalizing, and buffering agents. The autoprotolytic reaction
of water can be expressed as
H2 O + H2 O

H3 O+ + OH

The autoprotolysis constant (or ion product) of water is Kw = 1 × 10 14 at 25 and varies
significantly with temperature. Because the concentrations of hydrogen and hydroxyl ions in
pure water are equal, each has the value of approximately 1 × 10 7 mole/L, leading to the
neutral pH of 7 at 25 . When an acid, base, or salt of a weak acid (or base) is added, the
ionization equilibrium of water is shifted so that [H+][OH ] remains constant, thus resulting in
a solution pH that is different from 7.
Physical Properties: pH modifiers typically are dissolved in liquid dosage forms. Physical
properties may be important and should be considered because they may influence processing
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requirements (e.g., particle size may influence mixing time required to dissolve a pH modifier).
Chemical Properties: Buffers and pH modifiers influence solution pH, buffer capacity,
osmolality, osmolarity, and water conductivity. When used in chemical analysis, buffers must be
chemically compatible with the reagents and test substance. Buffers used in physiological
systems should not interfere with the pharmacological activity of the medicament or the normal
function of the organism.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected pH-modifier or buffering-agent functions: Water Conductivity
Osmolarity

785 , and pH

645 , Osmolality and

791 .

Functional Category: Wetting and/or Solubilizing Agent
Description: Solubilizers can be used to dissolve otherwise insoluble molecules. They function
by facilitating spontaneous phase transfer to yield a thermodynamically stable solution. A
number of solubilizers are available commercially. Acceptable solubilizers for pharmaceutical
applications have been fully evaluated in animals for safety and toxicology. Wetting agents
increase the spreading and penetrating properties of a liquid by lowering its surface tension.
Functional Mechanism: Wetting and solubilizing agents comprise a variety of different chemical
structures or classes. Some solubilizers have unique chemical structures. For example, a
hydrophilic moiety may be tethered with a hydrophobic moiety to yield distinct micelle shapes
and morphologies in water, thus facilitating solubilization. The mechanism of solubilization often
is associated with a favorable interaction of the insoluble agent and the interior core of the
solubilizer assembly (e.g., micelles). In other cases, unique hydrophobic sites that are capable
of forming inclusion complexes are present. Other types of solubilizers use a range of polymeric
chains that interact with hydrophobic molecules to increase solubility by dissolving the insoluble
agent into the polymeric chains.
Physical Properties: Wetting and solubilizing agents are typically solid, liquid, or waxy
materials. Their physical properties depend on their chemical structures. The physical properties
and performance of the wetting agents and solubilizers, however, depend on the surface-active
properties of the solubilizers and on the hydrophilic–lipophilic balance (HLB). Materials with
lower HLB values behave as emulsifiers while those with higher HLB values typically behave as
solubilizing agents. For example, the commonly used wetting and solubilizing agent sodium lauryl
sulfate (HLB 40) is hydrophilic and highly water soluble and, upon dispersion in water,
spontaneously reduces surface tension and forms micelles that function to solubilize lipophilic
materials.
The unique hydrophilicity and hydrophobicity properties of solubilizers can be characterized by
their chemical structures, aggregate numbers, or critical micelle concentrations (CMC). The
CMC value is unique to an individual solubilizer that bears hydrophilic, lipophilic, and/or
hydrophobic chains. CMC is a measure of the concentration at which the surface-active
molecules aggregate. These molecular aggregates can solubilize the solute by incorporating
part into the hydrophobic interior. Such interactions with the insoluble molecule further stabilize
the molecules in the entire assemblies without precipitation.
Chemical Properties: The chemical and surface-active properties depend on the structures of
the solubilizers. Because of the complex nature of solute–solvent–solubilizer interactions,
pharmaceutical scientists must carefully consider, identify, and control the CMAs of solubilizers.
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General Chapters: The following general chapters may be useful in ensuring consistency in
selected solubilizing agent functions: Fats and Fixed Oils
Measurement of Particle Size
Area

429 , pH

791 , Specific Gravity

846 , Spectrophotometry and Light-Scattering

Newtonian Viscosity

911 , Non-Newtonian Rheology

913 , and Scanning Electron Microscopy

401 , Light Diffraction
841 , Specific Surface

851 , Thermal Analysis

891 ,

912 , Rolling Ball Viscometer Method

1181 .

Functional Category: Antimicrobial Preservative
Description: Antimicrobial preservatives are used to kill or prevent growth of bacteria, yeast,
and mold in the dosage form.
Functional Mechanism: Preservatives work by a variety of mechanisms to control microbes.
Most work at the cell membrane, causing membrane damage and cell leakage. Other modes of
action include transport inhibition, protein precipitation, and proton-conducting uncoupling.
Some preservatives are bactericidal (kill bacteria or yeast and mold); some are bacteriostatic
(inhibit growth of microorganisms); and others are sporicidal (kill spores). Several of the
preservatives can act synergistically (e.g., combinations of parabens).
Physical Properties: Antimicrobials generally are soluble in water at concentration ranges at
which they are effective. The vapor pressure of these agents is important, especially if the
dosage form is intended for lyophilization or spray drying. Several of these agents are
flammable. Understanding an excipient's partition coefficient is important because partitioning of
a preservative into an oil phase can diminish the preservative's concentration in the aqueous
phase, which in turn can reduce its value as a preservative.
Chemical Properties: Phenolic preservatives can undergo oxidation and color formation.
Incompatibilities of preservatives (cationic and anionic mixtures, adsorption to tubes or filters,
or binding to surfactants and proteins) should be taken into account during product
development.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected antimicrobial functions: Injections

1 , Antimicrobial Effectiveness Testing

Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests

51 ,

61 ,

Microbiological Examination of Nonsterile Products: Tests for Specified Microorganisms
and Antimicrobial Agents—Content

62 ,

341 .

Other Information: Safety and labeling requirements regarding the use of antimicrobial
preservatives should be considered.
Functional Category: Chelating and/or Complexing Agents
Description: Chelating agents form soluble complex molecules with certain metal ions (e.g.,
copper, iron, manganese, lead, and calcium) and essentially remove the ions from solution to
minimize or eliminate their ability to react with other elements and/or to precipitate. The agents
are used in pharmaceuticals (oral, parenteral, and topical formulations), cosmetics, and foods
to sequester ions from solution and to form stable complexes. Chelating agents also are
referred to as chelants, chelators, or sequestering agents.
Complexing agents form soluble complex molecules (e.g., inclusion complexes) with other
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solutes (e.g., drug substances) and can influence physical and chemical properties such as
solubility and stability.
Functional Mechanism: Chelating agents are used to sequester undesirable metal ions from
solution. The chemical structure of chelating agents allows them to act as a “claw” to
associate with the metal atom by forming a heterocyclic ring structure. Complexing agents
function similarly but mechanistically and do not (by definition) require a two-point claw
structure because they can associate via one or more binding sites. All chelating agents are
complexing agents but not all complexing agents are chelating agents. Chelating agents are
used as antioxidant synergists, antimicrobial synergists, and water softeners. By sequestering
metal ions from solution, chelating agents reduce the propensity for oxidative reactions.
Chelating agents also have the ability to enhance antimicrobial effectiveness by forming a
metal-ion–deficient environment that otherwise could feed microbial growth.
Complexing agents generally form soluble complex molecules with solutes (e.g., drug molecules)
that can influence physical, chemical, and drug delivery properties. Complexing agents that
form inclusion complexes typically contain a hydrophobic cavity into which a drug substance
can enter and an outer, more hydrophilic region.
Physical Properties: Chelating and complexing agents generally are soluble in water and
typically are dissolved in liquid dosage forms. Physical properties may be important and should
be considered because they may influence processing requirements (e.g., particle size may
influence mixing time required to dissolve). Chelating and complexing agents exhibit different
degrees of hygroscopicity. Because chelating agents are used in low levels, particle size
distribution can be important to enable acceptable dosage form content uniformity.
Chemical Properties: Chelating agents complex with metal ions via any combination of ionic
and covalent bonds. Dilute aqueous solutions may be neutral, acidic, or alkaline. Edetic acid
and its salts are incompatible with strong oxidizers, strong bases, and polyvalent metal ions
(e.g., copper and nickel). Specific agents are selected for a formulation based on their
solubility, affinity for the target metal ion, and stability. Edetate salts are more soluble than the
free acid. Unlike other edetate salts and the free acid, edetate calcium disodium does not
sequester calcium and therefore is preferred to prevent hypocalcemia. It is also preferred to
chelate heavy metals with the release of calcium ions. Alternatively, disodium edetate can be
used to treat hypercalcemia. Edetic acid will decarboxylate if heated above 150 .
Complexing agents generally form molecular complexes with drug substances that are
dependent on complexing agent physical and chemical properties. The ability of a solute to form
an inclusion complex is dependent on complexing agent molecular weight, chemical structure,
and the dimensions of the hydrophobic cavity.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected chelating and complexing functions: Antimicrobial Effectiveness Testing

51 ,

Microbiological Examination of Nonsterile Products: Microbial Enumeration Tests

61 , Heavy

Metals

231 , Iron

241 , Lead

251 , Antimicrobial Agents—Content

Diffraction Measurement of Particle Size
Determination
Products

429 , Loss on Drying

921 , Biotechnology-Derived Articles

341 , Light

731 , pH

791 , Water

1045 , and Cellular and Tissue-Based

1046 .
Functional Category: Antioxidant
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Description: This category applies to antioxidants used as in vitro stabilizers of pharmaceutical
preparations to mitigate oxidative processes. Antioxidants used for their biological activity in
vivo may be regarded as active ingredients with therapeutic effects and are not discussed.
Antioxidants delay the onset of and/or significantly reduce the rate of complex oxidative
reactions that could otherwise have a detrimental effect on the drug substance. Antioxidants
also can be considered for protecting nonactive components such as unsaturated oils,
pegylated lipids, flavors, and essential oils. Thus antioxidants preserve the overall integrity of
the dosage form against oxidative stress. Antioxidants are most effective when incorporated in
the formula to prevent or delay the onset of chain reactions and to inhibit free radicals and
hydroperoxides from engaging in the cascading processes described above. Effective
application of antioxidants and evaluation of their efficacy necessitate an understanding of
oxidative mechanisms and the nature of the byproducts they generate. Autoxidation is initiated
when oxygen reacts with a substrate to form highly reactive species known as free radicals (RH
® R·). After “initiation” the free radicals in the presence of oxygen can trigger chain reactions
(R·+ O2 ® ROO·and ROO·+ RH ® R·+ ROOH) to form peroxy radicals, hydroperoxides, and new
alkyl radicals that can initiate and then propagate their own chain reactions. The cascading
reactions during the propagation phase can be accelerated by heat, light, and metal catalysts.
In the presence of trace amounts of metal catalysts (Cu+, Cu2+, Fe2+, and Fe3+),
hydroperoxides (ROOH) readily decompose to RO·and ROO·and subsequently can trigger
reactions with the API and/or the excipients (e.g., hydrocarbons) to form hydroxyl acids, keto
acids, and aldehydes that can have further undesirable effects. Note that hydroperoxides are
not solely the reaction products of oxidative mechanisms within a formulation. Residual amounts
of hydroperoxides also can be found in commonly used excipients like polyethylene glycols,
polyvinlypyrrolidone, and polysorbates. The initiation phase generally is slow and has a limited
effect on the quality of the finished product. The propagation phase, in contrast, involves
rapid, irreversible degradation of chemical species.
Functional Mechanism: Antioxidants can be grouped by their mode of action. Phenolic
antioxidants that block free radical chain reactions also are known as true or primary
antioxidants. This group consists of monohydroxy or polyhydroxy phenol compounds with ring
substitutions. They have very low activation energy to donate hydrogen atom(s) in exchange
for the radical electrons that are rapidly delocalized by free radicals. By accepting the radical
electrons, they stabilize free radicals. The reaction yields antioxidant free radicals that also can
react with lipid free radicals to form other stable compounds. Thus they can block oxidative
chain reactions both in the initiation and propagation stages. Because of their solubility
behavior, phenolic antioxidants are most effective in protecting oils and oil-soluble actives
against oxidative stress. Reducing agents generally are water-soluble antioxidants (e.g., lascorbic acid) with lower redox potential than the drug or the excipient they are protecting.
They delay the onset and the rate of oxidative reactions by sacrificially reacting with oxygen
and other reactive species. The oxygen-scavenging potential of the reducing agents may be
sensitive to pH and also can be negatively affected in the presence of trace metals. Chelating
agents bind with free metals (Cu+, Cu2+, Fe2+, and Fe3+) that may be present in trace
amounts in the formulation. The newly formed complex ions are nonreactive. Chelating agents
therefore remove the capacity of the metal catalysts to participate in oxidative reactions that
occur during the propagation stage.
The utility of antioxidants can be maximized by synergistic use of one or two primary
antioxidants along with reducing and chelating agents. The combined effect often is greater
than the sum of the individual effects of each antioxidant (synergistic effect).
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Physical Properties: Solubility of the antioxidant should be greatest in the formulation phase
(oily, aqueous, or emulsion interface) where the drug substance is most soluble. The
temperature at which the antioxidant decomposes is critical for autoclaved preparations where
loss of antioxidant activity may occur. Stability of the antioxidant also must be considered and
may be a function of pH and processing conditions. Metal ions may react with propyl gallate to
form colored complexes. At alkaline pH, certain proteins and sodium salts may bring about
discoloration of tert-butylhydroquinone.
Chemical Properties: Activation energy, oxidation–reduction potential, and stability at
different formulation (e.g., pH) and processing (e.g., heat) conditions are important chemical
properties. If the dosage form's expected shelf life depends on the antioxidant's function, the
concentration must be factored in and periodically assessed to ensure that a sufficient amount
of antioxidant remains but does not exceed safety limits.
General Chapters: The following general chapters may be useful for assessing selected
excipient antioxidant functions: Iron
Melting Range or Temperature
Determination

241 , Chromatography

741 , Specific Surface Area

621 , Crystallinity

695 ,

846 , and Water

921 .
Functional Category: Sweetening Agent

Description: Sweetening agents are used to sweeten oral dosage forms and to mask
unpleasant flavors. See Functional Category: Flavor and Fragrance for more details.
Functional Mechanism: Sweetening agents bind to receptors on the tongue that are
responsible for the sensation of sweetness. The longer the sweetener molecule remains
attached to the receptor, the sweeter the substance is perceived to be. The standard for
sweetness is sucrose.
Physical Properties: The primary physical properties relevant to sweeteners relate to their
compatibility with the other ingredients in the formulation (e.g., acidic ingredients), processing
conditions (e.g., heating), particle size and distribution, moisture content, isomerism,
sweetness, and taste-masking capability. These properties may be formulation dependent.
Chemical Properties: Sweeteners can be divided into three main groups: sugars (which have a
ring structure), sugar alcohols (sugars that do not have a ring structure), and artificial
sweeteners. All sweeteners are water soluble. The stability of many sweeteners is affected by
pH and other ingredients in the formulation. Some sweeteners may catalyze the degradation of
some active ingredients, especially in liquids and in cases in which the manufacturing processes
involve heating.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected sweetening functions: Light Diffraction Measurement of Particle Size
Drying

731 , Melting Range or Temperature

Determination

741 , Optical Rotation

429 , Loss on

781 , and Water

921 .

Other Information: Products that contain aspartame must include a warning on the label
stating that the product contains phenylalanine. Sugar alcohols have a glycemic index well
below that of glucose. However, sorbitol is slowly metabolized to fructose and glucose, which
raises blood sugar levels. Sugar alcohols in quantities generally greater than 20 g/day act as an
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osmotic laxative, especially when they are contained in a liquid formulation. Preservative
systems should be carefully chosen to avoid incompatibility with the sweetener, and some
sweeteners are incompatible with certain preservatives.
SEMISOLIDS, TOPICALS, AND SUPPOSITORIES
Functional Category: Suppository Base
Description: Suppository bases are used in the manufacture of suppositories (for rectal
administration) and pessaries (for vaginal administration). They can be hydrophobic or
hydrophilic.
Functional Mechanism: Suppositories should melt at just below body temperature (37 ),
thereby allowing the drug to be released either by erosion and partition if the drug is dissolved
in the base or by erosion and dissolution if the drug is suspended in the base. Hard fat
suppository bases melt at approximately body temperature. Hydrophilic suppository bases also
melt at body temperature and typically also dissolve or disperse in aqueous media. Thus release
takes place via a combination of erosion and dissolution.
Physical Properties: The important physical characteristic of suppository bases is melting
range. In general suppository bases melt between 27 and 45 . However, individual bases
usually have a much narrower melting range within these temperature boundaries, typically 2 –
3 . The choice of a particular melting range is dictated by the influence of the other
formulation components on the melting range of the final product.
Chemical Properties: Hard fat suppository bases are mixtures of semisynthetic triglyceride
esters of longer-chain fatty acids. They may contain varying proportions of mono- and
diglycerides and also may contain ethoxylated fatty acids. They are available in many different
grades that are differentiated by melting range, hydroxyl number, acid value, iodine value,
solidification range, and saponification number.
Hydrophilic suppository bases are mixtures of hydrophilic semisolid materials that in combination
are solid at room temperature and yet release the drug by melting, erosion, and dissolution
when administered to the patient. Hydrophilic suppository bases have much higher levels of
hydroxyl groups or other hydrophilic groups than do hard fat suppository bases. Polyethylene
glycols that show appropriate melting behavior are examples of hydrophilic suppository bases.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected suppository base functions: Fats and Fixed Oils
651 , Melting Range or Temperature

401 , Congealing Temperature

741 , and Pharmaceutical Dosage Forms

1151 .

Other Information: Some materials included in suppositories based on hard fats have much
higher melting ranges. These materials typically are microcrystalline waxes that help stabilize
molten suspension formulations. Suppositories also can be manufactured from glycerinated
gelatin.
Functional Category: Suspending and/or Viscosity-increasing Agents
Description: Suspending and viscosity-increasing agents are used in pharmaceutical
formulations to stabilize disperse systems (e.g., suspensions or emulsions), to reduce the rate
of solute or particulate transport, or to decrease the fluidity of liquid formulations.
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Functional Mechanism(s): A number of mechanisms contribute to the dispersion stabilization or
viscosity-increasing effect of these agents. The most common is the increase in viscosity—
because of the entrapment of solvent by macromolecular chains or clay platelets—and the
disruption of laminar flow. Other mechanisms include gel formation via a three-dimensional
network of excipient molecules or particles throughout the solvent continuum and steric
stabilization wherein the macromolecular or mineral component in the dispersion medium adsorbs
to the surfaces of particles or droplets of the dispersed phase. The latter two mechanisms
increase formulation stability by immobilizing the dispersed phase.
Physical Properties: Each of the mechanisms—increased viscosity, gel formation, or steric
stabilization—is a manifestation of the rheological character of the excipient. Because of the
molecular weights and sizes of these excipients, the rheological profiles of their dispersions are
non-Newtonian. Dispersions of these excipients display viscoelastic properties. The molecular
weight distribution and polydispersity of the macromolecular excipients in this category are
important criteria for their characterization.
Chemical Properties: The majority of the suspending and viscosity-increasing agents are (1)
hydrophilic carbohydrate macromolecules (acacia, agar, alginic acid, carboxymethylcellulose,
carrageenans, dextrin, gellan gum, guar gum, hydroxyethyl cellulose, hydroxypropyl cellulose,
hypromellose, maltodextrin, methylcellulose, pectin, propylene glycol alginate, sodium alginate,
starch, tragacanth, and xanthan gum) and (2) noncarbohydrate hydrophilic macromolecules,
including gelatin, povidone carbomers, polyethylene oxide, and polyvinyl alcohol. Minerals (e.g.,
attapulgite, bentonite, magnesium aluminum silicate, and silicon dioxide) comprise the secondlargest group of suspending and viscosity-increasing agents. Aluminum monostearate is the one
non-macromolecular, nonmineral excipient in this functional category. It consists chiefly of
variable proportions of aluminum monostearate and aluminum monopalmitate.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected viscosity-increasing functions: Newtonian Viscosity
912 , and Rolling Ball Viscometer Method

911 , Non-Newtonian Rheology

913 .

Functional Category: Ointment Base
Description: An ointment is a viscous semisolid preparation used topically on a variety of body
surfaces. An ointment base is the major component of an ointment and controls its physical
properties.
Functional Mechanism: Ointment bases serve as vehicles for topical application of medicinal
substances and also as emollients and protective agents for skin.
Physical Properties: Ointment bases are liquids with a relatively high viscosity so that solids
can be suspended as a stable mixture.
Ointment bases are classified as (1) oleaginous ointment bases that are anhydrous, do not
absorb water readily, are insoluble in water, and are not removable by water (e.g., petrolatum);
(2) absorption ointment bases that are anhydrous and absorb some water but are insoluble in
water and are not water removable (e.g., lanolin); (3) emulsion ointment bases that are waterin-oil or oil-in-water emulsions and are hydrous, absorb water, and are insoluble in water (e.g.,
creams of water, oils, waxes, or paraffins); and (4) water-soluble ointment bases that are
anhydrous and absorb water and are soluble in water and are water removable (e.g.,
polyethylene glycol).
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Chemical Properties: Ointment bases are selected to be inert and chemically stable.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected ointment base functions: Congealing Temperature
, Non-Newtonian Rheology

651 , Newtonian Viscosity

912 , and Rolling Ball Viscometer Method

911

913 .

Functional Category: Stiffening Agent
Description: A stiffening agent is an agent or a mixture of agents that increases the viscosity
or hardness of a preparation, especially in ointments and creams.
Functional Mechanism: In general, stiffening agents are high melting point solids that increase
the melting point of ointments or increase the consistency or body of creams. Stiffening agents
can be either hydrophobic (e.g., hard fat or paraffin) or hydrophilic (e.g., polyethylene glycol,
high molecular weight).
Physical Properties: The primary physical property relevant to stiffening agents is their high
melting point or melting range. Typical melting ranges for stiffening agents range from 43 to 47
(cetyl esters wax), 53 to 57 (glyceryl distearate), 69 to 74 (glyceryl behenate), and 85
to 88 (castor oil, hydrogenated).
Chemical Properties: Stiffening agents comprise a diverse group of materials that include
glycerides of saturated fatty acids, solid aliphatic alcohols, esters of saturated fatty alcohols
and saturated fatty acids, saturated hydrocarbons, blends of fatty alcohols and a
polyoxyethylene derivative of a fatty acid ester of sorbitan, and higher ethylene glycol
polymers.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected stiffening agent functions: Congealing Temperature
Temperature

741 , Newtonian Viscosity

Rolling Ball Viscometer Method

651 , Melting Range or

911 , Non-Newtonian Rheology

912 , and

913 .

Other Information: Some of the materials included as stiffening agents increase the waterholding capacity of ointments (e.g., petrolatum) or function as co-emulsifiers in creams.
Examples include stearyl alcohol and cetyl alcohol.
Functional Category: Emollient
Description: Emollients are excipients used in topical preparations to impart lubrication,
spreading ease, texture, and softening of the skin and to counter the potentially
drying/irritating effect of surfactants on the skin.
Functional Mechanism: Emollients help form a protective film and maintain the barrier function
of the epidermis. Their efficacy may be described by three mechanisms of action: protection
against the delipidizing and drying effects of surfactants, humectancy due to occlusion (by
providing a layer of oil on the surface of the skin, emollients slow water loss and thus increase
the moisture-retention capacity of the stratum corneum), and lubricity, adding slip or glide to
the preparation.
Physical Properties: Emollients impart one or more of the following attributes to a
pharmaceutical preparation: spreading capacity, pleasant feel to the touch, softness of the
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skin, and indirect moisturization of the skin by preventing transepidermal water loss.
Chemical Properties: Emollients are either oils or are derived from components of oils as esters
of fatty acids. Depending on the nature of its fatty acid ester, an emollient may be liquid,
semisolid, or solid at room temperature. Generally, the higher the molecular weight of the fatty
acid moiety (carbon chain length) the richer the feel and softness of the touch. Fluidity
generally is imparted by shorter chain length and higher degree of unsaturation in the fatty acid
moiety. The degree of branching of ester bonds also influences the emollient properties.
General Chapter: The following general chapter may be useful in ensuring consistency in
selected emollient functions: Fats and Fixed Oils

401 .

PARENTERALS
Functional Category: Pharmaceutical Water
Description: Water is used as a solvent, vehicle, diluent, or filler for many drug products,
especially those supplied in liquid form. These may include injectable drugs, ophthalmic drugs,
oral solutions, inhalation solutions, and others. Water also is a vehicle for buffers and
antimicrobial agents and is a volume expander for infusion solutions. Its uses in dosage form
preparation also may include granulation preparation for solid oral dosage forms and applications
in the preparation of ointments and gels.
USP includes monographs for eight grades of pharmaceutical waters. One of these types of USP
water, Purified Water, is always the water of choice when pharmaceutical scientists prepare a
pharmaceutical dosage form for human or animal use. However, USP also contains references to
other types of water, such as distilled water, deionized water, and others according to specific
use as summarized in general information chapter Water for Pharmaceutical Purposes

1231 .

Functional Mechanism: A solvent is able to dissolve materials because it is able to disrupt the
intermolecular attractive forces and to allow the individual molecules to become dispersed
throughout the bulk solvent. Water is a favored solvent and vehicle in the majority of
applications because it is easy to handle, safe, and inexpensive.
Physical Properties: Water is liquid at normal temperature and pressure. It forms ice at the
freezing temperatures of 0 or lower, and it vaporizes at a normal boiling temperature of 100 ,
depending on atmospheric pressure. Vaporized water in the form of steam is used for
sterilization purposes because the latent heat of steam is significantly higher than that of
boiling water.
Chemical Properties: Water in its pure form is neutral in pH and has very low conductivity and
total organic carbon (TOC). However, pH, conductivity, and TOC are affected by storage
conditions and exposure to gases in the air. Exposure to atmospheric carbon dioxide lowers
water's pH. Storage in plastic containers may increase the TOC content of water over time.
Water stored in glass containers may result in an increase in pH and conductivity over time.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected pharmaceutical water functions: Injections
Total Organic Carbon

643 , Water Conductivity

1230 , and Water for Pharmaceutical Purposes

1 , Bacterial Endotoxins Test

85 ,

645 , Water for Hemodialysis Applications
1231 .
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Functional Category: Bulking Agent
Description: Bulking agents or diluents used in lyophilized pharmaceuticals, also referred to as
freeze-dried products, include various saccharides, sugar alcohols, amino acids, and polymers.
The primary function of bulking agents is to provide a pharmaceutically elegant freeze-dried
cake with noncollapsible structural integrity that will reconstitute rapidly before administration.
In addition, bulking agents are selected to prevent product loss caused by blow-out during
freeze drying, to facilitate efficient drying, and to provide a physically and chemically stable
formulation matrix. Complementary combinations of bulking agents, e.g., mannitol and a
polymer, frequently are used to improve performance.
Functional Mechanisms: A bulking agent that readily crystallizes during lyophilization helps
maintain the structural integrity of the cake formed during primary drying, thereby preventing
macroscopic collapse and maintaining pharmaceutical elegance. Microscopic collapse of
amorphous components in the formulation can still occur (with some potentially undesirable
results) but does not result in macroscopic collapse or meltback if the bulking agent's
properties and concentration are adequate. The bulking agent also should possess a high
eutectic melting temperature with ice to permit relatively high primary drying temperatures with
commensurate rapid and efficient drying and subsequent rapid reconstitution upon usage.
Functional cake-forming excipients such as mannitol frequently are used because they
crystallize during freezing, thereby allowing efficient drying and the formation of a structurally
robust and stable cake. Amino acids and cosolvents also have been used to achieve this
effect. Most biopolymer active ingredients remain amorphous upon freeze-drying, and bulking
agents such as disaccharides can function as lyoprotectants by helping to maintain a stable
amorphous phase during freezing and drying to prevent denaturation. Solubility enhancement of
an insoluble crystalline active ingredient sometimes is achieved with the use of a biopolymer
that enhances solubility or prevents crystallization during lyophilization or subsequent
reconstitution. Bulking agents also are selected on the bases of biocompatibility, buffering
capability, and tonicity-modifying properties.
Lyoprotectant properties of lyophilization diluents (i.e., those that protect the drug substance
during lyophilization) typically are achieved by the formation of a highly viscous glassy phase
that includes the biopolymer drug substance in combination with low molecular weight
amorphous saccharides such as sucrose, trehalose, or certain amino acids. A typical approach
for protein pharmaceutical formulation is to combine a sugar alcohol that readily crystallizes and
an amorphous diluent. This mixture acts as a lyoprotectant.
Physical Properties: Bulking agents are dissolved in aqueous solution before lyophilization.
Therefore chemical purity and the absence of bioburden and pyrogenic materials are essential
properties of the excipient. However, the physical form and particle properties of the excipient
generally are not relevant to the final properties of the lyophilized formulation. The solubilization
process and the drying process can be facilitated by the use of volatile co-solvents such as
ethanol or tertiary butyl alcohol.
The physical properties that are essential to product performance during and after lyophilization
include the glass transition temperature (T g) of the amorphous frozen concentrate before
drying, the glass transition temperature of the final dried formulation cake, and the eutectic
melting temperature of the crystalline bulking agent with ice. The glass transition temperature
(T g) of the formulation depends on the glass transition temperatures of the individual
components, concentrations, and interactions. Although approximations can be made based on
reported transition temperatures for individual components, current practice includes the

PF 38(5): Sep.-Oct. 2012

120

measurement of formulation glass transition temperatures by thermal analysis or freeze-drying
microscopy.
The physical states of the bulking agent during and after lyophilization are important physical
properties. Both formulation composition and processing parameters play roles in determining
whether the bulking agent is amorphous or takes a specific crystalline form. Rate of freezing,
drying temperatures, and annealing are among the important process parameters used to
control the physical state of the formulation and its components. Moisture retention and
adsorption after lyophilization also can contribute to formulation instability and poor
reconstitution.
Chemical Properties: Reactivity of the bulking agent with other formulation components,
especially the active ingredient, may be critical. Reducing sugars are well known to react with
aromatic and aliphatic amines. Glycols may contain trace peroxide levels that can initiate
oxidative degradation. The ability of saccharides and polyhydric alcohols to form hydrogen
bonds to biopolymers may play a role in their lyoprotection effects.
General Chapters: The following general chapters may be useful in ensuring consistency in
selecting bulking agent functions: Injections
Determination by Solution Calorimetry
Derived Articles

1045

1 , Crystallinity

696 , Thermal Analysis

695 , Crystallinity
891 , Biotechnology-

(see Product Formulation section), Pharmaceutical Dosage Forms

1151 , and Water–Solid Interactions in Pharmaceutical Systems

1241 .

Functional Category: Tonicity Agent
Description: To avoid crenation or hemolysis of red blood cells and to mitigate pain and
discomfort if solutions are injected or introduced into the eyes and nose, solutions should be
made isotonic. This requires that the effective osmotic pressure of solutions for injection must
be approximately the same as that of blood. When drug products are prepared for
administration to membranes such as eyes or nasal or vaginal tissues, solutions should be made
isotonic with respect to these tissues.
Functional Mechanism: Tonicity is equal to the sum of the concentrations of the solutes that
have the capacity to exert an osmotic force across a membrane and thus reflects overall
osmolality. Tonicity applies to the impermeant solutes within a solvent—in contrast to
osmolarity, which takes into account both permeant and impermeant solutes. For example, urea
is a permeant solute, meaning that it can pass through the cell membrane freely and is not
factored when determining the tonicity of a solution. In contrast, sodium chloride is impermeant
and cannot pass through a membrane without the help of a concentration gradient and
therefore contributes to a solution's tonicity.
Physical Properties: Solutions of sodium chloride, dextrose, and Lactated Ringer's are common
examples of pharmaceutical preparations that contain tonicity agents. Not all solutes contribute
to the tonicity, which in general depends only on the number of solute particles present in a
solution, not the kinds of solute particles. For example, mole for mole, sodium chloride solutions
display a higher osmotic pressure than glucose solutions of the same molar concentration. This
is because when glucose dissolves it remains one particle, but when sodium chloride dissolves it
becomes two particles: Na+ and Cl .
Chemical Properties: Tonicity agents may be present as ionic or nonionic types. Examples of
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ionic tonicity agents are alkali metal or earth metal halides such as CaCl2 , KBr, KCl, LiCl, NaI,
NaBr or NaCl, Na2 SO4 , or boric acid. Nonionic tonicity agents include glycerol, sorbitol, mannitol,
propylene glycol, or dextrose. Sodium or potassium chloride and dextrose commonly are added
to adjust tonicity. Several methods are available to calculate tonicity. The sodium chloride
equivalent method is most convenient: The sodium chloride equivalent of a substance can be
determined from its ability to lower the freezing point of water. A 1% sodium chloride solution
has a freezing point of

0.58 and is assigned a sodium chloride equivalent, E, of 1.00. The

freezing point of blood (serum) is

0.52 , the same as a 0.9% w/v solution of sodium chloride.

If a 1% solution of a substance has a freezing point of 0.058 , the E value is 0.1. In the
absence of a sodium chloride equivalent, analysts use the Liso method: The Liso is the value at
which a specific compound type is isotonic with blood. It is related to the sodium chloride
equivalent in the following manner:
E = 17 Liso/M
where M is the molecular weight of the substance.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected tonicity agent functions: Injections

1 , Biotechnology-Derived Articles

(see Product Formulation section), Pharmaceutical Dosage Forms

1151

1045

(see Ophthalmic

Preparations section), and Pharmaceutical Calculations in Prescription Compounding

1160 .

AEROSOLS
Functional Category: Propellant
Description: Propellants are compounds that are gaseous under ambient conditions. They are
used in pharmaceuticals (nasal sprays and respiratory and topical formulations), cosmetics, and
foods to provide force to expel contents from a container.
Functional Mechanism: Propellant substances are low boiling point liquids or compressed gases
that are relatively inert toward active ingredients and excipients. They can be characterized by
three properties: whether they form a liquid phase at ambient temperatures and useful
pressures, their solubility and/or miscibility in the rest of the formulation, and their flammability.
Their performance is judged by their ability to provide adequate and predictable pressure
throughout the usage life of the product.
Propellants that have both a liquid and gas phase in the product provide consistent pressures
as long as there is liquid phase present—the pressure in the headspace is maintained by the
equilibrium between the two phases. In contrast, the pressure provided by propellants that
have no liquid phase may change relatively rapidly as the contents of the container are
expelled. As the headspace becomes larger, the pressure within the container falls
proportionately. Propellants that have no liquid phase but have significant pressure-dependent
solubility in the rest of the formulation have performance characteristics between those of the
other two systems. In such cases, as the headspace increases the propellant comes out of
solution to help to maintain the pressure of the system.
In metered-dose inhalers the propellant has a liquid phase that is an integral part of the
dispensed pharmaceutical product. Actuating the metering valve dispenses a defined volume of
the liquid contents. The propellant spontaneously boils and provides atomizing and propulsive

PF 38(5): Sep.-Oct. 2012

122

force. A predictable change in active concentration occurs from the beginning to the end of
the container life cycle as the liquid phase of the propellant vaporizes to reestablish the
equilibrium pressure of the system as the headspace increases.
Physical Properties: Propellants have boiling points well below ambient temperatures. A
propellant's density for disperse systems and its solubility properties may be significant
considerations when one selects a propellant. Apaflurane and norflurane have liquid-phase
densities that are greater than that of water. Hydrocarbon propellants (butane, isobutane, and
propane) and dimethyl ether have liquid-phase densities that are less than that of water.
Chemical Properties: Propellants typically are stable materials. The hydrocarbon propellants
(butane, isobutene, and propane) and dimethyl ether are all flammable materials. Apaflurane,
carbon dioxide, nitrogen, and norflurane are nonflammable. Nitrous oxide is not flammable but
supports combustion. Chlorofluorocarbon propellants are considered to be ozone-depleting
substances. Their use in foods, drugs, devices, or cosmetics is regulated by 21 CFR 2.125.
Albuterol metered-dose inhalers formulated with chlorofluorocarbon propellants have not been
available in the United States since January 1, 2009.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected propellant functions: Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder
Inhalers

601 , Chromatography

621 , and Water Determination

921 .

DRY POWDER INHALERS
Dry powder inhalers (DPIs) commonly contain few functional excipients. For example, DPIs may
contain a carrier and may use a capsule shell. Other useful excipients include glidants to
improve flow during manufacture of the active carrier mix. A discussion of the use of a lubricant
can be found in the tablet or capsule sections above in addition to the carrier properties
discussed below.
Functional Category: Carrier
Description: Carriers are used to help deposit the active ingredient in the lung and may have a
secondary role in diluting the active to ensure that dosages can be properly metered.
Functional Mechanism: The carriers are used to promote drug deposition into the lungs for
better penetration or absorption in the appropriate lung location. In addition, the carrier is used
to decrease the concentration of the active so the latter is adequately dosed in a uniform
manner.
Physical Properties: The physical properties of carriers include appropriate morphology,
hydration state, flowability, and particle size distribution.
Chemical Properties: Carriers must have suitable purity, including low microbial content and no
extraneous proteins or impurities, in order to avoid interactions with the patient's immune
system.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected carrier functions: Microbiological Examination of Nonsterile Products: Microbial
Enumeration Tests

61 , Microbiological Examination of Nonsterile Products: Tests for
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Specified Microorganisms
Particle Size

62 , Heavy Metals

429 , Nitrogen Determination

Inhalers, and Dry Powder Inhalers
, Crystallinity
Solids

231 , Light Diffraction Measurement of
461 , Aerosols, Nasal Sprays, Metered-dose

601 , Bulk Density and Tapped Density of Powders

695 , Crystallinity Determination by Solution Calorimetry

699 , Loss on Drying

696 , Density of

731 , Optical Microscopy

776 , Particle Size Distribution

786 , Powder Fineness

811 , Spectrophotometry and

Estimation by Analytical Sieving
Light-scattering

616

851 , Water Determination

921 , Characterization of Crystalline and

Partially Crystalline Solids by X-ray Powder Diffraction (XRPD)

941 , and Powder Flow

1174

.
Functional Category: DPI Capsule Shells
Description: Capsule shells sometimes are used in DPIs. The capsule shell is used to contain
the dosage amount and safeguard the inhalable powder in a DPI.
Functional Mechanism: The use of capsule shell may speed pharmaceutical development
because it does not require a complex device and can use premeasured drug substance or
formulation. A capsule shell must not fragment into inhalable portions and should remain intact
after the shell breaks to expose the powder for inhalation.
Physical Properties: Capsule shell composition generally is dictated by the drug substance's
moisture content, brittleness, and electrostatic interactions with the inhalable powder.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected DPI capsule shell functions: Microbiological Examination of Nonsterile Products:
Microbial Enumeration Tests

61 , Microbiological Examination of Nonsterile Products: Tests

for Specified Microorganisms

62 , Arsenic

211 , Heavy Metals

231 , Residue on Ignition

281 , Aerosols, Nasal Sprays, Metered-Dose Inhalers, and Dry Powder Inhalers
Disintegration

701 , Dissolution

711 , Loss on Drying

Particle Size Distribution Estimation by Analytical Sieving
905 , Water Determination
of Gelatin

601 ,

731 , Optical Microscopy

776 ,

786 , Uniformity of Dosage Units

921 , Color—Instrumental Measurement

1061 , Gel Strength

1081 , and Water–Solid Interactions in Pharmaceutical Systems

1241 .

OPHTHALMIC PREPARATIONS
Functional Category: Antimicrobial Preservatives
Description: The preservative system acts as a safeguard to kill or inhibit the growth of
microorganisms that may be inadvertently introduced in the product after the manufacturing
process either during storage or use.
Functional Mechanism: Antimicrobial preservatives work by a number of mechanisms.
Quaternary ammonium compounds affect microbial cell membranes via charge interactions with
phospholipids, leading to disruption of the cell membrane. Parabens also disrupt cell membrane
integrity. Alcohols such as chlorbutanol and benzyl alcohol work via lipid (membrane) solvation
and protein denaturation. N-[3-(dimethylamino)propyl]tetradecanamide has greater
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antimicrobial effectiveness toward fungi and protozoa than do quaternary ammonium
compounds. Like quaternary ammonium compounds, it disrupts plasma membrane integrity.
Sorbic acid works by reduction of the sulfhydryl groups of proteins. Hypochlorite is a strong
oxidizing agent. Reactions of chloramines with the amine groups of proteins can cause changes
in conformation and thus loss of protein activity. Chlorine released by these reactions can react
with cellular constituents such as proteins and lipid. Polyaminopropyl biguanide accumulates in
the cell membrane, blocking the entry of nutrients.
Physical Properties: To serve as an ophthalmic antimicrobial preservative, a compound should
be at least sparingly soluble in water, thus providing an appreciable range of usable
concentrations.
Chemical Properties: A preservative must be compatible with the active and inactive
ingredients of the finished product. For example, quaternary ammonium compounds are
incompatible with anionic surfactants. Benzyl alcohol is incompatible with oxidizing agents.
Chlorbutanol is incompatible with some non-ionic surfactants. Compatibility between compounds
varies with the pH of the formula. The preservative should be stable in solution at the
formulation pH, usually from 5 to 8. Formulation pH can affect preservative activity by
influencing how the preservative partitions between the formulation and microbes and how the
preservative interacts with the target sites of the microbial cell. For example, preservatives
that must pass through cell membranes before exerting activity should be formulated at a pH at
which the preservative is mainly in its un-ionized state.
General Chapters: The following general chapters may be useful in ensuring consistent
functions of selected antimicrobial preservatives: Antimicrobial Effectiveness Testing
Sterility Tests

71 , Bulk Density and Tapped Density of Powders

621 , Density of Solids
, Powder Flow

699 , Loss on Drying

616 , Chromatography

731 , Pharmaceutical Dosage Forms

1174 , Sterilization and Sterility Assurance of Compendial Articles

and Validation of Microbial Recovery from Pharmacopeial Articles

51 ,
1151
1211 ,

1227 .

Functional Category: Polymers for Ophthalmic Use
Description: Polymers are used in ophthalmic preparations to enhance the retention of active
ingredients by reducing the amount of product that is lost from the eye when the patient
blinks. In addition, polymers also can be components of artificial tears. Most water-soluble
polymers commonly used as film-forming agents in ophthalmic preparations can be categorized
as follows: (1) cellulose-based substances, (2) biologically produced gums, and (3)
synthetically produced substances.
Functional Mechanism: Film-forming agents for ophthalmic preparations can enhance the
retention of active ingredients in the eye by a number of mechanisms. They can be used as
simple viscosity-modifying agents to reduce the flow of the product, thereby slowing the rate
of product loss after administration. They also can be used to form films on the surface of the
eye so the drug remains deposited on the eye after the liquid portion of the product has been
expelled or has evaporated. These agents can be formulated to produce a film or a gel when
the product warms to body temperature (upon contacting the surface of the eye), mixing with
the tear film, and/or evaporating. Some polymers have shown bio-adhesive properties on the
cornea and can increase drug retention.
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Physical Properties: To serve as an ophthalmic film-forming agent, a polymer typically must be
at least slightly soluble in water, thus providing an appreciable range of usable concentrations.
Such polymers often increase viscosity or exhibit film- or gel-forming properties when warmed
to body temperature, when exposed to the pH or solute composition and ionic strength of the
tear film, or when the product evaporates.
Chemical Properties: The finished product viscosity range that can be obtained with a filmforming agent is related to its chemical structure and molecular weight. Functional groups such
as the pyruvate and acetate groups of xanthan gum can affect the relationship between
viscosity and solution pH and ionic strength and also can determine film- and gel-forming
properties. Polymer charge can influence interactions with the mucous layer of the eye.
Molecular conformation, chain mobility, and degree of cross-linking also can affect the degree
of swelling and thus performance.
General Chapters: The following general chapters may be useful in ensuring consistent
functions of polymers for ophthalmic use: Bulk Density and Tapped Density of Powders
Chromatography

621

699 , Loss on Drying
Viscosity

616 ,

(in particular see Size-exclusion Chromatography), Density of Solids
731 , Particulate Matter in Ophthalmic Solutions

911 , Non-Newtonian Rheology

789 , Newtonian

912 , Rolling Ball Viscometer Method

913 ,

Pharmaceutical Dosage Forms 1151 , and Powder Flow 1174 . In addition, the general
chapters listed under Functional Category: Film-forming Agents also may be appropriate for the
evaluation of polymers for ophthalmic use.
TRANSDERMALS AND PATCHES
Functional Category: Adhesive
Description: Topical drug delivery systems (e.g., transdermals or skin patches) require the use
of adhesives to maintain contact between the applied drug delivery system and the skin.
Adhesives can be intercalated as a separate layer between the formulation matrix and the skin
surface, incorporated as a part of the formulation matrix itself, or applied to the periphery of
the topical delivery system.
Functional Mechanism: Adhesion is the tendency of dissimilar surfaces to adhere to one
another as a result of one or more types of interactions. For topical drug delivery systems,
these adhesive interactions generally are chemical (primarily electrostatic) or dispersive (van
der Waals and/or or hydrogen bonding) in nature, although there is the possibility of mechanical
interaction via the interlocking of microscopic asperities.
Physical Properties: In general, the adhesives used in transdermals or skin patches are
pressure-sensitive materials whose performance is best characterized by physical test methods
for tackiness and viscoelasticity of the adhesive per se and viscosity of a solution of the
adhesive.
Chemical Properties: In transdermals, the most widely used pressure-sensitive adhesives are
acrylic, rubber, and silicone polymers. Acrylic polymer adhesives include various esters of
acrylic or methacrylic acid, acrylamide, methacrylamide, N-alkoxyalkyl, or N-alkyl-acrylamides.
Polyisobutylenes and polysiloxanes are among the most common rubber-based and siliconebased adhesives, respectively. The molecular weight and compositional distribution of the
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polymers are critical to the replication of the adhesive's efficacy from batch to batch.
General Chapters: The following general chapters may be useful in evaluating the suitability of
adhesives employed in transdermals: Tensile Strength

881

and Newtonian Viscosity

911 .

Functional Category: Film-forming Agent
Description: Film-forming agents used as the formulation matrix of topical drug delivery
systems (e.g., transdermals or skin patches) or in conjunction with such systems comprise a
flexible, nontacky but adherent film, in whole or in part, applied to the skin surface.
Functional Mechanism: Film formation results from the progressive loss of solvent (or
dispersion medium) from a solution (or dispersion) of a film-forming agent, whether in
particulate or molecularly dispersed form. Solvent (or dispersion medium) loss leads to closer
molecular or particulate packing and increased interaction among the film-forming agent
molecules or particles. Ultimately, a continuous film is formed as a result of increased molecular
entanglement or particulate sintering.
Physical Properties: Properties critical to successful film formation include the film-forming
agent's glass transition temperature (T g), the viscosity of the solution or dispersion, and the
surface characteristics of the substrate. Viscoelastic properties such as elastic modulus,
viscous modulus, and intrinsic or complex viscosity describe functional characteristics such as
adhesion for a pressure-sensitive adhesive component. Adhesion to a substrate and tack and
shear tests can be used for batch release.
Chemical Properties: Typical film-forming agents are thermoplastic or thermosetting high
molecular weight polymers or co-polymers, often in the form of aqueous dispersions or latex
compositions. Cellulosic polymers, vinyl polymers and copolymers, and acrylic and methacrylic
acid polymers and copolymers frequently are employed in topical delivery systems as filmforming agents.
General Chapters: The following general chapters may be useful in evaluating the suitability of
film-forming agents employed in transdermals and patches: Thermal Analysis
Newtonian Viscosity
Method

911 , Non-Newtonian Rheology

891 ,

912 , and Rolling Ball Viscometer

913 .
RADIOPHARMACEUTICALS

Radiopharmaceuticals commonly contain categories of excipients that also are used in
conventional drugs. For example, radiopharmaceutical capsules may contain diluents and
necessarily use a capsule shell, and parenteral radiopharmaceuticals may contain
pharmaceutical water, diluents, tonicity agents, pH modifiers, antimicrobial preservatives,
chelating and/or complexing agents, and antioxidants. Many radiopharmaceuticals differ from
conventional drugs, however, because their preparation (reconstitution) involves one or more
chemical reactions that require unusual excipients. Furthermore, the self-absorption of emitted
radiation may result in the radiolytic decomposition of many radiopharmaceuticals. Hence,
several excipients are used predominately in radiopharmaceutical formulations, although they
occasionally may be used for other drugs.
Functional Category: Reducing Agent
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Functional Category: Reducing Agent

Description: Reducing agents generally are required for technetium Tc 99m
radiopharmaceuticals. Technetium Tc 99m, in the chemical form of sodium pertechnetate (+ 7
oxidation state), must be reduced to a lower oxidation state so that it can be chelated or
otherwise complexed by the intended ligand to form the final Tc 99m radiopharmaceutical. The
reducing agent, typically a stannous salt, generally is formulated in the kit for the preparation
of the technetium Tc 99m radiopharmaceutical.
Functional Mechanism: The reducing agent (e.g., stannous ion) must be present in sufficient
quantity to reduce all of the technetium atoms to the intended oxidation state but must not
produce undesired reduction products or other impurities (e.g., stannous hydroxide
precipitates).
Physical Properties: Reducing agents (e.g., stannous salts) must be readily soluble in water.
Chemical Properties: Reducing agents (e.g., stannous salts) are sensitive to oxidation by
atmospheric oxygen and oxidizing species in solution. Hence, lyophilized contents of kit vials
must be filled with a nonoxidative gas such as nitrogen or argon. The reducing agent also must
be stable at the intended pH of the formulated product.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected reducing agent functions: Chromatography
Pharmaceutical Stability

621 , Radioactivity

821 , and

1150 .
Functional Category: Transfer Ligand

Description: In the preparation of certain radiopharmaceuticals, the radiometal (e.g.,
stannous-reduced technetium Tc 99m) is first chelated by a relatively weak chelating ligand
and then is transferred to the principal chelating ligand or complexing moiety. Examples of such
transfer ligands include citrate, gluconate, and tartrate.
Functional Mechanism: Transfer ligands typically undergo rapid reactions with reduced
technetium to form weak chelates, thus keeping the reduced technetium in a soluble form until
it is transferred to the principal ligand. This procedure is especially useful when the kinetics of
complexation with the principal ligand is slow or when a heating step is necessary to expose
chelating groups on the principal ligand.
Physical Properties: Transfer ligands must be readily soluble in water.
Chemical Properties: Transfer ligands must have rapid complexation kinetics and must form
relatively weak chelates compared to complexation with the principal ligand.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected transfer ligand functions: Chromatography
Pharmaceutical Stability

621 , Radioactivity

821 , and

1150 .

Functional Category: Colloid Stabilizing Agent
Description: Lyophobic colloids tend to clump together and form large aggregates in order to
minimize their surface-area-to-volume ratio. Colloid stabilizing agents are relatively large
lyophilic molecules that coat the surface of each individual colloid particle and prevent or inhibit
clumping. Examples of colloid stabilizing agents include gelatin and dextran.
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Functional Mechanism: The colloid stabilizing agent coats the surface of the lyophobic colloid
particles, making them appear lyophilic. Additionally, the colloid stabilizing agent may be
charged, thus causing the coated colloid particles to repel one another.
Physical Properties: Colloid stabilizing agents must be readily soluble in water.
Chemical Properties: Colloid stabilizing agents must be capable of coating the lyophobic colloid
particles, e.g., by electrostatic attraction of an opposite charge.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected colloid stabilizing agent functions: Chromatography
Pharmaceutical Stability

621 , Radioactivity

821 , and

1150 .

Functional Category: Free Radical Scavenger
Description: Radiation interactions with water and other molecules frequently produce free
radicals. Free radical scavengers preferentially interact with oxidative or reductive free radicals
that otherwise would result in degradation of formulation components. In the case of
radiopharmaceuticals, free radical scavengers can be used to enhance radiochemical purity.
Examples of free radical scavengers include methylene blue and aminobenzoic acid.
Functional Mechanism: Free radical scavengers preferentially interact with radiolytically
produced free radicals before these free radicals can interact with the radiopharmaceutical and
produce radiochemical impurities.
Physical Properties: Free radical scavengers must be readily soluble in water.
Chemical Properties: Free radical scavengers must be capable of preferentially interacting
with free radicals without causing other effects.
General Chapters: The following general chapters may be useful in ensuring consistency in
selected free radical scavenger functions: Chromatography
Pharmaceutical Stability

621 , Radioactivity

821 , and

1150 .

2S (USP36)

1 This general information chapter provides nonmandatory information that does not create compendial
requirements. For additional information about nonmandatory general chapters and alternative methods and
procedures see General Notices, 6.30 Alternative and Harmonized Methods and Procedures.

BRIEFING
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WEIGHING ON AN ANALYTICAL BALANCE
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Change to read:
Weighing is a frequent step in analytical procedures, and the balance is an essential piece of
laboratory equipment in most analyses. In spite of this, weighing is a common source of error
that can be difficult to detect in the final analytical results. The procedure described here
applies directly to electronic balances; therefore, certain portions of the procedure are not
applicable to other types of balance. The weighing procedure can be separated into three basic
steps: planning, checking the balance, and weighing the material.
PLANNING
The initial step is to assemble the proper equipment, such as containers for weighing, receiving
vessels, forceps, pipets, spatulas of proper size, and so forth. Use containers of size such that
the loading capacity of the balance is not exceeded. Make sure that the containers selected to
receive the weighed material are clean and dry. Assemble the necessary chemicals if solutions
or reagents are required.
Preparation of the material to be weighed is often necessary. The material may require grinding
or drying. Some materials may have been heated or stored in a refrigerator. Materials must be
brought to the temperature of the balance before they are weighed. To avoid condensation of
moisture, refrigerated materials must be allowed to come to room temperature before the
container is opened.
CHECKING THE BALANCE
In the next step it is important to remember that, unless the balance is checked before each
weighing operation is performed, errors can easily occur, resulting in faulty analytical data. The
balance user should check the Balance Environment, Calibration, and Balance Uncertainties. Do
not assume that the balance has been left in the proper operating condition by the previous
user.
Balance Environment
The balance is placed in a suitable location with sufficiently low levels of vibration and air
current. It must have a constant electrical supply. The balance and the surrounding work area
have to be kept neat and tidy. It is good practice to use a camel's hair brush or its equivalent
to dust the balance pan before any weighing so as to remove any materials that may have
been left by the previous operator. [Note—Individuals must clean up debris, dispose of any
spilled materials or paper, and remove the vessels and apparatus used in making the
measurements. ] When a balance is moved, it must be allowed to adjust to the temperature of
its new environment and be recalibrated.
Calibration
If necessary, turn on the power, and allow the balance to equilibrate for at least 1 hour before
proceeding with the calibration. (Microbalances may require up to 24 hours to reach
equilibrium.) If the balance power has gone off and then has come back on, as in a power
outage, certain types of balance may display a message indicating that the balance must be
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calibrated before a weighing is made. If the operator touches the balance bar, the message
may be cleared and the balance may display zeros; however, the balance will not give the
correct weighing until it has been calibrated. Electronic analytical balances have an internal
calibration system based on an applied load. The calibration applies for the current ambient
temperature.
Balance Uncertainties
DRIFT REDUCTION
Drift is one of the most common errors, and it is also one of the easiest to reduce or eliminate.
Balance drift can be present without the operators being aware of the problem. Check the
sample, the balance, and the laboratory environment for the following causes of errors, and
eliminate them:
1.
2.
3.
4.
5.
6.
7.
8.
9.

A balance door is open.
Temperatures of the balance and the material to be weighed are not the same.
The sample is losing or gaining weight.
The balance has been recently moved but has not been allowed to equilibrate to its
surroundings or has not been recalibrated.
Air currents are present in the laboratory.
Temperatures in the laboratory vary.
The balance is not properly leveled.
Laboratory operations are causing vibration.
Hysteresis of the mechanical parts occurs during weighing.
MECHANICAL HYSTERESIS

Hysteresis in the balance is caused by excessive stretching of the springs, and it is primarily
due to overloading or to the accidental dropping of an object onto the pan. Microbalances are
very sensitive to overload and shock. When using a microbalance, set the lever to the rest
position when adding or removing material; turn the lever to the weigh position to register the
weight. In some cases, drift due to hysteresis can be eliminated by allowing the balance to
stand without weighing long enough for it to recover. If stretching of the springs is excessive,
an expensive balance overhaul may be needed. In the case of electronic force restoration
balances, springs are replaced by flextures, and the term creep is more appropriate than
hysteresis.
QUALITY ASSURANCE PROCEDURE FOR MEASUREMENT OF BALANCE DRIFT
Over an extended period of time, balance drift and other day-to-day variations are monitored
by weighing a fixed check-weight on a regular basis; this check should be performed after the
balance has been calibrated at the ambient laboratory temperature. The check should be made
before the first weighing of the day or after any event that might disturb the balance's
calibration (power failure, moving the balance to a new location, etc.). The check-weight may
be any object whose mass remains constant and does not exceed the load limit of the balance.
A balance weight makes a reliable check-weight. Each balance should be provided with a
check-weight, which should be stored in a protective container near the balance.
Perform the following procedures to reduce balance errors and the possibility of an incorrect
reading because of drift:
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1. Make certain that the electrical power to the balance is on and that the level bubble is
in the center of the indicator.
2. Calibrate the analytical balance or the microbalance. [Note—Some balances have a
calibration lever, which must be returned fully to its original weighing position. Do not
depend upon any prior calibration. ]
3. The first person to use the balance each day should weigh the check-weight and record
the weight in the log book for comparison with previous readings. If a deviation greater
than those indicated below for Analytical Balances and Microbalances is observed, the
balance should be reported for service. [Note—Check-weights tend to gain weight upon
standing because of mishandling and exposure to contaminants in the atmosphere.
These weights can be cleaned by wiping with a lint-free cloth moistened with a small
amount of an appropriate solvent such as diethyl ether. ]
Analytical Balances—Select a check-weight of an appropriate mass to examine an analytical
balance. If possible, set the balance to read to 5 decimal places. Follow the manufacturer's
operating instructions. Pick up the check-weight with a forceps, place it carefully on the
balance pan, and weigh it. [Note—Do not drop the weight on the balance pan, because damage
to the balance could result. ] Place the weight in the center of the pan to eliminate cornerweighing differences. The accuracy of the weight is not important: the only factor of interest is
whether any drift has occurred. If no drift has taken place, the value should remain constant.
Periodic weighing of a fixed weight will determine whether the boards (or knife edges in
mechanical balances) in the instrument are defective. The check for drift at the most sensitive
position will show whether a problem exists; the variation in the observed weight does not
exceed ±0.2 mg. For example, with a 20-g weight, if the mean value of the readings were
19.9984, the tolerance would be from 19.9982 to 19.9986 g. Thus, several readings must be
taken before one can establish a tolerance. [Note—The check-weight need not be of high
accuracy, but it is essential that its mass remain constant. In addition, the tolerance does not
correspond to the value of 0.1%, specified under Weights and Balances 41 , for weighing
material accurately. Rather, the tolerance is purposefully tight to reveal possible drift or
calibration errors; this tolerance is readily achievable with modern electronic balances. ]
Microbalances—Proceed as directed for Analytical Balances, but use a check-weight
appropriate for the particular balance. For example, a 100-mg check-weight might be selected
for a balance that has a load limit of 150 mg; or a 10-mg check-weight might be used for an
ultramicrobalance with a load limit of 15 mg. (The operator must know the maximum capacity of
the balance to select the correct check-weight.) The balance indicates the weight in
milligrams. Record the weight as soon as the reading is stable for a few seconds. The variation
in weighings ought to be within a range commensurate with the specifications given by the
balance manufacturer, but not greater than 0.1% of the amount of material typically weighed
on the particular balance. For example, if 10-mg samples are routinely weighed, the variation in
the weighings of the check-weight cannot exceed 0.01 mg.
WEIGHING THE MATERIAL
In this final step, select the number of decimal places required for the analytical procedure. In
most pharmaceutical analyses small quantities of material are used, requiring the balance
reading to be set to the fifth decimal place to achieve the necessary accuracy. Weighing read
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with four decimal places is preferred for weighing near-gram quantities. Do not allow the
material to remain on the balance for an extended period of time because changes, caused by
interaction with atmospheric water or carbon dioxide, may take place.
Load Limit
Select the appropriate balance for the quantity and accuracy needed. Each balance has a load
limit, which should not be exceeded. Each balance manufacturer supplies the maximum loading
condition, and this limit varies with the type of balance. The operator should know this limit so
that the balance will not be damaged. [Note—Electronic balances operate on a “load cell”
principle that produces an electrical output proportional to the movement of the strain gauge
and is linear over the range. ]
Receivers
The proper receiver for the material must be selected. The receiver's weight plus the weight to
be measured must not exceed the maximum load for the balance; the size and shape of the
receiver should permit it to fit into the space and on the balance pan without interfering with
any operation. It is important that the receiver be clean and dry. Common receivers are
weighing bottles, weighing funnels, flasks, and weighing paper. The correct receiver depends
upon the quantity and type of material (liquid, solid, or powder) to be weighed. All other things
being equal, a vessel of low mass should be chosen when small amounts of material are to be
weighed. It is recommended that gloves, forceps, or another type of gripping device be used
when handling receivers, because oils from the hands will add weight.
The weighing funnel is often the most satisfactory receiver, because it can function as both a
weighing dish and a transfer funnel, allowing easy transfer to volumetric flasks. Weighing
funnels come in various sizes; the size suitable for the operation should be selected.
Weighing paper may be used for solids. Paper receivers must be handled by hand, and great
care must be used to prevent spills.
Weighing by Difference
Weighing is usually done by difference. The following methods are acceptable for good
analytical results.
METHOD 1
Tare the empty receiver as follows. Place the receiver on the balance in the center of the pan,
and press the appropriate tare key on the balance. This operation electrically sets the signal
from the strain gauge to zero so that the weight of the receiver is no longer indicated. Add the
material to the receiver, and record the weight. Transfer the weighed material to the final flask
or receiver; then reweigh the original weighing receiver by placing it in the same position on the
pan. [Note—Do not change the set tare of the balance between these two weighings. ] The
second weight represents the untransferred material and is subtracted from the total material
weight to determine the weight of the transferred material.
METHOD 2
If the empty receiver is not going to be tared, add the material to the receiver, and place the
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receiver on the balance in the center of the pan. Record the weight, and transfer the weighed
material to the final flask or receiver; then reweigh the original weighing receiver by returning it
to the same position on the pan. The second weight represents the sum of the weights of the
receiver and the untransferred material; subtract this sum from the sum of the total material
weight and the receiver weight to determine the weight of the transferred material.
METHOD 3
This method may be described as quantitative transfer. The material is added to the tared
receiver, the amount is determined by difference, and then the whole amount is transferred
quantitatively (e.g., by using a solvent) to the final receiver.
Materials-Handling Safety Procedures
The operator must be familiar with precautions described in the Material Safety Data Sheet for
the substance before weighing it. Hazardous materials must be handled in an enclosure having
appropriate air filtration. Many substances are extremely toxic, are possibly allergenic, and may
be liquids or finely divided particles. A mask that covers the nose and mouth should be used to
prevent any inhalation of chemical dust. Gloves should be used to prevent any contact with
the skin. [Note—The use of gloves is good practice for handling any chemical. If it is necessary
to handle the container being weighed, the operator should put on gloves, not only for selfprotection but also to prevent moisture and oils from being deposited on the weighed container.
] During a weighing, the operator may be exposed to high concentrations of the pure
substance; therefore, the operator must carefully consider these possibilities at all times.
Weighings are made on many different types of materials, such as large solids, finely divided
powders, and liquids (viscous or nonviscous, volatile or nonvolatile). Each type of material
requires its own special handling.
Weighing Solids
Solids come in two forms: large chunks, with or without powdery surface, and finely divided
powders or small crystals. If large chunks with a powdery surface are to be weighed, at least a
piece of weighing paper must be placed on the balance pan to protect it from damage. Large
nonreactive chunks that have no powdery surface may be placed directly on the pan (for
example, a coated tablet). [Note—Solid pieces must be handled with forceps, never by hand. ]
STATIC CHARGE
Fine powders have a tendency to pick up static charge, which will cause the particles to fly
around. This static charge must be eliminated before a suitable weighing can be made. An
antistatic device may be used to minimize this problem. [Note—Such devices may use
piezoelectric components or a very small amount of a radioactive element (typically polonium)
to generate a stream of ions that dissipate the static charge when passed over the powder to
be weighed. ] The static charge depends upon the relative humidity of the laboratory, which in
turn depends upon the atmospheric conditions. In certain conditions, static charge is caused
by the type of clothing worn by the operator; this charge causes large errors in the weighing
when discharged.
WEIGHING PROCEDURE
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Place the receiver on the balance pan, close the balance door, and weigh as indicated for
Weighing by Difference, with the following additions. Carefully add the powdered material from a
spatula until the desired amount is added. Use care to avoid spilling. Close the balance door,
and record the weight as soon as the balance shows a stable reading.
SPILLS
If solids are spilled, remove the receiver, and sweep out all of the spilled material from the
balance. The spilled material must be properly disposed of and must not be swept out onto the
balance table where other operators may come in contact with the chemical. Then either start
the process over or reweigh the remaining material. [Note—Never return any excess material to
the original container. Any excess material must be disposed of in a proper manner. ]
Weighing Liquids
Liquids may be volatile or nonvolatile and viscous or nonviscous. Each type requires special
attention.
WEIGHING PROCEDURE
Weigh as directed for Weighing by Difference, with the following additions. Liquids should
always be weighed into a container that can be closed so that none of the material is lost. It is
best if the liquid can be added to its receiving container outside the balance because of the
possibility of a spill. [Note—Liquids spilled within the balance housing can cause serious damage
to the balance, and they may be difficult to remove. ]
Nonviscous liquids can be handled with a Pasteur capillary pipet equipped with a small rubber
bulb such as a medicine dropper bulb. The liquid is discharged into its receiver, the top is closed
or stoppered, and the receiver and contents are weighed. Small quantities of viscous liquids
can be handled by touching a glass stirring rod to the surface of the liquid and then carefully
touching the rod to the side of the receiving vessel, which allows some of the material to be
transferred.
Weighing Corrosive Materials
Many chemicals, such as salts, are corrosive, and materials of this nature should not be spilled
on the balance pan or inside the balance housing. Extreme care is essential when materials of
this nature are being weighed.
CONCLUSION
By carefully following the procedures outlined above, laboratory personnel will eliminate many
errors that might be introduced into weighing procedures. However, it is important for each
balance to be serviced and calibrated regularly by a specially trained internal or external service
person. The balance should be tested using weights traceable to standardization by the
National Institute of Standards and Technology. No repairs should be made to any balance by
anyone other than a qualified maintenance person.
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INTRODUCTION
Weighing is a frequent step in analytical procedures, and the balance is an essential piece of
laboratory equipment. The general information described here applies directly to electronic
balances used in analytical procedures. Although many portions of the chapter are applicable to
all balances, some are applicable only to this type of balance. This chapter should not be
considered all-inclusive, and other sources of information (e.g., the US National Institute for
Science and Technology and balance manufacturers) may be useful and applicable when
analysts perform a weighing operation or implement a weighing procedure.1,2 The information
given in this chapter is applicable not only to balances used for materials that must be
accurately weighed (see Balances

41

but also to balances used in all analytical procedures.
QUALIFICATION

Users should consult Analytical Instrument Qualification 1058 , standard operating
procedures, and recommendations from manufacturers when they devise qualification plans.
Installation
The balance's performance depends on the conditions of the facility where it is installed.
Analysts should consult information provided by the manufacturer before they install a balance.
Support surface: The balance should be installed on a solid, level, nonmagnetic surface that
minimizes the transmission of vibration (e.g., a floor-mounted, granite weigh bench). If a
metallic support surface is used, the surface should be grounded in order to prevent the buildup
of static electricity.
Location: If possible, the balance should be located in a room that is temperature and humidity
controlled. The location should have a clean, consistent electrical power supply. The location
should be free of drafts and should not be near ovens, furnaces, air conditioner ducts, or
cooling fans from equipment or computers. The balance should be positioned away from outside
windows so that direct sunlight does not strike the balance. The balance should not be
installed near sources of electromagnetic radiation such as radio-frequency generators, electric
motors, or hand-held communication devices (including cordless telephones, cellular telephones,
and walkie-talkies). The balance should not be located near magnetic fields induced by
laboratory instrumentation or other equipment.
The performance of the balance should be assessed following installation and before use in
order to demonstrate adequate performance. In some situations, it may not be possible to
position the balance in an optimum environment. Examples of potential facility issues include
the following:
1. Air currents sometimes are present in the laboratory.
2. Temperatures in the laboratory vary excessively (check the manufacturer's literature
about temperature sensitivity).
3. Humidity is either very low or very high. Either condition may increase the rate at which
the sample weight varies because of pickup or loss of water. Low humidity increases the
buildup of static electricity.
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4. Adjacent operations are causing vibration.
5. Corrosive materials are used nearby or are routinely weighed.
6. The balance is located within a fume hood because it is used to weigh corrosive or
hazardous materials.
7. The balance is adjacent to equipment that produces a magnetic field (e.g., a magnetic
stirrer).
8. Direct sunlight strikes the balance.
In situations when the balance is located near equipment or systems that induce vibration,
drafts, electromagnetic radiation, magnetic fields, or changes in temperature or humidity, the
assessment should be conducted with those systems operating in order to duplicate a worstcase scenario.
Operational Qualification
An operational qualification should be performed either by the user or by the balance
manufacturer after the equipment has been installed.
As a minimum, the power should be turned on and the balance should be allowed to equilibrate
according to the manufacturer's instructions (1–24 h, depending on the type of balance) before
use. Depending on the balance, analysts should include the following procedures in the
operational qualification:
1.
2.
3.
4.
5.
6.

Mechanical mobility of all moveable parts
Control of stable indication
Manually triggered or automatic adjustment by means of built-in weights
Operation of ancillary equipment
Tare function
Initial calibration.

Several types of electronic analytical balances use built-in weights for manually triggered or
automatic adjustment. This adjustment usually is applied to reduce the drift of the balance
over time and to compensate for drifts caused by variations in the ambient temperature.
Calibration normally is performed as part of the operational qualification, but it also can be
performed periodically thereafter. Calibration should be performed at the location where the
balance is used in normal operation.
Performance Qualification
Table 1 provides a list of the most important balance properties that should be assessed during
performance qualification. Depending on the risk of the application and the required weighing
process tolerance, some of these tests may be omitted. Tests also can be omitted if there is
evidence that the property in question has only minimal effect on the weighing performance.
Any procedures used should be consistent with in-house standard operating procedures,
applicable for the specific balance, and adequately justified. Performance qualification should be
performed periodically as described in standard operating procedures, and the frequency of
each of the individual tests can vary depending on the criticality of the property.
The weights that are used to perform the tests should be stored and handled in a manner that
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minimizes contamination. Before executing the tests, the analyst should place the weights in
the vicinity of the balance for an appropriate time to reach sufficient thermal equilibrium. If
possible, all tests should be carried out with only one test weight in order to minimize handling
errors.
The tests should be recorded in such a manner that the data can be used to easily track
balance performance and to assist in laboratory investigations as needed. Meaningful
acceptance criteria can be set depending on the required weighing tolerance, i.e., the maximum
allowed deviation permitted by specifications, regulations, etc., of a quantity to be weighed
from its target value. Procedures should be in place to address test results that are outside
acceptable ranges and to provide assurance that balance cleanliness and environment have not
affected the result. Also, a procedure should be in place for removing a balance from operation
when observed results fall outside acceptable ranges.
Table 1. Suggested Performance Qualification Tests
Property

Definition

Sensitivity

Change in weighing value divided by the
change in load, usually measured
between zero and the nominal capacity
of the balance. Sensitivity usually is
expressed as deviation from the correct
value at nominal capacity.

Linearity

Ability of a balance to follow the linear
relationship between a load and the
indicated weighing value. Nonlinearity
usually is expressed as the largest
magnitude of any linearity deviation
within the test interval.

Deviation in the measurement value
caused by eccentric loading—in other
words, the asymmetrical placement of
the center of gravity of the load
relative to the load receiver.
Eccentricity usually is expressed as the
largest magnitude of any of the
deviations between an off-center
reading and the center reading for a
Eccentricity given test load.

Acceptance
Criteria
NMT 0.05%
deviation where
41 is
applicable. For
other uses,
The test load at or
respective
sufficiently close to the tolerance
nominal capacity of the requirement
balance.
divided by 2.
NMT 0.05%
deviation where
41 is
applicable. For
other uses,
respective
From 3 to 6 points over tolerance
the range of the
requirement
balance.
divided by 2.
Performed in the center
of gravity and the four
NMT 0.05%
quadrants (for
deviation where
rectangular platter
shapes) or at analogous 41 is
locations for other
applicable. For
platter shapes. Test
other uses,
load usually is between respective
50% and 100% of the tolerance
nominal capacity of the requirement
balance.
divided by 2.
Examples
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Ability of a weighing instrument to
display identical measurement values
for repeated weighings of the same
objects under the same conditions,
e.g., the same measurement procedure,
same operator, same measuring
system, same operating conditions, and
same location over a short period of
time. Repeatability usually is expressed
as the standard deviation of multiple
Repeatability weighings.

Requirement
from where
41 is
10 replicate weighings applicable. For
(using a test weight
other uses,
that is a few percent of respective
the nominal capacity of tolerance
the balance).
requirement.

Sensitivity, linearity, and eccentricity all account for systematic deviations; i.e. they limit the
accuracy of the balance (based on the definition of accuracy in Validation of Compendial
Procedures 1225 and ICH Q2). In the International Vocabulary of Metrology (VIM) and
documents of the International Organization for Standardization, this concept is referred to as
trueness. Because deviations are largely independent from each other, it is not likely that all
deviations occur simultaneously and have the same algebraic sign. Therefore the arithmetic
addition of all individual deviations to assess the balance accuracy would constitute a rather
conservative approach. A quadratic addition of the individual deviations is a more realistic
approach. By allocating 50% of the weighing tolerance budget to the acceptance criteria of the
individual properties, analysts ensure adherence to the required weighing tolerance. These
properties—or a subset of them—also can be taken to fulfill the accuracy requirement described
in 41 . In this case the acceptance criteria thus allow a maximum deviation of 0.05% for
sensitivity, linearity, and eccentricity. Repeatability preferably is tested with a test weight of a
few percent of the balance capacity. At the lower end of its measurement range, the
performance of laboratory balances is limited by the finite repeatability, and limitations induced
by systematic deviations normally can be neglected. Therefore, the whole weighing tolerance
budget can be allocated to the acceptance criterion of the repeatability test.
For the sensitivity and linearity tests as described above, the analyst should use certified
weights with an appropriate weight class (e.g., according to International Organization of Legal
Metrology R111 or American Society for Testing and Materials E617, available from
www.oiml.org and www.astm.org, respectively). [Note—If a differential method is used for the
linearity test, certified weights may not be required.]
Depending on the acceptance criterion, it may be sufficient to consider only the nominal weight
value of the test weights. If the nominal value of the test weight is considered, analysts should
ensure that the maximum permissible error does not exceed one-third of the acceptance
criterion. Alternatively, if the certified value of the test weight is considered, its calibration
uncertainty should not exceed one-third of the acceptance criterion. For tests such as
eccentricity or repeatability, the use of certified weights is optional, but analysts must ensure
that the mass of the weight does not change during the test.
The tests described above also can be included in formal periodic calibration in order to fulfill
applicable cGMP requirements.
Balance Checks
A balance check using an external weight helps ensuring that the balance meets weighing
tolerance requirements. The balance check is performed at appropriate intervals based on
applicable standard operating procedures. The frequency of the balance check depends on the
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risk of the application and the required weighing tolerance. Checks with external weights can
be replaced partially using automatic or manually triggered adjustment by means of built-in
weights. When analysts perform the balance check with an external weight, the same
acceptance criteria may apply as described in the sensitivity test above.
Minimum Weight
The minimum net sample weight, mmin, of a balance can be expressed by the equation:
mmin = k × s/required weighing tolerance
where k is the coverage factor (usually 2 or larger) and s is the standard deviation (in a mass
unit, e.g., in mg) of not fewer than 10 replicate measurements of a test weight. The minimum
weight describes the lower limit of the balance below which the required weighing tolerance is
not adhered to. The equation above takes into account that the performance of laboratory
balances at the lower end of the measurement range is limited by the finite repeatability.
For materials that must be accurately weighed, 41 stipulates that repeatability is
satisfactory if two times the standard deviation of the weighed value, divided by the nominal
value of the weight used, does not exceed 0.10%. For this criterion the equation above
simplifies to:
mmin = 2000 × s
If not subject to the requirements of 41 , the minimum weight value may vary depending on
the required weighing tolerance and the specific use of the balance.
To facilitate handling, the test weight that is used for the repeatability test does not need to
be at the minimum weight value but can be larger because the standard deviation of
repeatability is only a weak function of the test weight value.
In order to satisfy the required weighing tolerance, when samples are weighed the amount of
sample mass (i.e., the net weight) must be equal to or larger than the minimum weight. The
minimum weight applies to the sample weight, not to the tare or gross weight.
Factors that can influence repeatability while the balance is in use include:
1. The performance of the balance and thus the minimum weight can vary over time
because of changing environmental conditions.
2. Different operators may weigh differently on the balance—i.e., the minimum weight
determined by different operators may be different.
3. The standard deviation of a finite number of replicate weighings is only an estimation of
the true standard deviation, which is unknown.
4. The determination of the minimum weight with a test weight may not be completely
representative for the weighing application.
5. The tare vessel also may influence minimum weight because of the interaction of the
environment with the surface of the tare vessel.
For these reasons, when possible, weighings should be made at larger values than the minimum
weight.
OPERATION OF THE ANALYTICAL BALANCE
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Select the appropriate balance for the quantity and performance needed. General chapter

41

provides requirements for balances used for materials that must be accurately weighed. The
balance user should check the balance environment (vibration, air currents, and cleanliness)
and status of calibration before use.
Receivers
To ensure suitable performance in measuring the weight of a specimen, analysts should
consider selection of a proper receiver for the material.
General characteristics: All receivers must be clean, dry, and inert. The total weight of the
receiver plus the specimen must not exceed the maximum capacity of the balance. With a
properly maintained and adjusted laboratory balance, weighing uncertainty for small samples,
i.e., net weights with a mass not exceeding typically a few percent of the capacity of the
balance, essentially is determined by the repeatability. However, repeatability depends on the
size and surface area of the weighed object. For this reason large or heavy receivers introduce
a deviation from the conditions under which the repeatability was determined without
considering the receivers. Therefore, either receivers of a low mass and small surface should be
used (especially in cases when specimens of low weight are being measured) or the
repeatability test should be performed with the receiver placed on the weighing pan as a
preload. Receivers should be constructed from nonmagnetic materials in order to prevent
magnetic interference with electronic balance components. Receivers should be used at
ambient temperature in order to prevent the formation of air currents within the weighing
chamber.
Solid samples: Receivers for weighing solid materials include weighing paper, weighing dishes,
weighing funnels, or enclosed vessels, including bottles, vials, and flasks. Hygroscopic papers
are not recommended for weighing because they may have a detrimental effect on the
observed results.
Weighing dishes typically are constructed from a polymer or from aluminum. Antistatic weighing
dishes are available for measuring materials that retain static electricity. Weighing funnels
typically are constructed from glass or from a polymer. The design of this type of receiver
combines attributes of a weighing dish and a transfer funnel, which can simplify the analytical
transfer of a weighed powder to a narrow-necked vessel such as a volumetric flask. For solid
samples that are volatile or deliquescent, analysts must weigh the material into an enclosed
vessel. Where practical, analysts should use an enclosed vessel with a small opening in order to
reduce sample weight loss from volatilization or weight gain from the adsorption and absorption
of atmospheric water.
Liquid samples: Receivers for liquid samples typically are inert, enclosed vessels. For liquid
samples that are volatile or deliquescent, analysts should use an enclosed vessel with a small
opening, and the enclosure should be replaced rapidly following material transfer. Special
precautions should be taken to be certain that the receiver and the enclosure are constructed
from a material that is compatible with the liquid sample. The receiver and enclosure must have
a seal that is sufficient to prevent leaks from a liquid that is of low viscosity or has low surface
tension or a low boiling point.
Types of Weighing
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Weighing for quantitative analysis: The initial step for many quantitative analyses is to
accurately weigh a specified amount of a sample. Section 6.50.20 in the General Notices
stipulates that solutions for quantitative measures must be prepared using accurately weighed
analytes: i.e., analysts must follow 41 . Errors introduced during the weighing of a sample
can affect the accuracy of all subsequent analytical measurements.
Addition weighing: Addition weighings typically are used for solid samples or liquid samples for
which volatility is not an issue. The receiver is placed on the balance. After the balance display
stabilizes, the analyst should tare the balance; add the desired amount of material to the
receiver; allow the balance display to stabilize; record the weight; and quantitatively transfer
the material to an appropriate vessel or, if it cannot be guaranteed that the entire amount has
been transferred, weigh the receiver again and note the weight difference.
Dispense weighing: Dispense weighing typically is used for weighing emulsions or viscous
liquids such as topical ointments. In these situations it is not practical to weigh the material
into a typical receiver. Accordingly, the analyst should tare the balance; place the sample on
the balance in a suitable container (e.g., a bottle, tube, transfer pipette, or syringe) that has
been wiped clean on the outside; record the weight after the balance display stabilizes;
transfer the desired amount of sample to an appropriate receiving vessel, such as a volumetric
flask; and place the pipette or syringe back onto the balance. The difference in the two
weighings is equal to the weight of the transferred specimen.
Gravimetric dosing: Gravimetric dosing typically is used for sample and standard preparations
or capsule filling. For such weighing the analyst places the volumetric flask, vial, or capsule
shell on the balance; tares the balance after the balance display stabilizes; adds the solid or
liquid components into the receiver by means of dosing units; and records the respective
weights.
Problem Samples
Electrically charged samples and receivers: Dry, finely divided powders may be charged
with static electricity that can make the powder either attracted to or repelled by the receiver
or the balance, causing inaccurate weight measurements and specimen loss during transfer. A
drift in the balance readings should alert the operator to the possibility that the material has a
static charge. Commercially available balances with a built-in antistatic device can be used to
remedy the problem. Such devices may use piezoelectric components or a very small amount of
a radioactive element (typically polonium) to generate a stream of ions that dissipate the static
charge when passed over the powder being weighed. Antistatic weigh boats, antistatic guns,
and antistatic screens also are commercially available. The static charge depends also on the
relative humidity of the laboratory, which in turn depends on atmospheric conditions. Under
certain conditions, static charge is caused by the type of clothing worn by the operator and
this charge can cause large errors in the weighing. Borosilicate glassware and plastic receivers
have a well-known propensity for picking up static charge, especially at low relative humidity.
The gloves used to protect the operator also may increase the potential for a static charge
problem. Placing the container in a metal holder may help to shield the static charge, and
antistatic gloves also can help to alleviate the problem.
Volatile samples: When weighing a liquid that has a low boiling point, analysts must receive
the specimen in a vessel with a gas-tight enclosure of small diameter. The analyst then tares
the vessel and enclosure, adds the desired amount of sample, and replaces the enclosure. After
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the balance display stabilizes, the analyst records the specimen weight.
Warm or cool samples: Samples that are warm or cool should be equilibrated in the
laboratory, or the weight readings may be erroneous. With regard to warm samples, the
apparent weight is smaller than the true weight because of heat convection. For example, a
flask that is warmer than ambient air warms up this air, which then flows upward along the flask
and reduces the apparent weight of the contents by viscous friction.
Hygroscopic samples: Hygroscopic materials readily absorb moisture from the atmosphere and
steadily gain weight if left exposed. Therefore, hygroscopic samples must be either weighed
promptly or placed in a vessel with a gas-tight enclosure. For a gas-tight vessel, analysts
should tare the vessel and enclosure, add the desired amount of sample, and replace the
enclosure. After the balance display stabilizes, the analyst can record the specimen weight.
Aseptic or biohazardous samples: The weighing of sterile or biohazardous samples should
take place within the confines of a clean bench, biosafety cabinet, isolator, or similar
containment device. Air flow within the hood potentially can cause balance instability, so after
a balance has been installed under a hood, analysts should perform a rigorous qualification
study with suitable weight artifacts (see 41 ) in order to determine the acceptability of the
balance performance in this environment.
Weighing corrosive materials: Many chemicals, such as salts, are corrosive, and materials of
this nature should not be spilled on the balance pan or inside the balance housing. Extra care is
essential when materials of this nature are weighed. Analysts should consider the use of sealed
containers such as weighing bottles or syringes. In the event of a spill, requalification of
balance may be necessary, depending on the nature of the spill.
Safety Considerations When Weighing
During a weighing, the analyst may be exposed to high concentrations of a pure substance.
The analyst must carefully consider this possibility at all times and should be familiar with the
precautions described in the substance¢s Material Safety Data Sheet before weighing it.
Hazardous materials should be handled in an enclosure that has appropriate air filtration. Many
toxic—and possibly allergenic—substances present as liquids or finely divided particles. When
weighing these substances, analysts should use a mask that covers the nose and mouth to
prevent any inhalation of the substance, and they should use gloves to prevent any contact
with the skin. [Note—The use of gloves is good practice for handling any chemical. If it is
necessary to handle the container being weighed, the analyst should wear gloves not only for
self-protection but also to prevent moisture and oils from being deposited on the weighed
container.] 2S (USP36)

1 National Physical Laboratory. Good practice guide No. 70, weighing in the pharmaceutical industry. 2004.
http://resource.npl.co.uk/docs/science_technology/mass_force_pressure/clubs_groups/instmc_weighing_panel/pharmaweigh.p
Accessed 21 March 2012. [Note—Nomenclature in this chapter tends to follow this document, except where it
conflicts with USP terms.]
2 American Society for Testing and Materials. E898 Standard test method of testing top-loading, direct-reading
laboratory scales and balances. 2005. http://www.astm.org/Standards/E898.htm. Accessed 21 March 2012.

BRIEFING
1788 Methods for the Determination of Particulate Matter in Injections and
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Ophthalmic Solutions, USP 35 page 945. On the basis of comments received, it is proposed to
revise the Introduction to address the intent of USP general test chapters Injections
Particulate Matter in Injections

1

and

788 . Minor editorial changes have also been made.

(GCDF: D. Hunt.)
Correspondence Number—C118891

Comment deadline: November 30, 2012
1788

METHODS FOR THE DETERMINATION OF PARTICULATE MATTER IN INJECTIONS
AND OPHTHALMIC SOLUTIONS

Change to read:
INTRODUCTION
It is the intent of USP general test chapters Injections

1

and Particulate Matter in

Injections 788 that systems, packaging, and formulation be selected and developed (or
refined) with regard to commercial product cleanliness and stability. Process streams,
equipment, filling lines, pumps, staging tanks, fill lines, personnel gowning and behavior, and
environmental quality all may contribute particulate matter to the filled product. Insufficient
cleaning of product components and inappropriate selection of both container/closure systems
and formula components may contribute to immediate and even long-term generation of
particles. All of these contributors to particulate matter and final product quality may be
evaluated by the methods in
The requirements of

788

788

or variations thereof.

should be considered for all parenteral preparations unless

specifically exempted by chapter

788

or by monograph. What about dose forms for which

788 cannot be directly applied? Alternate methods and/or evaluation of process streams,
vehicles, or components should be considered. For example, sterile suspensions with known
active ingredient solids and light obscuration for the detection of extraneous matter are
impossible to differentiate from product solids. For suspended solids above the nominal porosity
of the

788

membranes, membrane microscopic assay will have significant interference from

the solids. Only direct

788

evaluation of container/closure rinsates, and product vehicle is

possible for these suspension systems by the 788 methods. One may explore alternate
methodologies such as
a. particle determination of product treated with solvent to dissolve all product solids, or
b. use of centrifugation to separate product solids from the vehicle, or
c. use of selected screens or sieves to separate product solids from the product vehicle to
minimize product solids interference.
Due diligence using 788 methods, variations of 788 , and alternate method strategies for
the investigation of best product design occurs during Development and may be continued in
selected evaluations during commercial Production.
2S (USP36)
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Methodology for the determination of particulate matter in injections is contained in USP

788

, which has been harmonized with the European Pharmacopoeia and the Japanese
Pharmacopoeia. Sections on instrument standardization for light obscuration and other method
details were excluded from the harmonized chapter. Chapter
Ophthalmic Solutions has not been harmonized. Chapter

789

1788

Particulate Matter in

includes important instrument

standardization and calibration information applicable to 788 and 789 ; it also includes
recommendations for sample handling, laboratory environment, operator training, and general
advice applicable to the microscopic method.
Chapter 1 requires injections to be essentially free from particulate matter that can be
observed on visual inspection. The term “essentially free” has been difficult to define because
particle detectability is influenced by their number and size, among other factors. The absolute
limit of visibility, or detectability, is equivocal and depends upon the test conditions and the
nature of the particulate matter. The lower end of the visible range certainly crosses over subvisible detection capabilities in 788 and 789 . Literature reports visibility extending to 50µm, 100-µm, and 150-µm size (see References 1 and 2), and membrane assay can isolate and
size particles to 1000 µm and larger.
Chapter

788

specifies limits for the sub-visible particulate matter content in injections in

two size thresholds. Likewise, Chapter 789 establishes particle content expectations for
ophthalmic solutions in two (Light Obscuration, or LO) or three (Membrane Microscope, or MM)
size thresholds. The tests described in 788 and 789 are physical limit tests performed for
the purpose of enumerating sub-visible particles [particulate matter] within specific size ranges
(see Figure 1).
Chapter

788

states, “Particulate matter consists of mobile undissolved particles, other than

gas bubbles, unintentionally present in the solutions.” Using the 788 test methods, any
semi-solid to solid material (and even immiscible liquids) that trigger LO detector response
above a selected size threshold will be tabulated.
There are two general categories of particulate matter sources: extrinsic and intrinsic. LO and
MM methods will detect and tabulate particles of both categories. Extrinsic material is additive,
foreign, and unchanging, and not part of the formulation, package, or assembly process.
Examples of extrinsic material include fibers, cellulosic matter, vegetative matter, corrosion
products, paint/coatings, and building materials such as gypsum, concrete, metal, and plastic.
Extrinsic particles are additive and generally non-changing over the life of the product unless
by fragmentation, swelling (hydration), or degradation. Fragments of rubber, plastic, metal, and
glass are examples of extrinsic particulate matter deposited in the product during assembly or
not removed in the container preparation process. However, if these typically extrinsic types
have come from the specific package and/or process in a more consistent or chronic manner,
then one may consider their presence to be an intrinsic variety with a similar level of concern.
Intrinsic material is associated with the package, formulation ingredients, and process or
assembly process. Intrinsic material may also be extraneous material carried by the package or
process and insufficiently removed. Intrinsic material may change upon aging due to
concentration change, degradation, and acceleration of reaction.
Intrinsic sources are inherent in the product and process—formulation, package, and
commercial assembly steps. Intrinsic sources represent a variety of phenomena yielding
unwanted substances, such as: (a) extraction, (b) leaching, (c) degradation of ingredient
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(active or excipient), (d) change of ingredient by precipitation/salt form/crystalline form, (e)
change of package physical integrity, (f) change of impurity level, (g) change of micellar
association, (h) oligamerization, and (i) package- and process-related materials not removed
during product assembly. Combinations of all of the above and physical phenomena such as
aggregation, sedimentation, and coalescence by matrix (oils, semi-solids) may bring smaller
particles (<10 µm) into the detection zone of the test method ( 10 µm). Intrinsic sources of
detectable particulate matter are of great concern since the substance may be present,
however, not evident until particles form over time even long after lot release.
The intrinsic categorization should be recognized as different from inherent formulation
character. Solution properties such as a slight haze or faint coloration of high concentration
formulae, and protein formulations are typical examples of an inherent characteristic of the
product fluid, and while the condition may cause difficulties in inspection or LO assay, are not
particle-related.
Certain solution formulations may not be easily analyzed by LO. The LO method may encounter
problems with a product that does not have clarity and a viscosity approximating those of
water. Furthermore, formulation characteristics such as color, high viscosity, or inherent
formulation properties, such as shear-induced changes, may generate erroneous LO data.
Similarly, products that produce air or gas bubbles when drawn into the LO sensor, such as
bicarbonate-buffered formulations may generate erroneous data. For these product types the
MM method may have to be used. Documentation demonstrating that the LO procedure is
incapable of testing the test article or produces invalid results may aid regulatory filing
strategy. It is expected that most test articles will meet the requirements on the basis of the
LO test alone; however, it may be necessary to assay some test articles by the LO method
followed by the MM method in order to reach a conclusion.
There may be a desire to test lower volumes of certain products due to limited sample, high
product cost, low container volume, or due to special fluid delivery characteristics. Examples
include biopharmaceuticals, low-volume parenteral and ophthalmic products, and formulations in
novel packages intended for specific medical targets. The expectation is limits compliance for
these products; however, one may employ methods validated by the manufacturer to
demonstrate conformance with the test limits. Special low-volume “sippers” for LO sampling and
the pooling of multiple containers may be necessary for these package presentations. Consider
this example: a low-volume (100 µL) product is packaged in a pre-filled sterile syringe. The
nature of the package allows simple delivery of the solution product and may be used for direct
sampling but the 100 µL volume precludes the pooling of the larger volumes (~25 mL) for the
LO method. Direct sampling to a small membrane for microscopical counting and evaluating
single and pooled package particle content may be the optimal means to collect data. Also in
this example, careful statistical evaluation of the batch population using small sample volumes
(but not doses) will be necessary to validate product acceptability.

Figure 1. Increasing Probability of Visual Detection.
LIGHT OBSCURATION PARTICLE COUNT TEST
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Test Apparatus
The apparatus is a liquid-borne particle counting system that uses a light-obscuration sensor
with a suitable sample-feeding device to deliver controlled aliquots of sample for analysis.
Suspended particles in the sample fluid flowing between a light source and sensor produce
changes in signal that are correlated to particle dimension. Due to the nature of the detection
and counting system, air bubbles and immiscible liquids may block sufficient light to be recorded
along with the target suspended particles. These artifacts must be diminished through proper
preparation techniques. Solutions with excessive immiscible liquids may not be amenable to LO
analysis. A variety of suitable devices of this type are commercially available. It is the
responsibility of those performing the test to ensure that the operating parameters of the
instrumentation are appropriate to the required accuracy and precision of the test result, the
artifacts and interferences inherent in certain products, and with certain methods of
preparation are eliminated or accommodated. An example is a protein formulation that may form
shear-induced semi-solids due to mixing and counted as “particles.” Adequate training must be
provided for those responsible for the technical performance of the test.
It is important to note that for Pharmacopeial applications the ultimate goal is that the particle
counter reproducibly size and count particles present in the material under investigation. The
instruments available range from systems where calibration and other components of
standardization must be carried out by manual procedures to sophisticated systems
incorporating hardware- and software-based functions for the standardization procedures.
Thus, it is not possible to specify exact methods to be followed for standardization of the
instrument, and it is necessary to emphasize the required end result of a standardization
procedure rather than a specific method for obtaining this result. This section is intended to
emphasize the criteria that must be met by a system rather than specific methods to be used
in their determination. It is the responsibility of the user to apply the various methods of
standardization applicable to a specific instrument. Critical operational criteria consist of the
following.
Sensor Concentration Limits—Use an instrument that has a concentration limit (the maximum
number of particles per mL) identified by the manufacturer that is greater than the
concentration of particles in the test specimen to be counted. The vendor-certified
concentration limit for a sensor is specified as that count level at which coincidence counts
due to the simultaneous presence of two or more particles in the sensor view volume compose
less than 10% of the counts collected for 10-µm particles.
Sensor Dynamic Range—The dynamic range of the instrument used (range of sizes of particles
that can be accurately sized and counted) must include the smallest particle size to be
enumerated in the products.
Instrument Standardization Tests
The following discussion of instrument standardization emphasizes performance criteria rather
than specific methods for calibrating or standardizing a given instrument system. This approach
is particularly evident in the description of calibration where allowance must be made for
manual methods as well as those based on firmware, software, or the use of electronic testing
instruments. Appropriate instrument qualification is essential to performance of the test
according to requirements. Since different brands of instruments may be used in the test, the
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user is responsible for ensuring that the counter used is operated according to the
manufacturer's specific instruction; the principles to be followed to ensure that instruments
operate within acceptable ranges are defined below. The following information for instrument
standardization helps ensure that the sample volume accuracy, sample flow rate, particle size
response curve, sensor resolution, and count accuracy are appropriate to performance of the
test. Conduct these procedures at intervals of not more than six months.
SAMPLE VOLUME ACCURACY
Since the particle count from a sample aliquot varies directly with the volume of fluid sampled,
it is important that the sampling accuracy is known to be within a certain range. For a sample
volume determination, determine the dead (tare) volume in the sample feeder with particle-free
water.1 Transfer a volume of particle-free water that is greater than the sample volume to a
container, and weigh. Using the sample feeding device, withdraw a volume that is appropriate
for the specific sampler, and again weigh the container. Determine the sample volume by
subtracting the tare volume from the combined sample plus tare volumes. Verify that the value
obtained is within 5% of the appropriate sample volume for the test. Alternatively, the sample
volume may be determined using a suitable Class A graduated cylinder (see Volumetric
Apparatus 31 ). [Note—Instruments of this type require a variable tare volume. This is the
amount of sample withdrawn before counting. This volume may be determined for syringeoperated samplers by setting the sample volume to zero and initiating sampling so that the only
volume of solution drawn is the tare. Subtract the tare volume from the total volume of solution
drawn in the sampling cycle to determine the sample volume.]
SAMPLE FLOW RATE
Verify that the flow rate is within the manufacturer's specifications for the sensor used. This
may be accomplished by using a calibrated stopwatch to measure the time required for the
instrument to withdraw and count a specific sample volume (i.e., the time between beginning
and ending of the count cycle as denoted by instrument indicator lights or other means).
Sensors may be operated accurately over a range of flow rates. Perform the Test Procedure
below at the same flow rate as that selected for calibration of the instrument.
CALIBRATION
USP 788 specifies the use of dispersions of spherical particles of known sizes between 10
µm and 25 µm in particle-free water. More options follow:
Manual Method—Calibrate the instrument with a minimum of three calibrators such as nearmono-size polystyrene spheres having diameters of about 10, 15, and 25 µm in an aqueous
particle-free vehicle. The calibrator spheres must have a mean diameter of within 5% of the
nominal diameters and be standardized against materials traceable to NIST standard reference
materials.2 The total number of spheres counted must be within the sensor's concentration
limit. Prepare suspensions of the calibrator spheres in water at a concentration of 1000–5000
particles/mL, and determine the channel setting that corresponds to the highest count setting
for the sphere distribution. This is determined by using the highest count threshold setting to
split the distribution into two bins containing equal numbers of counts with the instrument set
in the differential count mode (moving window half-count method). Use only the central portion
of the distribution in this calculation to avoid including asymmetrical portions of the peak. The
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portion of the distribution, which must be divided equally, is the count window. The window is
bounded by threshold settings that will define a threshold voltage window of ±20% around the
mean diameter of the test spheres. The window is intended to include all single spheres taking
into account the standard deviation of the spheres and the sensor resolution while excluding
noise and aggregates of spheres. The value of 20% was chosen on the basis of the worst-case
sensor resolution of 10% and the worst-case standard deviation of the spheres of 10%. Since
the thresholds are proportional to the cross-sectional area of the spheres (and all particles)
rather than the diameter, the lower and upper voltage settings are determined by the
equations:
VL = 0.64VS
in which VL is the lower voltage setting, and VS is the voltage at the peak center, and
VU = 1.44VS
in which VU is the upper voltage setting. Once the center peak thresholds are determined, use
these thresholds for the standards to create a regression of log voltage versus log particle size,
from which the instrument settings for the 10- and 25-µm sizes can be determined.
Automated Method—The calibration (size response) curve may be determined for the
instrument-sensor system by the use of validated software routines offered by instrument
vendors; these may be included as part of the instrument software or used in conjunction with
a microcomputer interfaced to the counter. The use of these automated methods is appropriate
if the vendor supplies written certification that the software provides a response curve
equivalent to that attained by the manual method and if the automated calibration is validated
as necessary by the user.
Electronic Method—Using a multichannel peak height analyzer, determine the center channel
of the particle counter pulse response for each standard suspension. This peak voltage setting
becomes the threshold used for calculation of the voltage response curve for the instrument.
The standard suspensions used for the calibration are run in order, and median pulse voltages
for each are determined. These thresholds are then used to generate the size response curve
manually or via software routines. The thresholds determined from the multichannel analyzer
data are then transferred to the counter to complete the calibration.
SENSOR RESOLUTION
The particle size resolution of the instrumental particle counter is dependent upon the sensor
used and may vary with individual sensors of the same model. Determine the resolution of the
particle counter for 10-µm particles, using the 10-µm calibrator spheres. The relative standard
deviation of the size distribution of the standard particles used is NMT 5%. Acceptable methods
of determining particle size resolution are (1) manual determination of the amount of peak
broadening due to instrument response; (2) using an electronic method of measuring and
sorting particle sensor voltage output with a multichannel analyzer; and (3) automated
methods.
Manual Method—Adjust the particle counter to operate in the cumulative mode or total count
mode. Refer to the calibration curve obtained earlier, and determine the threshold voltage for
the 10-µm spheres. Adjust three channels of the counter to be used in the calibration
procedure as follows:
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Channel 1 is set for 90% of the threshold voltage.
Channel 2 is set for the threshold voltage.
Channel 3 is set for 110% of the threshold voltage.
Draw a sample through the sensor observing the count in Channel 2. When the particle count in
that channel has reached approximately 1000, stop counting, and observe the counts in
Channels 1 and 3. Check to see if the Channel 1 count and Channel 3 count are 1.68 ± 10%
and 0.32 ± 10%, respectively, of the count in Channel 2. If not, adjust Channel 1 and Channel
3 thresholds to meet these criteria. When these criteria have been satisfied, draw a sample of
suspension through the counter until the counts in Channel 2 have reached approximately
10,000 or until an appropriate volume (e.g., 10 mL) of the sphere suspension has been
counted. Verify that Channel 1 and Channel 3 counts are 1.68 ± 3% and 0.32 ± 3%,
respectively, of the count in Channel 2. Record the particle size for the thresholds just
determined for Channels 1, 2, and 3. Subtract the particle size for Channel 2 from the size for
Channel 3. Subtract the particle size for Channel 1 from the size for Channel 2. The values so
determined are the observed standard deviations on the positive and negative side of the mean
count for the 10-µm standard. One commonly used method for calculating the percentage of
resolution of the sensor is the following:
% resolution = (100/D) × [(SObs )2

(SStd)2]½

in which SObs is the highest observed standard deviation determined for the sphere standard;
SStd is the supplier’s reported standard deviation for the spheres; and D is the diameter, in µm,
of the spheres as specified by the supplier. The resolution is NMT 10%.
Automated Method—Software that allows for the automated determination of sensor
resolution is available for some counters. This software may be included in the instrument or
used in conjunction with a microcomputer interfaced to the counter. The use of these
automated methods is appropriate if the vendor supplies written certification that the software
provides a resolution determination equivalent to the manual method and if the automated
resolution determination is validated as necessary by the user.
Electronic Method—Record the voltage output distribution of the particle sensor using a
multichannel analyzer while sampling a suspension of the 10-µm particle size standard. To
determine resolution, move the cursor of the multichannel analyzer up and down the electric
potential scale from the median pulse voltage to identify a channel on each side of the 10-µm
peak that has approximately 61% of the counts observed in the center channel. Use of the
counter size response curve to convert the mV values of these two channels to particle sizes
provides the particle size at within one standard deviation of the 10-µm standard. Use these
values to calculate the resolution as described under Manual Method.
PARTICLE COUNTING ACCURACY—SYSTEM SUITABILITY
Determine the particle counting accuracy of the instrument, using Method 1 (for sensors
requiring the moving window half-count (MWHC) method for calibration), Method 2 (for
multichannel sensors), or Method 3 for any instrument (manual comparison to membrane
microscope method).
Method 1—MWHC Instruments
Procedure—Prepare the suspension and blank using the USP Particle Count RS. With the
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instrument set to count in the cumulative (total) mode, collect counts at settings of greater
than or equal to 10 µm and greater than or equal to 15 µm. Prepare the blank and suspension
sample in the same manner. Degas the mixture by one of three means: by sonication (at 80–
120 watts) for about 30 s, by allowing to stand, or by vacuum. Gently stir the contents by
hand-swirling or by mechanical means, taking care not to introduce air bubbles or
contamination. Stir continuously throughout the analysis. Withdraw three consecutive volumes
directly from the container. Historically, these have been volumes of NLT 5 mL each due to
instrument limitations and the desire to maximize sample volume. However, where desired,
volumes may be utilized that meet the standardization criteria and address the sensitivities of
the formulation. Obtain the particle counts, and discard the data from the first portion. [Note
—Complete the procedure within five min.] Repeat the procedure using the suspension in place
of the blank. From the averages of the counts resulting from the analysis of the two portions of
the suspension at greater than or equal to 10 µm and from the analysis of the two portions of
the blank at greater than or equal to 10 µm, calculate the number of particles in each mL by
the formula:
(PS – PB)/V
in which PS is the average particle count obtained from the suspension; PB is the average
particle count obtained from the blank; and V is the average volume, in mL, of the 4 portions
tested. Repeat the calculations using the results obtained at the setting of NLT 15 µm.
Interpretation—The MWHC instrument meets the requirements for Particle Counting Accuracy if
the count obtained at 10 µm and the ratio of the counts obtained at greater than or equal to
10 µm to those obtained at greater than or equal to 15 µm conform to the values that
accompany the USP Particle Count RS. If the instrument does not meet the requirements for
Particle Counting Accuracy, and adequate test volumes remain, repeat the procedure with
them; if insufficient volumes remain, prepare new suspension and blank, and then repeat the
procedure. If the results of the second test are within the limits given above, the instrument
meets the requirements of the test for Particle Counting Accuracy. If on the second attempt
the system does not meet the requirements of the test, determine and correct the source of
the failures, and retest the instrument.
Method 2—Multichannel Instruments
Procedure—Use one of three standards: (1) a dilution of the USP Particle Count Reference
Standard (USP PCRS); (2) commercial preparation of standard calibrator spheres of nominal
diameter 15–30 µm in a suspension containing 50–200 particles per mL, certified by the
manufacturer; or (3) a laboratory-prepared suspension of standard calibrator spheres having a
nominal diameter of 15–30 µm, containing between 50 and 200 particles per mL. Use of nonUSP standards 2 and 3 is acceptable when they are compliant with USP standardization
criteria: five successive counts are NMT ±10% of stated size.
Degas the suspension by one of three means: by sonication (at 80–120 watts) for about 30
sec, by allowing to stand, or by vacuum. Gently stir the contents by hand-swirling or by
mechanical means, taking care not to introduce air bubbles or contamination. Stir continuously
throughout the analysis, and perform five counts on 5-mL volumes of the suspension, using the
particle counter 10-µm size threshold. Obtain the mean cumulative particle count per mL.
Interpretation—The instrument meets the requirements for Particle Counting Accuracy if the
count obtained at greater than or equal to 10 µm conforms to the values that accompany the
USP Particle Count RS. If the instrument does not meet the requirements for Particle Counting
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Accuracy, repeat the procedure. If the results of the second test are within the limits given
above, the instrument meets the requirements of the test for Particle Counting Accuracy. If on
the second attempt the system does not meet the requirements of the test, determine and
correct the source of the failures, and retest the instrument.
Method 3—Alternate Manual Method
Procedure—Prepare a suspension of standard calibrator spheres having a nominal diameter of
15–30 µm, containing 50–200 particles per mL. Degas the suspension by one of three means:
by sonication (at 80–120 watts) for about 30 s, by allowing to stand or by vacuum. Gently stir
the contents by hand-swirling or by mechanical means taking care not to introduce air bubbles
or contamination. Stir continuously throughout the analysis and perform five counts on 5-mL
volumes of the suspension, using the particle counter 10-µm size threshold. Obtain the mean
cumulative particle count per mL. Pipette a volume of this suspension containing 250–500
particles into a filter funnel prepared as described for Microscope Particle Count Test, Filtration
Apparatus below. After drying the membrane, count the total number of standard spheres
collected on the membrane filter. This count should be within 20% of the mean instrumental
count per mL for the suspension.
Test Environment
Specimens must be cleaned to the extent that the level of particles added by testing has a
negligible effect on the outcome of the test.
Cleanse glassware, closures, and other required equipment, preferably by immersing and
cleaning the items using warm, nonionic detergent solution. Rinse in flowing tap water, and
then rinse again in flowing filtered water. Organic solvents may also be used to facilitate
cleaning. [Note—These steps describe one way to clean equipment; alternatively, particulatefree equipment may be obtained from a suitable vendor.] Preferably, the test specimen,
glassware, closures, and other required equipment are then finally rinsed with filtered water,
using a hand-held pressure nozzle with final filter or other appropriate filtered water source
within an environment protected by high-efficiency particulate air (HEPA) filters. While
conducting the assay, non-shedding garments and powder-free gloves are worn within the
HEPA environment. Perform the test in an environment that does not contribute any significant
amount of particulate matter.
To collect blank counts, use a cleaned vessel of the type and volume representative of that to
be used in the test. Place a 50-mL or more volume of filtered water in the vessel, and agitate
the water sample in the cleaned glassware by inversion or swirling. [Note—A smaller volume,
consistent with the article to be counted, can be used.] Degas by the same method to be used
for the product samples, by one of three means; sonication (at 80–120 watts) for about 30
sec, by vacuum, or by allowing to stand. Swirl the vessel containing the water sample by hand
or agitate by mechanical means to suspend particles.
As described in 788 : Determine the particulate matter in 5 samples of filtered water, each
of 5 mL. If the number of particles of 10 µm or greater size exceeds 25 for the combined 25
mL (NMT 1/mL), the precautions taken for the tests are not sufficient.
It is recommended that when utilizing the test for the 789 method, the blank test should be
considered failed, if in addition, the number of particles of 25 µm or greater in size exceeds 3.
Test Procedure
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TEST PREPARATION
Prepare the test specimens in the following sequence. Outside of the unidirectional airflow
cabinet to be used for the test, remove outer closures and sealing bands, but not the sealing
closure. If shedding is noted to be an issue, remove or tape over the product labels as well.
Place the samples in the test cabinet, and rinse the exteriors of the containers with filtered
water as directed under Test Environment. Protect the containers from environmental
contamination until analyzed. After proper mixing, open and withdraw, pour, or otherwise
sample the contents of the containers under test in a manner least likely to generate particles
that could enter the test specimen. Contents of containers with removable stoppers may be
poured out directly after removing the closures. Sampling devices having a needle to penetrate
the unit closure may also be employed. Products packaged in flexible plastic containers may be
sampled by cutting the medication or administration port tube or a corner from the unit with a
suitably cleaned razor blade or scissors. Dry or lyophilized products may be constituted using
their internal diluent, by removing the closure to add supplied product diluent or by injecting
filtered water via hypodermic syringe. If test specimens are to be pooled, remove the closure
and empty the contents into a clean container.
NUMBER OF TEST SPECIMENS
USP 788 provides the sampling plan according to product volume. For all products,
regardless of volume, comprehensive experience regarding the integrity and consistency of the
batch is gained throughout development allowing the proper sampling plans to be applied in
commercial production that ensure sample selection is representative of batch quality. All
batches must have sampling plans that accommodate desired statistical measures of batch
quality and facilitate process control.
PRODUCT DETERMINATION
Depending upon the dosage form being tested, proceed as directed under the appropriate
category below.
Liquid Preparations—
Volume in Container Less Than 25 mL—Prepare the containers as directed under Test
Preparation. Mix, and suspend the particulate matter in each unit by inverting the unit 20
times. [Note—Because of the small volume of some products, it may be necessary to agitate
the solution more vigorously to suspend the particles properly.] Open, and combine the
contents of 10 or more units in a cleaned container to obtain a volume of NLT 25 mL. Degas
the pooled solution by one of three means: sonication for about 30 sec, or by vacuum, or by
allowing the solution to stand.
Gently stir the contents of the container by hand-swirling or by mechanical means, taking care
not to introduce air bubbles or contamination. Remove four portions that conform to the
volumes utilized in the IST, and count the number of particles equal to or greater than 10 µm
and 25 µm. Disregard the result obtained for the first portion. [Note—For low-volume products,
a pool of 15 or more units may be necessary to achieve a pool volume sufficient for four 5-mL
sample aliquots. Smaller sample aliquots (i.e., less than 5 mL) can be used if the assay result
obtained with the smaller aliquots is validated to give an assessment of batch suitability
equivalent to that obtained with the 5-mL aliquots specified above.]
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Volume in Container 25 mL or More—Prepare the containers as directed under Test
Preparation. Mix, and suspend the particulate matter in each unit by inverting the unit 20 times
prior to opening the container for degassing. Degas the solution by one of three means: by
sonication for about 30 sec, or by vacuum, or by allowing the solution to stand. When
sampling, ensure that the counter probe can be inserted into the middle of the solution. Gently
stir the contents of the unit by hand-swirling or by mechanical means. Remove four portions,
each of not less than 5 mL, and count the number of particles equal to or greater than 10 µm
and 25 µm. Disregard the result obtained for the first portion.
Dry or Lyophilized Preparations—Prepare the containers as directed under Test Preparation.
Open each container, taking care not to contaminate the opening or cover. Constitute as
directed by the labeling according to the Test Preparation. Alternately, depending on the
experiment, use:
filtered water or
an appropriate laboratory-filtered diluent if suitable.
Replace the closure, and manually agitate the container sufficiently to ensure dissolution of the
drug. [Note—For some dry or lyophilized products, it may be necessary to let the containers
stand for a suitable interval, and then agitate again to effect complete dissolution.] After the
drug in the constituted sample is completely dissolved, degas the solution by sonication for
about 30 sec, or by exposing to vacuum, or by allowing the solution to stand. When sampling,
ensure that the counter draw or sipping probe can be inserted into the middle of the solution.
Gently stir the contents of the unit by hand-swirling or by mechanical means to mix, and
suspend any particulate matter. Proceed as directed for the appropriate unit volume under
Liquid Preparations, and analyze by withdrawing a minimum of four portions, each of NLT 5 mL,
and count the number of particles equal to or greater than 10 µm and 25 µm. Disregard the
result obtained for the first portion.
Products Packaged with Dual Compartments Constructed to Hold the Drug Product and
a Solvent in Separate Compartments—Prepare the units to be tested as directed under Test
Preparation and according to product insert directions. Mix each unit as directed in the labeling,
activating, and agitating so as to ensure thorough mixing of the separate components and drug
dissolution. Open, and degas the units or pooled specimen to be tested by one of three means:
sonication, or by vacuum, or by allowing the solution to stand. Proceed as directed for the
appropriate unit volume under Liquid Preparations, mix, and suspend the particulate matter
present in each unit by inversion or swirling or by mechanical means. Analyze by withdrawing a
minimum of four portions, each of not less than 5 mL, and count the number of particles equal
to or greater than 10 µm and 25 µm. Disregard the result obtained for the first portion.
Products Labeled “Pharmacy Bulk Package Not for Direct Infusion”—Proceed as directed
for Liquid Preparations where the volume is 25 mL or more. Calculate the test result on a
portion that is equivalent to the maximum dose given in the labeling. For example, if the total
bulk package volume is 100 mL and the maximum dose volume is 10 mL, then the average LO
particle count per mL would be multiplied by 10 to obtain the test result based on the 10-mL
maximum dose. [Note—For the calculations of test results consider this maximum dose portion
to be the equivalent of the contents of one full container.]
LO Calculations
Note that the particle limits must be reported as all particles

10 µm and all particles

25
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µm. If the instrument has been configured to count in differential bins, such as
25–50 µm,

50 µm, etc., all bins

10 µm must be added to yield total

25 µm need to be added to yield total count

µm–25 µm, c) 25 µm–40 µm, d) 40 µm–75 µm, e)
They would then calculate PS 10 as:
10

=P

10–15 µm

+P

15–25 µm

+P

10 µm count; all bins

25 µm.

For example, the analyst has counted the test samples in eight bins: a)

PS

10–25 µm,

25–40 µm

+P

10–15 µm, b)

75 µm–100 µm, and f)

40–75 µm

+P

75–100 µm

+P

15

100 µm.

100 µm

Pooled Samples—Average the counts from the two or more aliquot portions analyzed. Calculate
the number of particles in each container by the formulae:
PS 10 VT/VAn
PS 25 VT/VAn
in which PS 10 is the average particle count per threshold obtained from all portions analyzed
and PS 25 is the average particle count per threshold obtained from all portions 25 µm
analyzed. VT is the volume of pooled sample, in mL; VA is the volume, in mL, of each portion
analyzed; and n is the number of containers pooled.
Individual Samples—Average the counts obtained for the 5-mL or greater aliquot portions from
each separate unit analyzed, and calculate the number of particles in each container by the
formulae:
PS 10 V/VA
PS 25 V/VA
in which PS 10 is the average particle count per threshold obtained from all portions analyzed;
and PS 25 is the average particle count per threshold obtained from all portions 25 µm
analyzed. V is the volume, in mL, of the tested unit; and VA is the volume, in mL, of each
portion analyzed.
Individual Unit Samples—Average the counts obtained for the two or more 5-mL aliquot portions
taken from the solution unit. Calculate the number of particles in each mL of product solution
taken by the formulae:
PS 10 /V
PS 25 /V
in which PS 10 is the average particle count per threshold obtained from all portions analyzed
and PS 25 is the average particle count per threshold obtained from all portions 25 µm
analyzed. V is the volume, in mL, of the portion taken.
For all types of product, if the tested material has been diluted to decrease the viscosity, the
dilution factor must be accounted for in the calculation of the final test result. For all test
results, the particle count

10 µm represents all threshold bin counts.

MEMBRANE MICROSCOPE PARTICLE COUNT TEST
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The microscope particulate matter test may be applied to both large-volume and small-volume
parenteral injections and to ophthalmic solution products as well. This test enumerates
essentially solid3 particulate matter 10 µm in these products, after collection, rinsing, and
drying on a micro-porous membrane filter. Since a wide range of test aliquots may be utilized,
particle counts may be determined on a per-volume or per-container basis without dilution or
extrapolation.
In the performance of the membrane microscope assay, one estimates the size of retained
solids viewed at 100× magnification, tabulating them into specific size categories. In this
process, one may encounter materials on the membrane surface that do not appear solid or
substantial, showing little or no surface relief such as a “stain” or discontinuity on the
membrane. Chapter 788 advises not to attempt to size or enumerate such semi-solid
particles, due to historical comment from LVP terminal sterilization manufacturers that
encountered stain-like brown residues after heat sterilization of Dextrose solutions. However, if
not sampling a carbohydrate solution or similarly-performing formulation, recognizing the
presence of such material is adds a measure of formulation robustness. Consistent evidence of
such materials may be indication that further development research is warranted to understand
their content. The nature of these materials and subsequent decision to count or investigate
must be based upon product formulation experience. Interpretation of microscopical
enumeration may be aided by testing a sample of the solution by the LO particle count or a
validated, alternate method.
The Test Apparatus is described in 788 . Additional comments are:
Use a compound binocular microscope that corrects for changes in interpupillary
distance by maintaining a constant tube length.
The objective must be of 10× nominal magnification, a planar achromat or better in
quality with a minimum 0.25 numerical aperture.
The objective must be compatible with an episcopic illuminator attachment.
The eyepieces must be matched. In addition, one eyepiece must be designed to accept
and focus an eyepiece graticule. The microscope must have a mechanical stage capable
of holding and traversing the entire filtration area of a 25-mm or 47-mm membrane filter.
Two illuminators are required. Both illuminators must be of sufficient output to provide a
bright and even source of illumination and may be equipped with blue daylight filters to
decrease operator fatigue during use.
The USP graticule as described in

788

is used.

Stage Micrometer—Graduated in 10-µm increments, utilized each day-of-use. For initial
calibration, utilize a stage micrometer that is certified by NIST to verify the USP graticule
installation. Thereafter, for daily calibration/verification, one may utilize a commercial stage
micrometer graduated in 10-µm increments to verify proper setup.
Filtration Apparatus—Use a filter funnel suitable for the volume to be tested generally having an
inner diameter of about 16 mm for 25-mm membranes or about 37 mm for 47-mm membranes.
The funnel is made of plastic, glass, or stainless steel. Use a filter support made of stainless
steel screen or sintered glass as the filtration diffuser. A solvent dispenser capable of delivering
solvents filtered through a membrane filter at a range of pressures from 10 psi–80 psi.
Membranes—As described by 788 ; however, finer pore size selections will have smoother
surfaces, facilitating the microscopical examination; however, may impede more viscous sample
fluid during the assay.
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Test Environment
Following discussion is recommended operational detail to enhance the conductance of the MM
assay.
It is ideal to use two unidirectional airflow hood (UAFH) or other unidirectional airflow
enclosures, one for “wet” sample preparations, and the other an enclosure for the microscope
counting phase. The UAFH having a capacity sufficient to envelop the area in which the
analysis is prepared. The UAFH provides HEPA-filtered air which typically contains NMT 100
particles (0.5 µm or larger) per cubic foot. A blank determination is necessary at the beginning
of each test sequence to verify minimal contribution from the background, equipment and
personnel operations. What is the definition of a test sequence? Should it be one per shift, one
per product family, one per series of filtrations (manifold), or one per sample? Any of these
definitions may be suitable, dependant upon the operational needs of the lab system. The
ability to clean glassware between samples, the number of different products being run, and
the volume of samples through the lab will determine the appropriate control. However,
consider the blank to be a system suitability check, and if it fails, all samples run prior to it up
to the previous blank, are suspect.
To determine the blank count, duplicate the sample preparation process, in regard to the
apparatus and membrane types. Assemble a clean filtration apparatus with a fresh membrane,
rinse the interior with filtered water to drain, then deliver a 50-mL or more volume of filtered
water to the filtration funnel while applying vacuum, and draw the entire volume of water
through the membrane filter. Remove the membrane from the filter funnel base, and place onto
a holding device as will be used for test specimens; typically atop a strip of double-sided tape
on a microscope slide or in a commercial membrane holder or Petri dish. After allowing the
membrane to dry (it must be counted dry), examine the entire filtration area microscopically at
a magnification of 100×. If NMT 20 particles 10 µm and NMT 5 particles 25 µm or larger are
present within the filtration area, the background particle level is sufficiently low for
performance of the microscope assay for
the procedure.

788 . If particle load exceeds these limits, repeat

There is value in further limiting the background for both

788

and

789

testing in regard

to good laboratory practice, and more specifically in regard to the 789
25 µm and 50
µm limits, which may be considered more restrictive than injectable limits in consideration of
total particle content allowed for the (usually) small unit volumes. Compare total particle load
for a small SVI, small LVI versus a 5-mL ophthalmic product in Table 1.
Table 1. Comparison of Total At-Limit Load for Selected Products.
Ophthalmic
Size
Blank
SVI,
LVI,
Product,
Limit
Count
5 mL
125 mL
5 mL
3000
1500
250
10 µm
20
particles particles
particles
300
250
25
25 µm
5
particles particles
particles
not
10
50 µm defined
N/A
N/A
particles
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789

applications and in low-particle count injectable product,

the laboratory should strive for consistent and lower blank counts such as NMT 5

10 µm,

NMT 1 25 µm, and none 50 µm per blank.
Throughout the operational procedure (in the HEPA environment) it is preferable to use powderfree gloves and low-shedding clothing. Prior to conducting the test, clean the work surfaces of
the unidirectional flow enclosure with an appropriate filtered solvent. Glassware and equipment
should be rinsed successively with a warm, residue-free solution of detergent, hot water,
filtered distilled or deionized water, and isopropyl alcohol. [Note—Prior to use, pass the distilled
or deionized water and the isopropyl alcohol through membrane filters having a nominal pore
size of 0.2-µm or finer.] Perform the rinsing in the unidirectional airflow enclosure. Allow the
glassware and filtration apparatus to dry in the unidirectional airflow enclosure, upstream of all
other operations. Preferably, the enclosure is located in a separate room that is supplied with
filtered air-conditioned air and maintained under positive pressure with respect to the
surrounding areas.
MICROSCOPE PREPARATION
The microscope optical alignment and illumination are critical for success of this method.
Although it is not difficult to differentiate a 10-µm from a 25-µm particle at 100× with reflected
light, the decision regarding the boundary at each size category will be difficult with poor
equipment, maintenance, or optical alignment. Also operator fatigue is caused by poor
microscope alignment. We will have to make decisions such as “is this particle 9 µm or 11 µm?”,
and “is that particle 24 µm or 26 µm?” Optimized system resolution, that is, the ability to
discern discrete points of minimal separation, relies upon good optical systems, aligned well.
Factors including instrument cleanliness, resolution, e.g., objective N.A.,4 focus of both
eyepieces and the graticule will play significant roles in attaining best images. In consideration
of optimizing the use of the binocular compound microscope, it is best to utilize operators
familiar with the instrument, and comfortable with alignment. The operator conducting the
method should align the optics and illumination for their use, with supervisory/trainer approval.
It is recommended to start with alignment of the microscope for a typical transmitted
illumination observation using a known sample. Any specimen familiar to the operator will
suffice; however, a common particle count reference standard suspension such as the USP
PCRS is a recommended selection, since it is also utilized in method system suitability
evaluation. A drop of the USP PCRS is placed between a glass microscope slide and cover slip
and viewed microscopically.5 With appropriate interpupillary distance and a comfortable sitting
position at the microscope, the operator examines the fields of suspended spheres. One should
observe the small standard spheres crisply in a combined field (with ease) for both eyes. One
attains crisp focus and ease of view after separate focal adjustment of each eyepiece focus
for a single point on the specimen.
Rotate the graticule in the right microscope eyepiece so that the linear scale is located at the
bottom of the field of view, bringing the graticule into sharp focus by adjusting the right
eyepiece diopter ring while viewing an out-of-focus specimen. Focus the microscope on a
specimen, looking through the right eyepiece only. Then, looking through the left eyepiece,
adjust the left eyepiece diopter to bring the specimen into sharp focus.
When the operator is not comfortable using the microscope or does not attain an equivalent
crisp focus for each eye in a merged field of view, the counting will become a difficult
experience and fatigue and flawed size comparison will result.
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Nothing is better for preparing the operator for counting particles than to examine a test
membrane as a positive control. Seasoned microscopists may not require this step, but for new
operators or individuals conducting many different types of methods in the modern laboratory,
familiarization is a prudent exercise. A filter membrane of the type being used for the method,
such as a 25-mm color-contrast, plain 0.45-µm nominal pore size, containing particles, is a
good choice. This may be a sample from previous method that contains a variety of particle
types, or one prepared for familiarization. This positive test control will contain natural particles
(flakes, threads, equant particles, various colors/opacity, a range of sizes, etc.) to effectively
refresh the operator's sensitivity and facilitate microscope and illumination alignment for optimal
viewing.
One would examine the membrane preparation, locate a typical array of particles and first bring
the illumination into good alignment:
1. Adjust the external, incident illumination at an oblique angle (10 –20 to the method) so
that an even ellipse of reflected light is visible on the membrane and an even
illumination evident through the eyepiece field of view (even across the full field).
Shadows will be evident from larger particles, such as those with z axis > 5 µm (z axis is
the microscope optical axis).
2. Adjust the internal episcopic brightfield illuminator to yield an even illumination at a high
setting on the transformer control, but more importantly, when dialing down the
illumination one observes the evident shadow from the larger particles. In this manner,
the high reflectivity of flat, glassy particles (find one) and the distinct shadows of more
equant (x:y:z ~ 1:1:1) particles is evident.
USING THE CIRCULAR DIAMETER GRATICULE
The USP graticule is specifically fabricated for each microscope. The relative error of the
graticule used must be ±2% and is initially measured with an NIST-certified stage micrometer.
To accomplish this, align the graticule micrometer scale with the stage micrometer so that they
are parallel. (Compare the scales, using as large a number of graduations on each as possible.)
Read the number of graticule scale divisions, GSD, compared to stage micrometer divisions,
SMD. Calculate the relative error by the formula:
100[(GSD

SMD)/SMD]

A relative error of ±2% is acceptable and verifies good alignment, focus and proper
magnification. Thereafter, a day-of-use verification by the microscope operator with the NIST
stage micrometer or commercial stage micrometer is sufficient to demonstrate proper setup.
The basic technique of measurement applied with the use of the circular diameter graticule is
to count all particles 10 µm and larger, further categorizing in 10 µm and 25 µm. The
circular zone or graticule field of view is a useful zone for active sizing and counting. Particles
are compared to the linear scale and/or circles to determine their size in equivalent circular
diameter. This is conducted by transforming mentally the image of each particle into a circle
and then comparing to the 10- and 25-µm graticule reference circles. The sizing process is
carried out without superimposing the particle on the reference circles; particles are not moved
from their locations within the graticule field of view (the large circle) for comparison to the
reference circles. Compare the area of the particle being sized to that of the black or
transparent circles. Use the area of the clear graticule reference circles to size white or
transparent particles. Use the area of the black reference circles to size dark particles. The
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intent of comparing particles to an equivalent circular diameter is correlation to the LO particle
sizing methodology, for which many manufacturers have extensive databases. In practice,
particles with nearly circular areas will correlate well with the graticule circle diameters. For
particles with one long axis, such as rods and needles, the conversion to circular area will
produce more significant bias to smaller estimated sizes. It may be simpler, and most
conservative, to count particles in longest chord. To use an extreme example, the total count
of mono-dispersions of fine needle crystals would vary greatly dependant upon the size
determination utilized.
In order to properly focus the ocular lenses and attain balanced single-field view, each operator
must bring the USP graticule lines into sharp focus by adjusting the eyepiece diopter ring (it
helps to have an “infinite” view,or out-of-focus specimen). Next, focus the microscope on a
specimen, through this same eyepiece, and then looking only through the other eyepiece,
adjust its diopter ring to bring the specimen into sharp focus. The USP graticule and specimen
particles are now in focus on a well-balanced illumination field.

Preparation of Filtration Apparatus and Test Preparations are covered by 788 . Further,
prepare the test specimens in the following sequence. Outside of the unidirectional airflow
cabinet to be used for the test, remove outer closures, sealing bands, and remove or tape over
labels. Rinse the exteriors of the containers with filtered water as directed under Test
Environment. Protect the containers from environmental contamination until analyzed.
Within the HEPA cabinet, open and withdraw, pour, or otherwise sample the contents of the
containers under test in a manner least likely to generate particles that could enter the test
specimen. Contents of containers with removable stoppers may be withdrawn directly by
removing the closures. Sampling devices having a needle to penetrate the unit closure may also
be employed. Products packaged in flexible plastic containers may be sampled by cutting the
medication or administration port tube or a corner from the unit with a suitably cleaned razor
blade or scissors.
For all products, regardless of volume, comprehensive experience regarding the integrity and
consistency of the batch is gained throughout development, allowing the proper sampling plans
to be applied in commercial production that ensure sample selection is representative of batch
quality. All batches must have sampling plans that accommodate desired statistical measures of
batch quality and facilitate process control.
PRODUCT PARTICLE COUNT DETERMINATION
Depending upon the dosage form being tested, proceed as directed under the appropriate
category below.
Liquid Preparations—Thoroughly mix the units to be tested by inverting 20 times. Open the
units in a manner consistent with the generation of the lowest possible numbers of background
particles. For products less than 25 mL in volume, one may open them and drain to the filtration
barrel individually or combine the contents of 10 or more units in a cleaned container. [Note
—When pooling containers, these must be included in the blank determination step.] Filter
large-volume injection units individually. Small-volume injection units having a volume of 25 mL
or more may be filtered individually.
Transfer to the filtration funnel the total volume of a solution pool or of a single unit, and apply
vacuum. If the volume of solution to be filtered exceeds the volume of the filtration funnel,
add, stepwise, a portion of the solution until the entire volume is filtered. It is prudent to
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maintain the liquid volume in the filtration funnel above one-half of the funnel volume between
refills, especially if the partial count procedure is to be used (see Enumeration of Particles,
Partial Count Procedure, below). [Note—This is necessary in order to ensure even distribution
of particles on the analytical membrane.] After the last addition of solution, begin rinsing the
walls of the funnel by directing a low-pressure stream of filtered water in a circular pattern
along the walls of the funnel, and stop rinsing the funnel before the volume falls below about
one-fourth of the fill level. Maintain the vacuum until all the liquid in the funnel is gone.
Remove the filtration funnel from the filtration base while maintaining vacuum, then turn the
vacuum off, and remove the filter membrane with non-serrated forceps. Place the filter in the
prepared holder, and label with sample identification. Allow the filter to air-dry in the
unidirectional airflow enclosure with the cover ajar.
Dry or Lyophilized Preparations—Prepare the containers as directed under Test Preparation.
Open each container taking care not to contaminate the opening or cover. Constitute as
directed by the labeling, according to the Test Preparation. Alternately, depending on the
experiment, use:
filtered water or an appropriate laboratory-filtered diluent if suitable.
Products Packaged with Dual Compartments Constructed to Hold the Drug Product and
a Solvent in Separate Compartments—Activate each unit as directed in the labeling,
agitating the contents sufficiently to ensure thorough mixing of the separate components, and
then proceed as directed for Liquid Preparations.
Pharmacy Bulk Packages or Multiple-Dose Containers—For Products Labeled “Pharmacy
Bulk Package—Not for Direct Infusion” or for multiple-dose containers, proceed as directed for
Liquid Preparations, filtering the total unit volume.
Calculate the test result on a portion that is equal to the maximum dose given in the labeling.
Consider this portion to be the equivalent of the contents of one full container. For example, if
the total bulk package volume is 100 mL and the maximum dose listed is 10 mL, the microscope
total unit volume count test result would be multiplied by 0.1 to obtain the test result for the
10-mL dose volume. [Note—For calculation of the test result, consider this portion to be the
equivalent of the contents of one full container.]
Enumeration of Particles
The microscope test described in this section is flexible in that typical artifacts such as air and
immiscible liquids do not interfere with the final count. The method has a broad size detection
and counting range, if applying the partial count procedure. This method may be used where all
particles on an analysis membrane surface are counted or where only those particles on some
fractional area of a membrane surface are counted.
TOTAL COUNT PROCEDURE
The microscope method can be tedious (boring), imprecise (poor agreement within and between
labs), and particle sizing can be inaccurate for non-spherical or equant particle shapes.
Operator fatigue is promoted by poor ergonomic fit (chair height), by poor or imbalanced ocular
focus and by excessive eye movement. Restricting the eye movement to a field-defining
graticule such as the USP counting graticule restricts eye movement to the central one-third
field of view. This significantly limits eye movement and thus fatigue.
Sample size is an important consideration in counting precision. Care must be taken to sample
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many containers within a batch for good representation of the particle distribution. Accordingly,
the portion of the individual package sampled is key. Particles may float or settle. Sampling only
the first 25 mL of a LVP or sampling without adequate and recent mixing is a mistake and will
lead to serious under-counting. Sampling whole, well-mixed containers with the particles in
suspension is the best approach.
Counting the isolated particles is an important parameter. Counting all of the particles retained
on the membrane is certainly the best approach, and then the simple problem is determining the
correct size for placement into the threshold bins, 10 µm and 25 µm. This will be increasingly
important for methods utilizing additional bins for population determination such as 5 µm, 50
µm,100 µm, etc. Note that the particle limits for
particles

10 µm and all particles

several bins, such as

10–25 µm,

788

and

789

must be reported as all

25 µm. If the lab method has been configured to count in
25–50 µm,

50 µm, etc., all bins

10 µm must be added to

yield total 10 µm count; all bins 25 µm need to be added to yield total count 25 µm. Using
a number of narrow size bins may be beneficial in product improvement efforts to separate
particle groups.
In performance of a total count, the graticule field of view (GFOV) is defined by the large circle
of the graticule, and the vertical crosshair is used as a counting target. Scan the membrane in
paths that cover the effective filtration area (EFA), adjoining but not overlapping previous scan
paths. Repeat this procedure, tabulating particle counts minimally in the 10 µm–25 µm and
25-µm thresholds, moving across the membrane until all particles on the membrane within the
EFA are counted. Record the total number of particles that are

10 µm–25 µm and the number

that are 25 µm or larger.
For large-volume products, calculate the particle count, in particles per mL, for each unit
tested by the formulas:

in which PS

10

PS

10 /V

PS

25 /V

is the total particle count obtained from all portions analyzed, PS

particle count obtained from all portions
solution tested.
50 µm –100 µm, and (d)
PS

10

=P

10–25 µm

+P

is the total

25 µm analyzed, and V is the volume, in mL, of the

For example, the analyst has counted the test samples in four bins: (a)
µm–50 µm, (c)

25

10–25 µm, (b)

25

100 µm. They would then calculate as:

25 µm –50 µm

+P

50 µm –100 µm

+P

100 µm

For small-volume products, calculate the particle count, in particles per container, by the
formulas:

in which PS

10

PS

10 /n

PS

25 /n

is the total particle count obtained from all portions analyzed, PS

particle count obtained from all portions
(1 in the case of an individual unit).

25

is the total

25 µm analyzed, and n is the number of units pooled
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PARTIAL COUNT PROCEDURE
When encountering a membrane full of particles, the task of properly counting all of them is
daunting. Consider that an SVP with an at-limit content of small particles, sampled in a 10-vial
pool would have 30,000 10-µm particles on the membrane. Partial or statistical counting of the
membrane effective filtration area may be the only means to attain reasonable results. Partial
counting should not be used to reduce count times, just as a means to estimate the total load
on a high-count isolate. A field-defining device, such as grids on the membrane surface or an
ocular graticule field of view, have been used reliably. An ocular graticule provides a sharp
boundary for area definition. Gridded membrane lines are rather broad and have ink-spatter that
may be taken for particulate matter.
Which portions and how much of the EFA should be counted? In consideration of 25-mm
membranes, the EFA is 16-mm diameter using typical commercial filtration funnels, and thus (pi
× r2) = 201 mm2. Based upon earlier proposals from the HIMA committee and discussion by
Draftz (see Reference 3), acceptable confidence intervals (Poisson distribution, 2 standard
deviations) dictate that for samples with less than 1000 particles, the imprecision of statistical
counting is objectionable. Full count is recommended for such samples. For samples with more
than 1000 particles on the isolate membrane, using a 25-mm membrane, a reasonable estimate
of particle population is attained using 20 GFOV. If a smaller confidence interval about the
result is desired a larger number of fields and particles may be counted.
For 47-mm membranes the EFA is 37 mm. These larger diameter membranes may be selected
for formulations needing more membrane surface area (having slow flow characteristics through
25-mm membranes) the EFA = (pi × r2) = (pi × 18.5 mm2) = 1075 mm2. Thus, for 47-mm
membrane EFAs, many more GFOVs must be counted to attain similar confidence. Using 100
GFOVs for partial counting of 47-mm membranes provides similar statistical confidence to the
20 GFOV/25-mm approach. Accordingly, when a particle load of 1000 or less is present, a full
count is recommended.
When a partial count of particles on a membrane is to be performed the analyst must first
ensure that an even distribution of particles is present on the membrane. This is assessed by
rapid scanning at 50× to qualitatively scan for heterogeneity or clumps of particles. If
heterogeneity is observed, one should perform a full count on the membrane. Next, count the
10-µm or larger particles in one GFOV at the edge of the filtration area as well as one in the
center of the membrane. The number of 10-µm or larger particles in the GFOV with the
highest total particle count must not be more than twice that of the GFOV with the lowest
particle count. Fully count the membrane failing these criteria.
To perform a partial count of the particles on a membrane, Include all particles

10–25 µm and

25 µm within the GFOV and those that are in contact with the right side of the GFOV circle.
Do not count particles outside of the GFOV. Ignore those that touch the left side of the GFOV
circle. The dividing line between right and left sides of the GFOV circle is the vertical cross hair
and is a useful counting line. [Note—Make the best possible judgment on particle size without
changing the membrane position, microscope magnification or illumination.]
Start at the center edge of the filtration area and begin counting adjacent GFOVs. When the
other edge of the filtration area is reached, move one GFOV toward the top of the filter and
continue counting GFOVs by moving in the opposite direction. Moving from one GFOV to the
next can be accomplished by one of two methods. One method is to define a landmark (particle
or surface irregularity in the filter) and move over one GFOV in relation to the landmark. A
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second method is to use the vernier on the microscope method to move 1 mm between GFOVs.
To facilitate the latter, adjust the microscope x- and y-method positioning controls to a whole
number at the starting position at the center right edge of the filtration area, then each GFOV
will be one whole division of movement of the x-method positioning control. If the top of the
filtration area is reached before the desired number of GFOVs is reached, begin again at the
right center edge of the filtration area one GFOV lower than the first time. This time move
downward on the membrane when the end of a row of GFOVs is reached. Continue as before
until the number of GFOVs is complete.
For large-volume products, extrapolate the total count of particles per mL by the formulas:
PS 10 AT/APV
PS 25 AT/APV
in which PS 10 is the total particle count obtained from all fields of view and all size thresholds;
PS 25 is the total particle count obtained from all fields of view and all size thresholds 25 µm;
AT is the filtration area, in mm2, of the membrane (inner filtration barrel diameter); AP is the
partial area counted, in mm2, based on the number of graticule fields counted (GFOV area ×
number of GFOV counted); and V is the volume, in mL, of solution filtered.
For a solution pool (for small-volume product units containing less than 25 mL) or for a single
unit of a small-volume product, extrapolate the total count of particles per unit by the
formulas:
PS 10 AT/APn
PS 25 AT/APn
in which PS 10 is the total particle count obtained from all fields of view and all size thresholds,
PS 25 is the total particle count obtained from all fields of view and all size thresholds 25 µm,
and n is the number of units counted (1 in the case of an individual unit). For all types of
product, if the tested material has been diluted to decrease viscosity, the dilution factor must
be accounted for in the calculation of the final test result.
REFERENCES
1. Groves MJ. The formulation of parenteral products. In: Parenteral Products, the preparation
and quality control of products for injection. William Heinemann Medical Books, Ltd. London,
1973: 43–45.
2. Knapp, J.Z and H.K. Kushner (1980). Generalized Methodology for Evaluation of Parenteral
Inspection Procedures, J. Parenteral Drug Association, 34:14.
3. Draftz RG. “Microscopical Counting, Sizing and Statistical Strategies for LVP Contaminants,”
in Conference Proceedings, International Conference on Liquid Borne Particle Inspection and
Metrology, May 11–13, 1987, Arlington VA. pp. 458–466.
1 Passed through a filter having a nominal pore size of 1.2 µm or finer.
2 ASTM standard F658-00a provides useful discussions pertaining to calibration procedures applying nearmonosize latex spheres.
3 Soft particles and semi-solid substances may also be retained.
4 N.A. is numerical aperture, an indicator of optical light-gathering capability, and thus resolution. High N.A.
correlates to high resolution.
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5 The microscope objective requires a defined cover slip thickness, nominally 170 µm, or No. 1½.

BRIEFING
Salicylaldazine, page 5754 of the Second Supplement to USP 35–NF 30. It is proposed to
update the specification for this reagent.
(HDQ: M. Marques.)

Correspondence Number—C120473

Comment deadline: November 30, 2012
Change to read:
Salicylaldazine, C14 H12 N2 O2 —240.26
[959-36-4] 2S (USP36)
—Use a suitable grade or prepare as follows. Dissolve 300 mg of hydrazine sulfate in 5 mL of
water, add 1 mL of glacial acetic acid and 2 mL of a freshly prepared 1 in 5 solution of
salicylaldehyde in isopropyl alcohol, mix, and allow to stand until a yellow precipitate is formed.
Extract the mixture with two 15-mL portions of methylene chloride. Combine the methylene
chloride extracts, and dry over anhydrous sodium sulfate. Decant the methylene chloride
solution, and evaporate it to dryness. Recrystallize the residue of salicylaldazine from a mixture
of warm toluene and methanol (60:40) with cooling. Filter, and dry the crystals under vacuum.
Melting range

741 : between 213 and 219 , but the range between beginning and end of

melting does not exceed 1 .
Chromatography—Proceed as directed in Limit of hydrazine for Povidone: the chromatogram
shows only one spot.
[Note—A suitable grade is available as catalog number 218090 from MP Biochemicals
(www.mpbio.com)] 2S (USP36)
BRIEFING
Salicylaldehyde, page 5754 of the Second Supplement to USP 35–NF 30. It is proposed to
update the specification of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C120471

Comment deadline: November 30, 2012
Change to read:
Salicylaldehyde, (2-Hydroxybenzaldehyde), 2-HOC6 H4 CHO—122.12 [90-02-8]—Clear,
colorless to yellowish-green liquid. Specific gravity: about 1.17. Slightly soluble in water;
soluble in alcohol and in ether. May contain a stabilizer.
Assay—When examined by gas-liquid chromatography, using suitable apparatus and conditions,
it shows a purity of not less than 98%.
—Use a suitable grade with a content of NLT 98.0%.

2S (USP36)

BRIEFING
Succinic Acid, page 5762 of the Second Supplement to USP 35–NF 30. It is proposed to
correct the CAS number of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C120469
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Comment deadline: November 30, 2012
Change to read:
Succinic Acid, C4 H6 O4 —118.09
110-15-6 2S (USP36)
]—Use ACS reagent grade.

[771-50-6

BRIEFING
L##. It is proposed to add this new column used in the test for Organic Impurities in the
monograph for Butalbital, published in PF 38(4) [July–Aug. 2012].
(HDQ: M. Marques.)

Correspondence Number—C88971

Comment deadline: November 30, 2012
Add the following:
L##—A silane ligand that consists of both reversed-phase (an alkyl chain longer than C8) and
anion-exchange (primary, secondary, tertiary, or quartenary amino groups) functional groups
chemically bonded to porous or non-porous silica or ceramic micro-particles, 1.0–50 µm in
diameter, or a monolithic rod. [Note—Available as Acclaim Mixed-Mode WAX-1 from Thermo
Fisher (www.thermofisher.com).] 2S (USP36)
CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
Container Specifications for Capsules and Tablets, page 5795 of the Second Supplement to
USP 35, page 1037 of PF 36(4) [July–Aug. 2010], page 1780 of PF 36(6) [Nov.–Dec. 2010], PF
37(3) [May–June 2011], PF 37(4) [July–Aug. 2011], PF 37(5) [Sept.–Oct. 2011], PF 37(6)
[Nov.–Dec. 2011], PF 38(1) [Jan.–Feb. 2012], PF 38(2) [Mar.–Apr. 2012], PF 38(3) [May–June
2012], and PF 38(4) [July–Aug. 2012].
(HDQ.)
Correspondence Number—C71470; C89101; C92111; C100602; C107272; C110266;
C113446; C116940; C117325; C117326; C117460
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Monograph Title
Add the following:
Biotin Capsules

Container
Specification
T, LR

2S (USP36)
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Add the following:
Biotin Tablets

T, LR

Add the following:
Lomustine Capsules

W

Add the following:
Lutein Capsules

T, LR

2S (USP36)

2S (USP36)

2S (USP36)

Add the following:
Naproxen Sodium and Pseudoephedrine Hydrochloride Extended-Release
Tablets

T

2S (USP36)

Add the following:
Orphenadrine Citrate, Aspirin, and Caffeine Tablets

T

2S (USP36)

Add the following:
Pioglitazone and Glimepiride Tablets

T

2S (USP36)

Add the following:
Pioglitazone and Metformin Hydrochloride Tablets

T

2S (USP36)

Add the following:
Quetiapine Tablets

W

2S (USP36)

Add the following:
Ritonavir Capsules

T, LR

Add the following:
Ritonavir Tablets

T

2S (USP36)

2S (USP36)

BRIEFING
Description and Relative Solubility of USP and NF Articles, page 5805 of the Second
Supplement to USP 35, page 1343 of PF 35(5) [Sept.–Oct. 2009], page 578 of PF 36(2) [Mar.–
Apr. 2010], PF 37(3) [May–June 2011], PF 37(6) [Nov.–Dec. 2011], PF 38(1) [Jan.–Feb. 2012],
PF 38(2) [Mar.–Apr. 2012], PF 38(3) [May–June 2012], and PF 38(4) [July–Aug. 2012]. It is
proposed to revise this reference table to reflect the proposed update of the current list of
excipient NF functional categories. See the Briefing under the general information chapter
Excipient Performance 1059 and USP and NF Excipients, Listed by Functional Category,
published elsewhere in this PF.
It is also proposed to add entries for Artemether, Azelastine Hydrochloride, Lomustine, and
Moxidectin; and to revise the entry for Irinotecan Hydrochloride.
(HDQ.)
Correspondence Number—C71535; C104021; C106154; C119296; C119688; C119694
DESCRIPTION AND SOLUBILITY
Description and Relative Solubility of USP and NF Articles
The “description” and “solubility” statements pertaining to an article (formerly included in the
individual monograph) are general in nature. The information is provided for those who use,
prepare, and dispense drugs, solely to indicate descriptive and solubility properties of an article
complying with monograph standards. The properties are not in themselves standards or tests
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for purity even though they may indirectly assist in the preliminary evaluation of the integrity of
an article.
Taste and Odor
Organoleptic characteristics are indicated in many instances because they may be useful and
descriptive properties of substances. However, they are not meant to be applied as tests for
identifying materials.
The inclusion of odor or taste among other descriptive properties may aid in identifying the
causative agent following accidental exposure to or contact with a substance. This information
is provided as a warning or to make an individual aware of sensations that may be encountered.
The use of odor or taste as a test for identification or content is strongly discouraged.
The characteristic odor of a volatile substance becomes apparent immediately on opening a
container of it. The odor may be agreeable (e.g., Peppermint Oil), unpleasant (e.g., Sulfur
Dioxide), or potentially hazardous on prolonged exposure (e.g., Coal Tar). Moreover, an
unexpected odor may be encountered if the characteristics of a substance are not known or if
a container is incorrectly labeled. Consequently, containers of such substances should be
opened cautiously, preferably in a well-ventilated fume hood. A characteristic taste or
sensation produced in the oral cavity likewise is apparent if traces of residue materials on
fingers are inadvertently brought into contact with the tongue or adjacent mucosal tissues.
Solubility
Only where a special, quantitative solubility test is given in the individual monograph, and is
designated by a test heading, is it a test for purity.
The approximate solubilities of Pharmacopeial and National Formulary substances are indicated
by the descriptive terms in the accompanying table. The term “miscible” as used in this
Pharmacopeia pertains to a substance that yields a homogeneous mixture when mixed in any
proportion with the designated solvent.
Descriptive Term
Very soluble
Freely soluble
Soluble
Sparingly soluble
Slightly soluble
Very slightly soluble
Practically insoluble, or
Insoluble

Parts of Solvent Required
for 1 Part of Solute
Less than 1
From 1 to 10
From 10 to 30
From 30 to 100
From 100 to 1000
From 1000 to 10,000
10,000 and over

Soluble Pharmacopeial and National Formulary articles, when brought into solution, may show
traces of physical impurities, such as minute fragments of filter paper, fibers, and other
particulate matter, unless limited or excluded by definite tests or other specifications in the
individual monographs.
Abacavir Sulfate: White to off-white powder. Soluble in water, in ethyl acetate, in absolute
alcohol, and in methanol.
Change to read:
Acacia: Is practically odorless and produces a mucilaginous sensation on the tongue. Insoluble
in alcohol. Optical rotation varies depending on the source of Acacia. For example, specific
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rotation values, calculated on the anhydrous basis and determined on a 1.0% (w/v) solution,
usually are between 25 and 35 for Acacia senegal and between +35 and +60 for Acacia
seyal. NF category: Emulsifying and/or solubilizing
2S (NF31)

agent; suspending and/or viscosity-increasing agent; tablet
wet 2S (NF31)
binder.
Acebutolol Hydrochloride: White or almost white, crystalline powder. Soluble in alcohol and in
water; very slightly soluble in acetone and in methylene chloride; practically insoluble in ether.
Melts at about 141 to 144 .
Acesulfame Potassium: A white, crystalline powder or colorless crystals. Soluble in water;
very slightly soluble in acetone and in alcohol. NF category: Sweetening agent.
Acetaminophen: White, odorless, crystalline powder, having a slightly bitter taste. Freely
soluble in alcohol; soluble in boiling water and in 1 N sodium hydroxide.
Acetazolamide: White to faintly yellowish-white, crystalline, odorless powder. Sparingly
soluble in practically boiling water; slightly soluble in alcohol; very slightly soluble in water.
Change to read:
Acetic Acid: Clear, colorless liquid, having a strong, characteristic odor, and a sharply acid
taste. Specific gravity is about 1.045. Miscible with water, with alcohol, and with glycerin. NF
category: Acidifying agent; buffering agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Change to read:
Glacial Acetic Acid: Clear, colorless liquid, having a pungent, characteristic odor and, when
well diluted with water, an acid taste. Boils at about 118 . Specific gravity is about 1.05.
Miscible with water, with alcohol, and with glycerin. NF category: Acidifying agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (USP36)
Acetohexamide: White, crystalline, practically odorless powder. Soluble in pyridine and in
dilute solutions of alkali hydroxides; slightly soluble in alcohol and in chloroform; practically
insoluble in water and in ether.
Acetohydroxamic Acid: White, slightly hygroscopic, crystalline powder. Melts, after drying at
about 80 for 2 to 4 hours, at about 88 . Freely soluble in water and in alcohol; very slightly
soluble in chloroform.
Acetone: Transparent, colorless, mobile, volatile liquid, having a characteristic odor. A solution
(1 in 2) is neutral to litmus. Miscible with water, with alcohol, with ether, with chloroform, and
with most volatile oils. NF category: Solvent.
Acetylcholine Chloride: White or off-white crystals or crystalline powder. Very soluble in
water; freely soluble in alcohol; insoluble in ether. Is decomposed by hot water and by alkalies.
Acetylcysteine: White, crystalline powder, having a slight acetic odor. Freely soluble in water
and in alcohol; practically insoluble in chloroform and in ether.
Acetyltributyl Citrate: Clear, practically colorless, oily liquid. Freely soluble in alcohol, in
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isopropyl alcohol, in acetone, and in toluene; insoluble in water. NF category: Plasticizer.
Acetyltriethyl Citrate: Clear, practically colorless, oily liquid. Freely soluble in alcohol, in
isopropyl alcohol, in acetone, and in toluene; insoluble in water. NF category: Plasticizer.
Acitretin: Yellow or greenish, crystalline powder. Sparingly soluble in tetrahydrofuran; slightly
soluble in acetone and in alcohol; very slightly soluble in cyclohexane; practically insoluble in
water.
Acyclovir: White to off-white, crystalline powder. Melts at temperatures higher than 250 ,
with decomposition. Soluble in diluted hydrochloric acid; slightly soluble in water; insoluble in
alcohol.
Add the following:
Adapalene:
White or almost white powder. Soluble in tetrahydrofuran; sparingly soluble in ethanol;
practically insoluble in water. (RB 1-Dec-2012)
Ademetionine Disulfate Tosylate: White powder. Freely soluble in water.
Adenine: White crystals or crystalline powder. Is odorless and tasteless. Sparingly soluble in
boiling water; slightly soluble in alcohol; very slightly soluble in water; practically insoluble in
ether and in chloroform.
Adenosine: White, odorless, crystalline powder. Slightly soluble in water; practically insoluble
in alcohol. Melts at about 235 .
Change to read:
Adipic Acid: A white, crystalline powder. Freely soluble in alcohol and in methanol; soluble in
boiling water and in acetone; slightly soluble in water. NF category: Buffering agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent); flavors and fragrance.
2S (NF31)

Change to read:
Agar: Odorless or has a slight odor, and produces a mucilaginous sensation on the tongue.
Soluble in boiling water; insoluble in cold water. NF category: Suspending and/or viscosityincreasing agent;
emulsifying agent; suppository base; wet binder. 2S (NF31)
Alamic Acid: NF category: Suspending and/or viscosity-increasing agent.
Alanine: White, odorless crystals or crystalline powder, having a slightly sweet taste. Freely
soluble in water; slightly soluble in 80% alcohol; insoluble in ether.
Albendazole: White to faintly yellowish powder. Freely soluble in anhydrous formic acid; very
slightly soluble in ether and in methylene chloride; practically insoluble in alcohol and in water.
Albumin Human: Practically odorless, moderately viscous, clear, brownish fluid.
rAlbumin Human: Clear, slightly viscous, and colorless to yellow amber in color. NF category:
Vehicle (sterile).
Albuterol: White, crystalline powder. Soluble in alcohol; sparingly soluble in water. Melts at
about 156 .
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Albuterol Sulfate: White or practically white powder. Freely soluble in water; slightly soluble in
alcohol, in chloroform, and in ether.
Change to read:
Alcohol: Clear, colorless, mobile, volatile liquid. Has a characteristic odor and produces a
burning sensation on the tongue. Is readily volatilized even at low temperatures, and boils at
about 78 . Is flammable. Miscible with water and with practically all organic solvents. NF
category: Solvent;
antimicrobial preservative. 2S (USP36)
Dehydrated Alcohol: Clear, colorless, mobile, volatile liquid. Has a characteristic odor and
produces a burning sensation on the tongue. Is readily volatilized even at low temperatures,
and boils at about 78 . Is flammable. Miscible with water and with practically all organic
solvents.
Diluted Alcohol: Clear, colorless, mobile liquid, having a characteristic odor and producing a
burning sensation on the tongue. NF category: Solvent.
Rubbing Alcohol: Transparent, colorless, or colored as desired, mobile, volatile liquid. Has an
extremely bitter taste and, in the absence of added odorous constituents, a characteristic
odor. Is flammable.
Alendronate Sodium: White, free-flowing powder. Soluble in water; very slightly soluble in
dimethyl sulfoxide, in methyl alcohol, and in propylene glycol; practically insoluble in acetone, in
acetonitrile, in alcohol, in chloroform, and in isopropyl alcohol.
Change to read:
Alfadex: White or almost white, amorphous or crystalline powder. Freely soluble in water and in
propylene glycol; practically insoluble in ethanol and in methylene chloride.
NF category: Chelating and/or complexing agent. 2S (NF31)
Alfentanil Hydrochloride: White to almost white powder. Freely soluble in methanol, in
alcohol, and in chloroform; soluble in water; sparingly soluble in acetone. Melting point range,
crystals from acetone: 136 – 143 (anhydrous) and reported as crystals from aqueous
hydrochloric acid: 116 – 126 (monohydrate).
Alfentanil Injection: Clear, colorless solution.
Alfuzosin Hydrochloride: White to almost white powder, slightly hygroscopic. Freely soluble in
water; sparingly soluble in alcohol; practically insoluble in methylene chloride.
Change to read:
Alginic Acid: White to yellowish white, fibrous powder. Is odorless, or practically odorless, and
is tasteless. Soluble in alkaline solutions; insoluble in water and in organic solvents. NF
category: Suspending and/or viscosity-increasing agent; tablet binder; tablet disintegrant;
wet binder; disintegrant; film-forming agent; release-modifying agent. 2S (NF31)
Alkyl (C12-15) Benzoate: Clear, practically colorless, oily liquid. Soluble in acetone, in
alcohol, in isopropyl alcohol, in ethyl acetate, in isopropyl myristate, in isopropyl palmitate, in
lanolin, in mineral oil, in vegetable oils, and in volatile silicones; insoluble in water, in glycerin,
and in propylene glycol. NF category: Vehicle (oleaginous); emollient.
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Allantoin: White, crystalline powder. Slightly soluble in water; very slightly soluble in alcohol.
Melts at about 225 , with decomposition.
Allopurinol: Fluffy white to off-white powder, having only a slight odor. Soluble in solutions of
potassium and sodium hydroxides; very slightly soluble in water and in alcohol; practically
insoluble in chloroform and in ether.
Allyl Isothiocyanate: Colorless to pale yellow, very refractive, liquid. Pungent irritating odor,
acrid taste. [Caution— Lachrymator.] Miscible with alcohol, with carbon disulfide, and with
ether. Slightly soluble in water.
Change to read:
Almond Oil: Clear, pale straw-colored or colorless, oily liquid, having a bland taste. Remains
clear at 10 , and does not congeal until cooled to almost 20 . Slightly soluble in alcohol.
Miscible with ether, with chloroform, with benzene, and with solvent hexane. NF category:
Flavors and perfumes
fragrance; 2S (NF31)
vehicle (oleaginous);
emollient; solvent. 2S (NF31)
Aloe: Has a characteristic, somewhat sour and disagreeable, odor.
Alprazolam: A white to off-white, crystalline powder. Melts at about 225 . Freely soluble in
chloroform; soluble in alcohol; sparingly soluble in acetone; slightly soluble in ethyl acetate;
insoluble in water.
Alprostadil: A white to off-white, crystalline powder. Melts at about 110 . Freely soluble in
alcohol; soluble in water and in acetone; slightly soluble in ethyl acetate; very slightly soluble
in chloroform and in ether.
Altretamine: White, crystalline powder. Soluble in chloroform; insoluble in water.
Ammonium Alum: Large, colorless crystals, crystalline fragments, or white powder. Is
odorless, and has a sweetish, strongly astringent taste. Its solutions are acid to litmus. Very
soluble in boiling water; freely soluble in water; freely soluble in glycerin; insoluble in alcohol.
Potassium Alum: Large, colorless crystals, crystalline fragments, or white powder. Is odorless,
and has a sweetish, strongly astringent taste. Its solutions are acid to litmus. Very soluble in
boiling water; freely soluble in water; freely soluble in glycerin; insoluble in alcohol.
Aluminum Acetate Topical Solution: Clear, colorless liquid having a faint odor of acetic acid,
and a sweetish, astringent taste. Specific gravity is about 1.02.
Aluminum Chloride: White, or yellowish-white, deliquescent, crystalline powder. Is practically
odorless, and has a sweet, very astringent taste. Its solutions are acid to litmus. Very soluble
in water; freely soluble in alcohol; soluble in glycerin.
Aluminum Hydroxide Gel: White, viscous suspension, from which small amounts of clear liquid
may separate on standing.
Dried Aluminum Hydroxide Gel: White, odorless, tasteless, amorphous powder. Soluble in
dilute mineral acids and in solutions of fixed alkali hydroxides; insoluble in water and in alcohol.
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Change to read:
Aluminum Monostearate: Fine, white to yellowish-white, bulky powder, having a faint,
characteristic odor. Insoluble in water, in alcohol, and in ether. NF category: Suspending
and/or viscosity-increasing agent;
emollient. 2S (NF31)
Change to read:
Aluminum Oxide: Occurs as a white or almost white, amorphous powder. It is very slightly
soluble in dilute mineral acids and in solutions of alkali hydroxides. It is practically insoluble in
water.
NF category: Coloring agent. 2S (NF31)
Aluminum Phosphate Gel: White, viscous suspension from which small amounts of water
separate on standing.
Aluminum Subacetate Topical Solution: Clear, colorless or faintly yellow liquid, having an
odor of acetic acid and an acid reaction to litmus. Gradually becomes turbid on standing,
through separation of a more basic salt.
Aluminum Sulfate: White, crystalline powder, shining plates, or crystalline fragments. Is stable
in air. Is odorless, and has a sweet taste, becoming mildly astringent. Freely soluble in water;
insoluble in alcohol.
Amantadine Hydrochloride: White or practically white, crystalline powder, having a bitter
taste. Freely soluble in water; soluble in alcohol and in chloroform.
Amifostine: White, crystalline powder. Freely soluble in water.
Amikacin: White, crystalline powder. Sparingly soluble in water.
Amikacin Sulfate: White, crystalline powder. Freely soluble in water.
Amiloride Hydrochloride: Yellow to greenish-yellow, odorless or practically odorless powder.
Freely soluble in dimethyl sulfoxide; sparingly soluble in methanol; slightly soluble in water;
insoluble in ether, in ethyl acetate, in acetone, and in chloroform.
Change to read:
Amino Methacrylate Copolymer: Colorless to yellowish granules. Soluble in acetone, in
isopropyl alcohol, and in diluted acids; practically insoluble in water. The solutions are clear to
slightly cloudy. NF category: Coating agent; polymer membrane; tablet binder;
wet binder; diluent; film-forming agent 2S (NF31)
Aminobenzoate Potassium: White, crystalline powder. The pH of a 1 in 100 solution in water
is about 7. Very soluble in water; soluble in alcohol; practically insoluble in ether.
Change to read:
Aminobenzoic Acid: White or slightly yellow, odorless crystals or crystalline powder. Discolors
on exposure to air or light. Freely soluble in alcohol and in solutions of alkali hydroxides and
carbonates; sparingly soluble in ether; slightly soluble in water and in chloroform.
NF category: Free radical scavenger 2S (USP36)
Aminobenzoic Acid Topical Solution: Straw-colored solution having the odor of alcohol.
Aminocaproic Acid: Fine, white, crystalline powder. Is odorless, or practically odorless. Its
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solutions are neutral to litmus. Melts at about 205 . Freely soluble in water, in acids, and in
alkalies; slightly soluble in methanol and in alcohol; practically insoluble in chloroform and in
ether.
Aminoglutethimide: Fine, white, or creamy white, crystalline powder. Soluble in most organic
solvents; very slightly soluble in water. Forms water-soluble salts with strong acids.
Aminohippuric Acid: White, crystalline powder. Discolors on exposure to light. Melts at about
195 , with decomposition. Freely soluble in alkaline solutions, with some decomposition, and in
diluted hydrochloric acid; sparingly soluble in water and in alcohol; very slightly soluble in
benzene, in carbon tetrachloride, in chloroform, and in ether.
Aminopentamide Sulfate: White, crystalline powder. Freely soluble in water and in alcohol;
very slightly soluble in chloroform; practically insoluble in ether.
Aminophylline: White or slightly yellowish granules or powder, having a slight ammoniacal odor
and a bitter taste. Upon exposure to air, it gradually loses ethylenediamine and absorbs carbon
dioxide with the liberation of free theophylline. Its solutions are alkaline to litmus. One g
dissolves in 25 mL of water to give a clear solution; 1 g dissolved in 5 mL of water crystallizes
upon standing, but redissolves when a small amount of ethylenediamine is added. Insoluble in
alcohol and in ether.
Aminophylline Tablets: May have a faint ammoniacal odor.
Aminosalicylate Sodium: White to cream-colored, crystalline powder. Is practically odorless,
and has a sweet, saline taste. Its solutions decompose slowly and darken in color. Freely
soluble in water; sparingly soluble in alcohol; very slightly soluble in ether and in chloroform.
Aminosalicylic Acid: White or practically white, bulky powder, that darkens on exposure to
light and air. Is odorless, or has a slight acetous odor. Soluble in alcohol; slightly soluble in
water and in ether; practically insoluble in benzene.
Amiodarone Hydrochloride: White or almost white, fine, crystalline powder. Freely soluble in
methylene chloride; soluble in methanol; sparingly soluble in alcohol; very slightly soluble in
water.
Amitriptyline Hydrochloride: White or practically white, odorless or practically odorless,
crystalline powder or small crystals. Freely soluble in water, in alcohol, in chloroform, and in
methanol; insoluble in ether.
Amlodipine Besylate: A white or almost white powder. Freely soluble in methanol; sparingly
soluble in alcohol; slightly soluble in 2-propanol and in water.
Change to read:
Strong Ammonia Solution: Clear, colorless liquid, having an exceedingly pungent,
characteristic odor. Specific gravity is about 0.90. NF category: Alkalizing agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent) 2S (NF31)
Aromatic Ammonia Spirit: Practically colorless liquid when recently prepared, but gradually
acquiring a yellow color on standing. Has the taste of ammonia, has an aromatic and pungent
odor, and is affected by light. Specific gravity is about 0.90.
Change to read:
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Ammonio Methacrylate Copolymer: Colorless, clear to white-opaque granules or a white
powder, both with a faint amine-like odor. Soluble to freely soluble in methanol, in alcohol, and
in isopropyl alcohol, each of which contains small amounts of water; soluble to freely soluble in
acetone, in ethyl acetate, and in methylene chloride. The solutions are clear to slightly cloudy.
Insoluble in petroleum ether and in water. NF category: Coating agent; tablet binder
wet binder; 2S (NF31)
polymer membrane;
diluent; film-forming agent. 2S (NF31)
Change to read:
Ammonio Methacrylate Copolymer Dispersion: Milky-white liquids of low viscosity with a
faint characteristic odor. Miscible with water in any proportion, the milky-white appearance
being retained. A clear or slightly cloudy solution is obtained on mixing one part with five parts
of acetone, alcohol, or isopropyl alcohol. When mixed with methanol in a ratio of 1:5, Ammonio
Methacrylate Copolymer Dispersion Type A dissolves completely, and Ammonio Methacrylate
Copolymer Dispersion Type B dissolves only partially. NF category: Coating agent; polymer
membrane; tablet binder
wet binder; diluent; film-forming agent. 2S (NF31)
Change to read:
Ammonium Carbonate: White powder, or hard, white or translucent masses, having a strong
odor of ammonia, without empyreuma, and a sharp, ammoniacal taste. Its solutions are alkaline
to litmus. On exposure to air, it loses ammonia and carbon dioxide, becoming opaque, and is
finally converted into friable porous lumps or a white powder of ammonium bicarbonate. Freely
soluble in water, but is decomposed by hot water. NF category: Alkalizing agent; buffering
agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Change to read:
Ammonium Chloride: Colorless crystals or white, fine or coarse, crystalline powder. Has a
cool, saline taste, and is somewhat hygroscopic. Freely soluble in water and in glycerin, and
even more so in boiling water; sparingly soluble in alcohol.
NF category: pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (USP36)
Ammonium Molybdate: Colorless or slightly greenish or yellowish crystals. Soluble in water;
practically insoluble in alcohol.
Change to read:
Ammonium Phosphate: Colorless or white granules or powder, having a saline taste. Freely
soluble in water; practically insoluble in acetone and in alcohol. NF category: Buffering agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Ammonium Sulfate: Colorless or white crystals or granules that decompose at temperatures
above 280 . One g is soluble in about 1.5 mL of water. It is insoluble in alcohol. The pH of a 0.1
M solution is between 4.5 and 6.0.
Amobarbital Sodium: White, friable, granular powder. Is odorless, has a bitter taste, and is
hygroscopic. Its solutions decompose on standing, heat accelerating the decomposition. Very
soluble in water; soluble in alcohol; practically insoluble in ether and in chloroform.
Amodiaquine: Very pale yellow to light tan-yellow, odorless powder. Sparingly soluble in 1.0 N
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hydrochloric acid; slightly soluble in alcohol; practically insoluble in water.
Amodiaquine Hydrochloride: Yellow, crystalline powder. Is odorless and has a bitter taste.
Soluble in water; sparingly soluble in alcohol; very slightly soluble in benzene, in chloroform, and
in ether.
Amoxapine: White to yellowish crystalline powder. Freely soluble in chloroform; soluble in
tetrahydrofuran; sparingly soluble in methanol and in toluene; slightly soluble in acetone;
practically insoluble in water.
Amoxicillin: White, practically odorless, crystalline powder. Slightly soluble in water and in
methanol; insoluble in benzene, in carbon tetrachloride, and in chloroform.
Amphetamine Sulfate: White, odorless, crystalline powder, having a slightly bitter taste. Its
solutions are acid to litmus, having a pH of 5 to 6. Freely soluble in water; slightly soluble in
alcohol; practically insoluble in ether.
Amphotericin B: Yellow to orange powder; odorless or practically so. Soluble in
dimethylformamide, in dimethyl sulfoxide, and in propylene glycol; slightly soluble in methanol;
insoluble in water, in anhydrous alcohol, in ether, in benzene, and in toluene.
Amphotericin B for Injection: It yields a colloidal dispersion in water.
Ampicillin: White, practically odorless, crystalline powder. Slightly soluble in water and in
methanol; insoluble in benzene, in carbon tetrachloride, and in chloroform.
Ampicillin Sodium: White to off-white, odorless or practically odorless, crystalline powder. Is
hygroscopic. Very soluble in water and in isotonic sodium chloride and dextrose solutions.
Amprolium (C 14 H 19 ClN 4 ·HCl ): White to light yellow powder. Freely soluble in water, in
methanol, in alcohol, and in dimethylformamide; sparingly soluble in dehydrated alcohol;
practically insoluble in isopropyl alcohol, in butyl alcohol, and in acetone.
Amyl Nitrite: Clear, yellowish liquid, having a peculiar, ethereal, fruity odor. Is volatile even at
low temperatures, and is flammable. Boils at about 96 . Practically insoluble in water. Miscible
with alcohol and with ether.
Amylene Hydrate: Clear, colorless liquid, having a camphoraceous odor. Its solutions are
neutral to litmus. Freely soluble in water. Miscible with alcohol, with chloroform, with ether, and
with glycerin. NF category: Solvent.
Add the following:
Anagrelide Hydrochloride: Off-white to pale pinkish powder. Sparingly soluble in
dimethylsulfoxide and in dimethylformamide; very slightly soluble in water. 1S (USP35)
Anastrozole: White to off-white crystalline powder. Very soluble in acetonitrile; freely soluble
in methanol, in acetone, in alcohol, and in tetrahydrofuran.
Change to read:
Anethole: Colorless or faintly yellow liquid at or above 23 . Has a sweet taste and the
aromatic odor of anise. Is affected by light. Freely soluble in alcohol; very slightly soluble in
water. Readily miscible with ether and with chloroform. NF category: Flavors and perfumes
fragrance. 2S (NF31)
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Anileridine: White to yellowish-white, odorless to practically odorless, crystalline powder. Is
oxidized on exposure to air and light, becoming darker in color. It exhibits polymorphism, and of
two crystalline forms observed, one melts at about 80 and the other at about 89 . Freely
soluble in alcohol and in chloroform; soluble in ether, although it may show turbidity; very
slightly soluble in water.
Anileridine Hydrochloride: White or nearly white, odorless, crystalline powder. Is stable in air.
Melts at about 270 , with decomposition. Freely soluble in water; sparingly soluble in alcohol;
practically insoluble in ether, and in chloroform.
Antazoline Phosphate: White to off-white, crystalline powder, having a bitter taste. Soluble
in water; sparingly soluble in methanol; practically insoluble in benzene and in ether.
Anthralin: Yellowish-brown, crystalline powder. Is odorless and tasteless. Soluble in chloroform,
in acetone, in benzene, and in solutions of alkali hydroxides; slightly soluble in alcohol, in ether,
and in glacial acetic acid; insoluble in water.
Anticoagulant Citrate Dextrose Solution: Clear, colorless, odorless liquid. Is dextrorotatory.
Anticoagulant Citrate Phosphate Dextrose Solution: Clear, colorless to slightly yellow,
odorless liquid. Is dextrorotatory.
Anticoagulant Sodium Citrate Solution: Clear and colorless liquid.
Antihemophilic Factor: White or yellowish powder. On constitution is opalescent with a slight
blue tinge or is a yellowish liquid.
Cryoprecipitated Antihemophilic Factor: Yellowish, frozen solid. On thawing becomes a very
viscous, yellow, gummy liquid.
Antimony Potassium Tartrate: Colorless, odorless, transparent crystals, or white powder.
The crystals effloresce upon exposure to air and do not readily rehydrate even on exposure to
high humidity. Its solutions are acid to litmus. Freely soluble in boiling water; soluble in water
and in glycerin; insoluble in alcohol.
Antimony Sodium Tartrate: Colorless, odorless, transparent crystals, or white powder. The
crystals effloresce upon exposure to air. Freely soluble in water; insoluble in alcohol.
Antipyrine: Colorless crystals, or white, crystalline powder. Is odorless and has a slightly bitter
taste. Its solutions are neutral to litmus. Very soluble in water; freely soluble in alcohol and in
chloroform; sparingly soluble in ether.
Antivenin (Crotalidae) Polyvalent: Solid exhibiting the characteristic structure of a freezedried solid; light cream in color.
Antivenin (Micrurus Fulvius): Solid exhibiting the characteristic structure of a freeze-dried
solid; light cream in color.
Apomorphine Hydrochloride: Minute, white or grayish-white, glistening crystals or white
powder. Is odorless. It gradually acquires a green color on exposure to light and air. Its
solutions are neutral to litmus. Soluble in water at 80 ; sparingly soluble in water and in
alcohol; very slightly soluble in chloroform and in ether.
Apraclonidine Hydrochloride: White to off-white, odorless to practically odorless powder.
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Soluble in methanol; sparingly soluble in water and in alcohol; insoluble in chloroform, in ethyl
acetate, and in hexanes.
Arginine: White, practically odorless crystals. Freely soluble in water; sparingly soluble in
alcohol; insoluble in ether.
Arginine Hydrochloride: White crystals or crystalline powder, practically odorless. Freely
soluble in water.
Aromatic Elixir: NF category: Vehicle (flavored and/or sweetened).
Arsanilic Acid: White to off-white, crystalline powder. Melts at about 232 . Soluble in hot
water, in amyl alcohol, and in solutions of alkali carbonates; sparingly soluble in concentrated
mineral acids; slightly soluble in cold water, in alcohol, and in acetic acid; insoluble in acetone,
in benzene, in chloroform, in ether, and in dilute mineral acids.
Add the following:
Artemether: White to slightly yellow crystalline powder. Freely soluble in acetone; soluble in
methanol and in ethanol; practically insoluble in water. 2S (USP36)
Articaine Hydrochloride: White or almost white, crystalline powder. Freely soluble in water
and in alcohol.
Ascorbic Acid: White or slightly yellow crystals or powder. On exposure to light it gradually
darkens. In the dry state, is reasonably stable in air, but in solution rapidly oxidizes. Melts at
about 190 . Freely soluble in water; sparingly soluble in alcohol; insoluble in chloroform, in
ether, and in benzene. NF category: Antioxidant.
Ascorbyl Palmitate: White to yellowish white powder, having a characteristic odor. Soluble in
alcohol; very slightly soluble in water and in vegetable oils. NF category: Antioxidant.
Asparagine: White crystals or a crystalline powder. Soluble in water; practically insoluble in
alcohol and in ether. Its solutions are acid to litmus. It melts at about 234 .
Aspartame: White, odorless, crystalline powder, having a sweet taste. Sparingly soluble in
water; slightly soluble in alcohol. Melts at about 246 . The pH of an 8 in 1000 solution is about
5. NF category: Sweetening agent.
Aspartame Acesulfame: White, odorless, crystalline powder. Slightly soluble in water and in
ethanol. NF category: Sweetening agent.
Aspartic Acid: White or almost white, crystalline powder, or colorless crystals. Soluble in dilute
solutions of alkali hydroxides and in dilute mineral acids; slightly soluble in water; practically
insoluble in alcohol and in ether.
Aspirin: White crystals, commonly tabular or needle-like, or white, crystalline powder. Is
odorless or has a faint odor. Is stable in dry air; in moist air it gradually hydrolyzes to salicylic
and acetic acids. Freely soluble in alcohol; soluble in chloroform and in ether; sparingly soluble
in absolute ether; slightly soluble in water.
Atenolol: White or practically white, odorless powder. Melting point 146 – 148 (crystals from
ethyl acetate). Freely soluble in methanol; sparingly soluble in alcohol; slightly soluble in water
and in isopropanol.
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Atorvastatin Calcium: White to off-white crystalline powder. Freely soluble in methanol;
slightly soluble in alcohol; very slightly soluble in distilled water, in pH 7.4 phosphate buffer, and
in acetonitrile; insoluble in aqueous solutions of pH 4 and below.
Atovaquone: Yellow powder. Freely soluble in N-methyl-2-pyrrolidone and in tetrahydrofuran;
soluble in chloroform; sparingly soluble in acetone, in di- n-butyl adipate, in dimethyl sulfoxide,
and in polyethylene glycol 400; slightly soluble in alcohol, in 1,3-butanediol, in ethyl acetate, in
glycerin, in octanol, and in polyethylene glycol 200; very slightly soluble in 0.1 N sodium
hydroxide; insoluble in water.
Change to read:
Atracurium Besylate:
White to yellowish white powder, slightly hygroscopic. Very soluble in acetonitrile, in alcohol,
and in methylene chloride; soluble in water. 2S (USP35)
Atropine: White crystals, usually needle-like, or white, crystalline powder. Its saturated
solution is alkaline to phenolphthalein TS. Is optically inactive, but usually contains some
levorotatory hyoscyamine. Freely soluble in alcohol and in chloroform; soluble in glycerin and in
ether; slightly soluble in water; sparingly soluble in water at 80 .
Atropine Sulfate: Colorless crystals, or white, crystalline powder. Odorless; effloresces in dry
air; is slowly affected by light. Very soluble in water; freely soluble in alcohol and even more so
in boiling alcohol; freely soluble in glycerin.
Activated Attapulgite: Cream-colored, micronized, nonswelling powder, free from gritty
particles. The high heat treatment used in its preparation causes it to yield only moderately
viscous aqueous suspensions, its dispersion consisting mainly of particle groups. Insoluble in
water. NF category: Suspending and/or viscosity-increasing agent.
Colloidal Activated Attapulgite: Cream-colored, micronized, nonswelling powder, free from
gritty particles. Yields viscous aqueous suspensions, as a result of dispersion into its
constituent ultimate particles. Insoluble in water. NF category: Suspending and/or viscosityincreasing agent.
Aurothioglucose: Yellow, odorless or practically odorless powder. Is stable in air. An aqueous
solution is unstable on long standing. The pH of its 1 in 100 solution is about 6.3. Freely soluble
in water; practically insoluble in acetone, in alcohol, in chloroform, and in ether.
Azatadine Maleate: White to light cream-colored, odorless powder. Melts at about 153 .
Freely soluble in water, in alcohol, in chloroform, and in methanol; practically insoluble in
benzene and in ether.
Azathioprine: Pale yellow, odorless powder. Soluble in dilute solutions of alkali hydroxides;
sparingly soluble in dilute mineral acids; very slightly soluble in alcohol and in chloroform;
insoluble in water.
Azathioprine Sodium for Injection: Bright yellow, hygroscopic, amorphous mass or cake.
Add the following:
Azelastine Hydrochloride: White or almost white, crystalline powder. Soluble in ethanol and
in methylene chloride; sparingly soluble in water. 2S (USP36)
Azithromycin: White or almost white powder. Freely soluble in anhydrous ethanol and in
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methylene chloride; practically insoluble in water.
Aztreonam: White, odorless, crystalline powder. Soluble in dimethylformamide and in dimethyl
sulfoxide; slightly soluble in methanol; very slightly soluble in dehydrated alcohol; practically
insoluble in ethyl acetate, in chloroform, and in toluene.
Bacampicillin Hydrochloride: White or practically white powder. Is hygroscopic. Freely
soluble in alcohol and in chloroform; soluble in methylene chloride and in water; very slightly
soluble in ether.
Bacitracin: White to pale buff powder, odorless or having a slight odor. Is hygroscopic. Its
solutions deteriorate rapidly at room temperature. Is precipitated from its solutions and is
inactivated by salts of many of the heavy metals. Freely soluble in water; soluble in alcohol, in
methanol, and in glacial acetic acid, the solution in the organic solvents usually showing some
insoluble residue; insoluble in acetone, in chloroform, and in ether.
Bacitracin Zinc: White to pale tan powder, odorless or having a slight odor. Is hygroscopic.
Sparingly soluble in water.
Baclofen: White to off-white, crystalline powder. Is odorless or practically so. Slightly soluble
in water; very slightly soluble in methanol; insoluble in chloroform.
Balsalazide Disodium: Orange to yellow powder. Freely soluble in water and in isotonic saline;
sparingly soluble in methanol and in alcohol; practically insoluble in all other organic solvents.
Adhesive Bandage: The compress of Adhesive Bandage is substantially free from loose
threads or ravelings. The adhesive strip may be perforated, and the back may be coated with a
water-repellent film.
Gauze Bandage: One continuous piece, tightly rolled, in various widths and lengths and
substantially free from loose threads and ravelings.
Barium Hydroxide Lime: White or grayish-white granules. May have a color if an indicator has
been added. NF category: Sorbent, carbon dioxide.
Barium Sulfate: Fine, white, odorless, tasteless, bulky powder, free from grittiness. Practically
insoluble in water, in organic solvents, and in solutions of acids and of alkalies.
Barium Sulfate for Suspension: White or colored, bulky or granular powder.
BCG Vaccine: White to creamy white, dried mass, having the characteristic texture of material
dried in the frozen state.
Beclomethasone Dipropionate: White to cream white, odorless powder. Very soluble in
chloroform; freely soluble in acetone and in alcohol; very slightly soluble in water.
Change to read:
Behenoyl Polyoxylglycerides: Waxy solid or fine powder. Soluble in methylene chloride;
insoluble in alcohol; dispersible in water. NF category: Tablet and/or capsule lubricant
Lubricant; emulsifying agent; wetting and/or solubilizing agent. 2S (NF31)
Belladonna Leaf: When moistened, its odor is slight, somewhat tobacco-like. Its taste is
somewhat bitter and acrid.
Benazepril Hydrochloride: White to off-white, crystalline powder. Soluble in water, in
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methanol, and in alcohol.
Bendroflumethiazide: White to cream-colored, finely divided, crystalline powder. Is odorless,
or has a slight odor. Melts at about 220 . Freely soluble in alcohol and in acetone; practically
insoluble in water.
Benoxinate Hydrochloride: White, or slightly off-white, crystals or crystalline powder. Is
odorless, or has a slight characteristic odor, has a salty taste, and exhibits local anesthetic
properties when placed upon the tongue. Its solutions are neutral to litmus, and it melts at
about 158 . Very soluble in water; freely soluble in chloroform and in alcohol; insoluble in ether.
Bentonite: Very fine, odorless, pale buff or cream-colored to grayish powder, free from grit.
Has a slightly earthy taste. Is hygroscopic. Insoluble in water, but swells to approximately
twelve times its volume when added to water; insoluble in, and does not swell in, organic
solvents. NF category: Suspending and/or viscosity-increasing agent.
Purified Bentonite: Odorless, tasteless, fine (micronized) powder or small flakes that are
creamy when viewed on their flat surfaces and tan to brown when viewed on their edges.
Insoluble in water and in alcohol. Swells when added to water or glycerin. NF category:
Suspending and/or viscosity-increasing agent.
Bentonite Magma: NF category: Suspending and/or viscosity-increasing agent.
Change to read:
Benzaldehyde: Colorless, strongly refractive liquid. having an odor resembling that of bitter
almond oil, and having a burning, aromatic taste
NF31

Is affected by light. Slightly soluble in water. Miscible with alcohol, with ether, and with fixed
and volatile oils.
The specific gravity is 1.041–1.046 at 25 (see Specific Gravity
index is 1.544–1.546 at 20 (see Refractive Index
NF category: Flavors and perfumes
fragrance. 2S (NF31)

831 ).

841 ), and the refractive

NF31

Benzaldehyde Elixir, Compound: NF category: Flavored and/or sweetened vehicle.
Change to read:
Benzalkonium Chloride: White or yellowish-white, thick gel or gelatinous pieces. Usually has a
mild, aromatic odor. Its aqueous solution has a bitter taste, foams strongly when shaken, and
usually is slightly alkaline. Very soluble in water and in alcohol. Anhydrous form freely soluble in
benzene, and slightly soluble in ether. NF category: Antimicrobial preservative; wetting and/or
solubilizing agent;
emulsifying agent. 2S (NF31)
Benzalkonium Chloride Solution: Clear liquid; colorless or slightly yellow unless a color has
been added. Has an aromatic odor and a bitter taste. NF category: Antimicrobial preservative.
Benzethonium Chloride: White crystals, having a mild odor. Its solution (1 in 100) is slightly
alkaline to litmus. Soluble in water, in alcohol, and in chloroform; slightly soluble in ether. NF
category: Antimicrobial preservative; wetting and/or solubilizing agent.
Benzethonium Chloride Solution: Odorless, clear liquid, slightly alkaline to litmus.
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Benzethonium Chloride Tincture: Clear liquid, having the characteristic odor of acetone and
of alcohol.
Benzocaine: Small, white crystals or white, crystalline powder. Is odorless, is stable in air, and
exhibits local anesthetic properties when placed upon the tongue. Freely soluble in alcohol, in
chloroform, and in ether; sparingly soluble in almond oil and in olive oil; very slightly soluble in
water. Dissolves in dilute acids.
Benzoic Acid: White crystals, scales, or needles. Has a slight odor, usually suggesting
benzaldehyde or benzoin. Somewhat volatile at moderately warm temperatures. Freely volatile
in steam. Freely soluble in alcohol, in chloroform, and in ether; slightly soluble in water. NF
category: Antimicrobial preservative.
Benzoin: Sumatra Benzoin has an aromatic and balsamic odor. When heated it does not emit a
pinaceous odor. When Sumatra Benzoin is digested with boiling water, the odor suggests
cinnamates or storax. Its taste is aromatic and slightly acrid. Siam Benzoin has an agreeable,
balsamic, vanilla-like odor. Its taste is aromatic and slightly acrid.
Benzonatate: Clear, pale yellow, viscous liquid, having a faint, characteristic odor. Has a bitter
taste, and exhibits local anesthetic properties when placed upon the tongue. Miscible with
water in all proportions. Freely soluble in chloroform, in alcohol, and in benzene.
Hydrous Benzoyl Peroxide: White, granular powder, having a characteristic odor. Soluble in
acetone, in chloroform, and in ether; sparingly soluble in water and in alcohol.
Benzoyl Peroxide Gel: A soft, white gel, having a characteristic odor.
Benzoyl Peroxide Lotion: White, viscous, creamy lotion, having a characteristic odor.
Benztropine Mesylate: White, slightly hygroscopic, crystalline powder. Very soluble in water;
freely soluble in alcohol; very slightly soluble in ether.
Change to read:
Benzyl Alcohol: Clear, colorless, oily liquid. Boils at about 206 , without decomposition. Is
neutral to litmus. Freely soluble in 50% alcohol; sparingly soluble in water. Miscible with alcohol,
with ether, and with chloroform. The specific gravity is between 1.042 and 1.047. NF category:
Antimicrobial preservative;
solvent. 2S (NF31)
Change to read:
Benzyl Benzoate: Clear, colorless, oily liquid having a slight aromatic odor and producing a
sharp, burning sensation on the tongue. Practically insoluble in water and in glycerin. Miscible
with alcohol, with ether, and with chloroform. NF category: Solvent;
emulsifying agent; plasticizer. 2S (USP36)
.
Beta Carotene: Red or reddish-brown to violet-brown crystals or crystalline powder. Soluble in
carbon disulfide, in benzene, and in chloroform; sparingly soluble in ether, in solvent hexane,
and in vegetable oils; practically insoluble in methanol and in alcohol; insoluble in water and in
acids and in alkalies.
Change to read:
Betadex: White, practically odorless, fine crystalline powder having a slightly sweet taste.
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Sparingly soluble in water. NF category: Sequestering agent;
chelating and/or complexing agent. 2S (NF31)
Change to read:
Betadex Sulfobutyl Ether Sodium: White to off-white, amorphous powder. Freely soluble in
water; sparingly soluble in methanol; practically insoluble in ethanol, in n-hexane, in 1-butanol,
in acetonitrile, in 2-propanol, and in ethyl acetate. NF category: Complexing agent
Chelating and/or complexing agent; 2S (NF31)
sequestering agent; wetting and/or solubilizing agent.
Betahistine Hydrochloride: White to almost yellow, crystalline powder. Very hygroscopic.
Melts between 151 and 154 . Very soluble in water; freely soluble in alcohol; practically
insoluble in isopropyl alcohol.
Betaine Hydrochloride: White, crystalline powder. Soluble in water and in alcohol; practically
insoluble in chloroform and in ether.
Betamethasone: White to practically white, odorless, crystalline powder. Melts at about 240 ,
with some decomposition. Sparingly soluble in acetone, in alcohol, in dioxane, and in methanol;
very slightly soluble in chloroform and in ether; insoluble in water.
Betamethasone Acetate: White to creamy white, odorless powder. Sinters and resolidifies at
about 165 , and remelts at about 200 or 220 , with decomposition (see Melting Range or
Temperature 741 ). Freely soluble in acetone; soluble in alcohol and in chloroform;
practically insoluble in water.
Betamethasone Benzoate: White to practically white, practically odorless powder. Melts at
about 220 , with decomposition. Soluble in alcohol, in methanol, and in chloroform; insoluble in
water.
Betamethasone Dipropionate: White to cream-white, odorless powder. Freely soluble in
acetone and in chloroform; sparingly soluble in alcohol; insoluble in water.
Betamethasone Sodium Phosphate: White to practically white, odorless powder. Is
hygroscopic. Freely soluble in water and in methanol; practically insoluble in acetone and in
chloroform.
Betamethasone Valerate: White to practically white, odorless powder. Melts at about 190 ,
with decomposition. Freely soluble in acetone and in chloroform; soluble in alcohol; slightly
soluble in benzene and in ether; practically insoluble in water.
Betaxolol Hydrochloride: White, crystalline powder. Freely soluble in water, in alcohol, in
chloroform, and in methanol.
Bethanechol Chloride: Colorless or white crystals or white, crystalline powder, usually having
a slight, amine-like odor. Is hygroscopic. Exhibits polymorphism, and of two crystalline forms
observed, one melts at about 211 and the other melts at about 219 . Freely soluble in water
and in alcohol; insoluble in chloroform and in ether.
Bicalutamide: Fine, white to off-white powder. Freely soluble in tetrahydrofuran and in
acetone; soluble in acetonitrile; sparingly soluble in methanol; slightly soluble in alcohol.
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Biotin: Practically white, crystalline powder. Very slightly soluble in water and in alcohol;
insoluble in other common organic solvents.
Biperiden: White, practically odorless, crystalline powder. Freely soluble in chloroform;
sparingly soluble in alcohol; practically insoluble in water.
Biperiden Hydrochloride: White, practically odorless, crystalline powder. Melts at about 275 ,
with decomposition. Is optically inactive. Sparingly soluble in methanol; slightly soluble in water,
in ether, in alcohol, and in chloroform.
Bisacodyl: White to off-white, crystalline powder, in which the number of particles having a
longest diameter smaller than 50 µm predominate. Soluble in chloroform and in benzene;
sparingly soluble in alcohol and in methanol; slightly soluble in ether; practically insoluble in
water.
Milk of Bismuth: Thick, white, opaque suspension that separates on standing. Is odorless and
practically tasteless. Miscible with water and with alcohol.
Bismuth Citrate: White, amorphous or crystalline powder. Stable in air. Melts at about 300 ,
with decomposition. Soluble in ammonia TS and in solutions of alkali citrates; insoluble in water
and in alcohol.
Bismuth Subcarbonate: White or almost white powder. Practically insoluble in water, in
alcohol, and in ether. Dissolves in dilute acids with effervescence.
Bismuth Subgallate: Amorphous, bright yellow powder. Is odorless and tasteless. Is stable in
air, but is affected by light. Dissolves readily with decomposition in warm, moderately dilute
hydrochloric, nitric, or sulfuric acid; readily dissolved by solutions of alkali hydroxides, forming a
clear, yellow liquid that rapidly assumes a deep red color. Practically insoluble in water, in
alcohol, in chloroform, and in ether; insoluble in very dilute mineral acids.
Bismuth Subnitrate: White, slightly hygroscopic powder. Practically insoluble in water and in
alcohol; readily dissolved by hydrochloric acid or by nitric acid.
Bismuth Subsalicylate: Fine to off-white, microcrystalline, odorless, tasteless powder.
Practically insoluble in water, in alcohol, and in ether. Reacts with alkalies and mineral acids.
Bisoprolol Fumarate: White, crystalline powder. Very soluble in water and in methanol; freely
soluble in chloroform, in glacial acetic acid, and in alcohol; slightly soluble in acetone and in
ethyl acetate.
Bleomycin Sulfate: Cream-colored, amorphous powder. Very soluble in water.
Anti-A Blood Grouping Serum: Liquid Serum is a clear or slightly opalescent fluid unless
artificially colored blue. Dried Serum is light yellow to deep cream color, unless artificially
colored as indicated for liquid Serum. The liquid Serum may develop slight turbidity on storage.
The dried Serum may show slight turbidity upon reconstitution for use.
Anti-B Blood Grouping Serum: Liquid Serum is a clear or slightly opalescent fluid unless
artificially colored yellow. Dried Serum is light yellow to deep cream color, unless artificially
colored as indicated for liquid Serum. The liquid Serum may develop a slight turbidity on
storage. The dried Serum may show slight turbidity upon reconstitution for use.
Blood Grouping Serums Anti-D, Anti-C, Anti-E, Anti-c, Anti-e: The liquid Serums are clear,
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slightly yellowish fluids, that may develop slight turbidity on storage. The dried Serums are light
yellow to deep cream color.
Blood Group Specific Substances A, B, and AB: Clear solution that may have a slight odor
because of the preservative.
Red Blood Cells: Dark red in color when packed. May show a slight creamy layer on the
surface and a small supernatant layer of yellow or opalescent plasma. Also supplied in deepfrozen form with added cryophylactic substance to extend storage time.
Whole Blood: Deep red, opaque liquid from which the corpuscles readily settle upon standing
for 24 to 48 hours, leaving a clear, yellowish or pinkish supernatant layer of plasma.
Change to read:
Boric Acid: Colorless, odorless scales of a somewhat pearly luster, or crystals, or white powder
that is slightly unctuous to the touch. Is stable in air. Freely soluble in glycerin, in boiling
water, and in boiling alcohol; soluble in water and in alcohol. NF category: Buffering agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent); antimicrobial preservative.
2S (NF31)

Botulism Antitoxin: Transparent or slightly opalescent liquid, practically colorless, and
practically odorless or having an odor because of the antimicrobial agent.
Bretylium Tosylate: White, crystalline powder. Is hygroscopic. Freely soluble in water, in
methanol, and in alcohol; practically insoluble in ether, in ethyl acetate, and in hexane.
Brinzolamide: White or almost white powder. Slightly soluble in alcohol and in methanol;
insoluble in water.
Bromocriptine Mesylate: White or slightly colored, fine crystalline powder, odorless or having
a weak, characteristic odor.
Bromodiphenhydramine Hydrochloride: White to pale buff, crystalline powder, having no
more than a faint odor. Freely soluble in water and in alcohol; soluble in isopropyl alcohol;
insoluble in ether and in solvent hexane.
Brompheniramine Maleate: White, odorless, crystalline powder. Freely soluble in water;
soluble in alcohol and in chloroform; slightly soluble in ether and in benzene.
Budesonide: White to off-white, odorless, crystalline powder. Freely soluble in chloroform;
sparingly soluble in alcohol; practically insoluble in water and in heptane.
Bumetanide: Practically white powder. Soluble in alkaline solutions; slightly soluble in water.
Bupivacaine Hydrochloride: White, odorless, crystalline powder. Melts at about 248 , with
decomposition. Freely soluble in water and in alcohol; slightly soluble in chloroform and in
acetone.
Bupivacaine Hydrochloride Injection: Clear, colorless solution.
Bupivacaine Hydrochloride and Epinephrine Injection: Clear, colorless solution.
Bupropion Hydrochloride: White powder. Soluble in water, in 0.1 N hydrochloric acid, and in
alcohol.
Busulfan: White, crystalline powder. Sparingly soluble in acetone; slightly soluble in alcohol;
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very slightly soluble in water.
Buspirone Hydrochloride: White crystalline powder. Very soluble in water; freely soluble in
methanol and in methylene chloride; sparingly soluble in ethanol and in acetonitrile; very slightly
soluble in ethyl acetate; practically insoluble in hexanes.
Butabarbital: White, odorless, crystalline powder. Soluble in alcohol, in chloroform, in ether,
and in solutions of alkali hydroxides and carbonates; very slightly soluble in water.
Butabarbital Sodium: White powder, having a bitter taste. Freely soluble in water and in
alcohol; practically insoluble in absolute ether.
Butalbital: White, crystalline, odorless powder, having a slightly bitter taste. Is stable in air.
Its saturated solution is acid to litmus. Freely soluble in alcohol, in ether, and in chloroform;
soluble in boiling water, and in solutions of fixed alkalies and alkali carbonates; slightly soluble in
cold water.
Butamben: White, crystalline powder. Is odorless and tasteless. Soluble in dilute acids, in
alcohol, in chloroform, in ether, and in fixed oils; very slightly soluble in water. Is slowly
hydrolyzed when boiled with water.
Change to read:
Butane: Colorless, flammable gas (boiling temperature is about

0.5 ). One volume of water

dissolves 0.15 volume, and 1 volume of alcohol dissolves 18 volumes at 17 and 770 mm; 1
volume of ether or chloroform at 17 dissolves 25 or 30 volumes, respectively. Vapor pressure
at 21 is about 1620 mm of mercury (17 psig). NF category: Aerosol
2S (NF31)

Propellant.
Butoconazole Nitrate: White to off-white, crystalline powder. Melts at about 160 . Sparingly
soluble in methanol; slightly soluble in acetonitrile, in acetone, in dichloromethane, and in
tetrahydrofuran; very slightly soluble in ethyl acetate; practically insoluble in water.
Butorphanol Tartrate: White powder. Its solutions are slightly acidic. Melts between 217 and
219 , with decomposition. Soluble in dilute acids; sparingly soluble in water; slightly soluble in
methanol; insoluble in alcohol, in chloroform, in ethyl acetate, in ethyl ether, and in hexane.
Butyl Alcohol: Clear, colorless, mobile liquid, having a characteristic, penetrating vinous odor.
Soluble in water. Miscible with alcohol, with ether, and with many other organic solvents. NF
category: Solvent.
Butylated Hydroxyanisole: White or slightly yellow, waxy solid, having a faint, characteristic
odor. Freely soluble in alcohol, in propylene glycol, in chloroform, and in ether; insoluble in
water. NF category: Antioxidant.
Butylated Hydroxytoluene: White, crystalline solid, having a faint, characteristic odor. Freely
soluble in alcohol, in chloroform, and in ether; insoluble in water and in propylene glycol. NF
category: Antioxidant.
Butylparaben: Small, colorless crystals or white powder. Freely soluble in acetone, in alcohol,
in ether, and in propylene glycol; very slightly soluble in water and in glycerin. NF category:
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Antimicrobial preservative.
Cabergoline: White or almost white, crystalline powder. Freely soluble in alcohol (96%);
slightly soluble in 0.1 M hydrochloric acid; very slightly soluble in hexane; practically insoluble in
water.
Caffeine: White powder or white, glistening needles, usually matted together. Is odorless and
has a bitter taste. Its solutions are neutral to litmus. The hydrate is efflorescent in air. Freely
soluble in chloroform; sparingly soluble in water and in alcohol; slightly soluble in ether.
Calamine: Pink, odorless, practically tasteless, fine powder. Soluble in mineral acids; insoluble
in water.
Calcitriol: White or almost white crystals. Freely soluble in alcohol; soluble in ether and in fatty
oils; practically insoluble in water. It is sensitive to air, heat, and light.
Change to read:
Calcium Acetate: White, odorless or almost odorless, hygroscopic, crystalline powder. When
heated to above 160 , it decomposes to calcium carbonate and acetone. Freely soluble in
water; slightly soluble in methanol; practically insoluble in acetone, in dehydrated alcohol, and
in benzene.
NF category: Antimicrobial preservative; sequestering agent. 2S (USP36)
Calcium Ascorbate: White to slightly yellow, practically odorless powder. Freely soluble in
water (approximately 50 g per 100 mL); slightly soluble in alcohol; insoluble in ether.
Change to read:
Calcium Carbonate: Fine, white, odorless, tasteless, microcrystalline powder. Is stable in air.
Practically insoluble in water. Its solubility in water is increased by the presence of any
ammonium salt or of carbon dioxide. The presence of any alkali hydroxide reduces its solubility.
Insoluble in alcohol. Dissolves with effervescence in 1 N acetic acid, in 3 N hydrochloric acid,
and in 2 N nitric acid. NF category: Tablet and/or capsule diluent
Diluent; pH modifier (acidifying agent/ alkalizing agent/ buffering agent); coating agent; wet
binder. 2S (USP36)
Change to read:
Calcium Chloride: White, hard, odorless fragments or granules. Is deliquescent. Very soluble in
boiling water; freely soluble in water, in alcohol, and in boiling alcohol. NF category: Desiccant;
antimicrobial preservative. 2S (USP36)
Calcium Citrate: White, odorless, crystalline powder. Freely soluble in diluted 3 N hydrochloric
acid and in diluted 2 N nitric acid; slightly soluble in water; insoluble in alcohol.
Calcium Gluceptate: White to faintly yellow, amorphous powder. Is stable in air, but the
hydrous forms may lose part of their water of hydration on standing. Freely soluble in water;
insoluble in alcohol and in many other organic solvents.
Calcium Gluconate: White, crystalline, odorless, tasteless granules or powder. Is stable in air.
Its solutions are neutral to litmus. Freely soluble in boiling water; sparingly (and slowly) soluble
in water; insoluble in alcohol.
Change to read:
Calcium Hydroxide: White powder. Has an alkaline, slightly bitter taste. Soluble in glycerin
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and in syrup; slightly soluble in water; very slightly soluble in boiling water; insoluble in alcohol.
NF category: pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (USP36)
Calcium Hydroxide Solution: Clear, colorless liquid having an alkaline taste. Is alkaline to
litmus.
Change to read:
Calcium Lactate: White, practically odorless granules or powder. The pentahydrate is
somewhat efflorescent and at 120 becomes anhydrous. The pentahydrate is soluble in water;
it is practically insoluble in alcohol.
NF category: pH Modifier (acidifying agent/ alkalizing agent/ buffering agent); antimicrobial
preservative; wet binder. 2S (USP36)
Calcium Levulinate: White, crystalline or amorphous, powder, having a faint odor suggestive
of burnt sugar. Has a bitter, salty taste. Freely soluble in water; slightly soluble in alcohol;
insoluble in ether and in chloroform.
Calcium Pantothenate: Slightly hygroscopic, white powder. Is odorless and has a bitter taste.
Freely soluble in water; soluble in glycerin; practically insoluble in alcohol, in chloroform, and in
ether.
Racemic Calcium Pantothenate: White, slightly hygroscopic powder, having a faint,
characteristic odor, and a bitter taste. Is stable in air. Its solutions are neutral or alkaline to
litmus. Is optically inactive. Freely soluble in water; soluble in glycerin; practically insoluble in
alcohol, in chloroform, and in ether.
Change to read:
Dibasic Calcium Phosphate: White, odorless, tasteless powder. Is stable in air. Soluble in 3 N
hydrochloric acid and in 2 N nitric acid; practically insoluble in water; insoluble in alcohol. NF
category: Tablet and/or capsule
2S (USP36)

Diluent.
Change to read:
Tribasic Calcium Phosphate: White, odorless, tasteless powder. Is stable in air. Freely soluble
in 3 N hydrochloric acid and in 2 N nitric acid; practically insoluble in water; insoluble in alcohol.
NF category: Tablet and/or capsule diluent
Diluent; pH modifier (acidifying agent/ alkalizing agent/ buffering solution); glidant and/or
anticaking agent. 2S (NF31)
Calcium Polycarbophil: White to creamy white powder. Insoluble in water, in dilute acids, in
dilute alkalies, and in common organic solvents.
Calcium Propionate: Occurs as a white crystalline solid. One g dissolves in about 3 mL of
water. NF category: Antimicrobial preservative.
Calcium Saccharate: White, odorless, tasteless, crystalline powder. Soluble in dilute mineral
acids and in solutions of calcium gluconate; slightly soluble in boiling water; very slightly soluble
in alcohol, and in cold water; practically insoluble in ether and in chloroform.
Calcium Silicate: White to off-white, free-flowing powder that remains so after absorbing
relatively large amounts of water or other liquids. Insoluble in water. Forms a gel with mineral
acids. NF category: Glidant and/or anticaking agent.
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Change to read:
Calcium Stearate: Fine, white to yellowish-white, bulky powder having a slight, characteristic
odor. Is unctuous, and is free from grittiness. Insoluble in water, in alcohol, and in ether. NF
category: Tablet and/or capsule
2S (NF31)

Lubricant.
Change to read:
Calcium Sulfate: Fine, white to slightly yellow-white, odorless powder. Soluble in 3 N
hydrochloric acid; slightly soluble in water. NF category: Desiccant;Tablet and/or capsule
2S (NF31)

diluent.
Calcium Undecylenate: Fine, white powder, having a characteristic odor and no grit. Slightly
soluble in hot alcohol; practically insoluble in water, in ether, in chloroform, in acetone, and in
cold alcohol.
Camphor: Colorless or white crystals, granules, or crystalline masses; or colorless to white,
translucent, tough masses. Has a penetrating, characteristic odor and a pungent, aromatic
taste. Specific gravity is about 0.99. Slowly volatilizes at ordinary temperatures. Slightly soluble
in water; very soluble in alcohol, in chloroform, and in ether; freely soluble in carbon disulfide, in
solvent hexane, and in fixed and volatile oils.
Candelilla Wax: A hard, yellowish-brown-opaque to translucent wax. Its specific gravity is
about 0.983. Soluble in chloroform and in toluene; insoluble in water.
Add the following:
Candesartan Cilexetil: White to off-white powder. Sparingly soluble in methanol; practically
insoluble in water. USP35
Change to read:
Canola Oil: Clear, pale yellow, slightly viscous liquid. Practically insoluble in water and in
alcohol. Miscible with light petroleum (bp: 40 to 60 ). NF category: Solvent;
emollient; 2S (NF31)
vehicle (oleaginous).
Capecitabine: White to off-white crystalline powder. Freely soluble in methanol; soluble in
acetonitrile and in alcohol; sparingly soluble in water.
Capreomycin Sulfate: White to practically white, amorphous powder. Freely soluble in water;
practically insoluble in most organic solvents.
Add the following:
Caprylic Acid: Clear, colorless or slightly yellowish, oily liquid. Very soluble in acetone and in
alcohol; very slightly soluble in water. It dissolves in dilute solutions of alkali hydroxides. NF
category: Emulsifying agent. NF31
Change to read:
Caprylocaproyl Polyoxylglycerides: Pale yellow, oily liquids. Dispersible in hot water; freely
soluble in methylene chloride. NF category: Ointment base; solvent;
wetting and/or solubilizing agent; emulsifying agent. 2S (NF31)
Capsaicin: Off-white powder. Melts at about 65 . Soluble in alcohol, in benzene, in chloroform;
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slightly soluble in carbon disulfide; practically insoluble in cold water.
Capsicum Oleoresin: Dark red, oily liquid. Soluble in alcohol, in acetone, in ether, in
chloroform, and in volatile oils; soluble with opalescence in fixed oils.
Captopril: White to off-white, crystalline powder, which may have a characteristic, sulfide-like
odor. Melts in the range of 104 to 110 . Freely soluble in water, in methanol, in alcohol, and in
chloroform.
Change to read:
Caramel: Thick, dark brown liquid having the characteristic odor of burnt sugar, and a
pleasant, bitter taste. One part dissolved in 1000 parts of water yields a clear solution having a
distinct yellowish-orange color. The color of this solution is not changed and no precipitate is
formed after exposure to sunlight for 6 hours. When spread in a thin layer on a glass plate, it
appears homogeneous, reddish-brown, and transparent. Miscible with water. Soluble in dilute
alcohol up to 55% (v/v). Immiscible with ether, with chloroform, with acetone, with benzene,
and with solvent hexane. NF category: Color
Coloring agent. 2S (NF31)
Carbachol: White powder. Freely soluble in water; sparingly soluble in alcohol; practically
insoluble in chloroform and in ether.
Carbamazepine: White to off-white powder. Soluble in alcohol and in acetone; practically
insoluble in water.
Carbamide Peroxide Topical Solution: Clear, colorless, viscous liquid, having a characteristic
odor and taste.
Carbenicillin Disodium: White to off-white, crystalline powder. Freely soluble in water; soluble
in alcohol; practically insoluble in chloroform and in ether.
Carbenicillin Indanyl Sodium: White to off-white powder. Soluble in water and in alcohol.
Carbidopa: White to creamy white, odorless or practically odorless, powder. Freely soluble in 3
N hydrochloric acid; slightly soluble in water, and in methanol; practically insoluble in alcohol, in
acetone, in chloroform, and in ether.
Carbinoxamine Maleate: White, odorless, crystalline powder. Very soluble in water; freely
soluble in alcohol and in chloroform; very slightly soluble in ether.
Carbol-Fuchsin Topical Solution: Dark purple liquid, which appears purplish red when spread
in a thin film.
Carbomer 910: White, fluffy powder, having a slight, characteristic odor. Is hygroscopic. The
pH of a 1 in 100 dispersion is about 3. When neutralized with alkali hydroxides or with amines, it
dissolves in water, in alcohol, and in glycerin. NF category: Suspending and/or viscosityincreasing agent.
Carbomer 934: See Carbomer 910.
Carbomer 934P: See Carbomer 910.
Carbomer 940: See Carbomer 910.
Carbomer 941: See Carbomer 910.
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Carbomer 1342: See Carbomer 910.
Change to read:
Carbomer Copolymer: White, hygroscopic powder. It swells in water when a dispersion of it is
neutralized with sodium hydroxide to a pH within the range of 7.9 to 7.8. NF category:
Emulsifying and/or solubilizing
2S (NF31)

agent; suspending and/or viscosity increasing agent; tablet binder
wet binder; polymers for ophthalmic use; release-modifying agent.

2S (NF31)

Change to read:
Carbomer Homopolymer: White, fluffy hygroscopic powder, having a slight, characteristic
odor. The pH of a 1 in 100 dispersion in water is about 3. When neutralized with alkali
hydroxides or with amines, it swells giving the appearance of dissolving in water; when
neutralized with lower amines and alkanolamines, it swells giving the appearance of dissolving in
methanol or glycerin; when neutralized with ethoxylated long-chain (C14–C18) amines, it swells
giving the appearance of dissolving in ethanol. NF category: Tablet
Wet 2S (NF31)
binder; suspending and/or viscosity-increasing agent;
emulsifying agent; polymers for ophthalmic use; release-modifying agent. 2S (NF31)
Change to read:
Carbomer Interpolymer: White, hygroscopic powder. It swells in water when a dispersion of
it is neutralized with sodium hydroxide to a pH within the range of 5.5 to 9. NF category:
Emulsifying and/or solubilizing
2S (NF31)

agent; suspending and/or viscosity increasing agent; tablet binder
wet binder; polymers for ophthalmic use; release-modifying agent.

2S (NF31)

Change to read:
Carbon Dioxide: Odorless, colorless gas. Its solutions are acid to litmus. One L at 0 and at a
pressure of 760 mm of mercury weighs 1.977 g. One volume dissolves in about 1 volume of
water. NF category: Air displacement;
propellant. 2S (USP36)
Carboprost Tromethamine: White to off-white powder. Soluble in water.
Change to read:
Carboxymethylcellulose Calcium: White to yellowish-white powder. Is hygroscopic.
Practically insoluble in alcohol, in acetone, in ether, in chloroform, and in benzene. It swells
with water to form a suspension; the pH of the suspension, obtained by shaking 1 g with 100
mL of water, is between 4.5 and 6.0. NF category: Suspending and/or viscosity-increasing
agent;
coating agent; emulsifying agent; film-forming agent; disintegrant. 2S (NF31)
Change to read:
Carboxymethylcellulose Sodium: White to cream-colored powder or granules. The powder is
hygroscopic. Is easily dispersed in water to form colloidal solutions. Insoluble in alcohol, in
ether, and in most other organic solvents. NF category: Coating agent; suspending and/or
viscosity-increasing agent; tablet binder
wet binder; film-forming agent; release-modifying agent; disintegrant. 2S (USP36)
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Carboxymethylcellulose Sodium 12: Colorless or white to off-white powder or granules. Is
odorless. Water solubility depends on degree of substitution (easily dispersed in water at all
temperatures, forming a clear, colloidal solution). Insoluble in acetone, in alcohol, in ether, and
in toluene. NF category: Suspending and/or viscosity-increasing agent.
Change to read:
Enzymatically-Hydrolyzed Carboxymethylcellulose Sodium: White or slightly yellowish or
grayish, odorless, slightly hygroscopic granular or fibrous powder. Soluble in water; insoluble in
alcohol. NF category: Coating agent; suspending and/or viscosity-increasing agent;
film-forming agent. 2S (NF31)
Low-Substituted Carboxymethylcellulose Sodium: A white or almost white powder or short
fibers. Practically insoluble in acetone, in alcohol, and in toluene. It swells in water to form a
gel.
Carisoprodol: White, crystalline powder, having a mild, characteristic odor and a bitter taste.
Freely soluble in alcohol, in chloroform, and in acetone; very slightly soluble in water.
Change to read:
Carmellose: White powder. Practically insoluble in ethanol (99.5%). Swells with water to form
a suspension. Becomes viscous in sodium hydroxide TS. Is hygroscopic. NF category:
Suspending and/or viscosity increasing agent;
polymers for ophthalmic use. 2S (NF31)
Carmustine: Light yellow powder. Freely soluble in ether.
Carprofen: White crystalline powder. Freely soluble in ether, in acetone, in ethyl acetate, and
in sodium hydroxide TS or sodium carbonate TS; practically insoluble in water.
Change to read:
Carrageenan: Yellowish or tan to white, coarse to fine powder. Is practically odorless and has
a mucilaginous taste. Soluble in water at a temperature of about 80 , forming a viscous, clear
or slightly opalescent solution that flows readily. Disperses in water more readily if first
moistened with alcohol, with glycerin, or with a saturated solution of sucrose in water. NF
category: Suspending and/or viscosity-increasing agent;
release-modifying agent. 2S (NF31)
Carvedilol: White or nearly white, crystalline powder. Slightly soluble in alcohol; practically
insoluble in water and in dilute acids.
Casanthranol: Light tan to brown, amorphous, hygroscopic powder. Freely soluble in water,
with some residue; partially soluble in methanol and in hot isopropyl alcohol; practically insoluble
in acetone.
Cascara Sagrada: Has a distinct odor and a bitter and slightly acrid taste.
Change to read:
Castor Oil: Pale yellowish or almost colorless, transparent, viscid liquid. Has a faint, mild odor;
is free from foreign and rancid odor; and has a bland, characteristic taste. Soluble in alcohol.
Miscible with dehydrated alcohol, with glacial acetic acid, with chloroform, and with ether. NF
category: Plasticizer;
emollient; solvent; vehicle. 2S (USP36)

PF 38(5): Sep.-Oct. 2012

192

Change to read:
Hydrogenated Castor Oil: White, crystalline wax. Insoluble in water and in most common
organic solvents. NF category: Stiffening agent;
lubricant. 2S (NF31)
Cefaclor: White to off-white, crystalline powder. Slightly soluble in water; practically insoluble
in methanol, in chloroform, and in benzene.
Cefadroxil: White to off-white, crystalline powder. Slightly soluble in water; practically
insoluble in alcohol, in chloroform, and in ether.
Cefamandole Nafate: White, odorless, crystalline solid. Soluble in water and in methanol;
practically insoluble in ether, in chloroform, in benzene, and in cyclohexane.
Cefazolin: White to slightly off-white, odorless, crystalline powder. Melts at about 198 to 200
, with decomposition. Soluble in dimethylformamide and in pyridine; sparingly soluble in
acetone; slightly soluble in alcohol, in methanol, and in water; very slightly soluble in ethyl
acetate, in isopropyl alcohol, and in methyl isobutyl ketone; practically insoluble in benzene, in
chloroform, in ether, and in methylene chloride.
Cefazolin Sodium: White to off-white, practically odorless, crystalline powder, or white to offwhite solid. Freely soluble in water, in saline TS, and in dextrose solutions; very slightly soluble
in alcohol; practically insoluble in chloroform and in ether.
Cefdinir: White to light-yellow crystalline powder. Sparingly soluble in 0.1 M phosphate buffer
(pH 7) solution; practically insoluble in water, in alcohol, and in diethyl ether.
Cefepime Hydrochloride: White to off-white, crystalline, nonhygroscopic solid. Freely soluble
in water.
Cefepime for Injection: White to pale yellow powder. Freely soluble in water.
Cefixime: White to light yellow, crystalline powder. Soluble in methanol and in propylene
glycol; slightly soluble in alcohol, in acetone, and in glycerin; very slightly soluble in 70%
sorbitol and in octanol; practically insoluble in ether, in ethyl acetate, in hexane, and in water.
Cefmenoxime Hydrochloride: White to light orange-yellow crystals or crystalline powder.
Freely soluble in formamide; slightly soluble in methanol; very slightly soluble in water;
practically insoluble in dehydrated alcohol and in ether.
Cefmetazole Sodium: White solid. Very soluble in water and in methanol; soluble in acetone;
practically insoluble in chloroform.
Cefonicid Sodium: White to off-white solid. Freely soluble in water, in 0.9% sodium chloride
solution, and in 5% dextrose solution; soluble in methanol; very slightly soluble in dehydrated
alcohol.
Cefoperazone Sodium: White to pale buff crystalline powder. Freely soluble in water; soluble
in methanol; slightly soluble in dehydrated alcohol; insoluble in acetone, in ethyl acetate, and in
ether.
Ceforanide: White to off-white powder. Very soluble in 1 N sodium hydroxide; practically
insoluble in water, in methanol, in chloroform, and in ether.
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Cefotaxime Sodium: Off-white to pale yellow crystalline powder. Freely soluble in water;
practically insoluble in organic solvents.
Cefoxitin Sodium: White to off-white, granules or powder, having a slight characteristic odor.
Is somewhat hygroscopic. Very soluble in water; soluble in methanol; sparingly soluble in
dimethylformamide; slightly soluble in acetone; insoluble in ether and in chloroform.
Cefpodoxime Proxetil: White to light brownish-white powder. Odorless or having a faint odor,
and has a bitter taste. Freely soluble in dehydrated alcohol; soluble in acetonitrile and in
methanol; slightly soluble in ether; very slightly soluble in water.
Ceftazidime: White to cream-colored, crystalline powder. Soluble in alkali and in dimethyl
sulfoxide; slightly soluble in dimethylformamide, in methanol, and in water; insoluble in acetone,
in alcohol, in chloroform, in dioxane, in ether, in ethyl acetate, and in toluene.
Ceftizoxime Sodium: White to pale yellow crystalline powder. Freely soluble in water.
Ceftriaxone Sodium: White to yellowish-orange crystalline powder. Freely soluble in water;
sparingly soluble in methanol; very slightly soluble in alcohol.
Cefuroxime Axetil: White to almost white powder. The amorphous form is freely soluble in
acetone; soluble in chloroform, in ethyl acetate, and in methanol; slightly soluble in dehydrated
alcohol; insoluble in ether and in water. The crystalline form is freely soluble in acetone;
sparingly soluble in chloroform, in ethyl acetate, and in methanol; slightly soluble in dehydrated
alcohol; insoluble in ether and in water.
Cefuroxime Sodium: White or faintly yellow powder. Freely soluble in water; soluble in
methanol; very slightly soluble in alcohol, in ether, in ethyl acetate, and in chloroform.
Add the following:
Celecoxib: White or almost white, crystalline or amorphous powder. Soluble to freely soluble
in ethanol; soluble in methylene chloride; practically insoluble in water. 1S (USP35)
Change to read:
Cellaburate: Fine white or almost white powder or granules. Available in a range of viscosities,
acetyl and butyl contents. Slightly hygroscopic; soluble in acetone, in methylene chloride, in
pyridine, and in dimethyl sulfoxide; practically insoluble in water and in alcohol. NF category:
Coating agent; polymer membrane;
film-forming agent; release-modifying agent; diluent. 2S (NF31)
Change to read:
Cellacefate: Free-flowing, white powder. May have a slight odor of acetic acid. Soluble in
acetone and in dioxane; insoluble in water and in alcohol. NF category: Coating agent;
film-forming agent. 2S (NF31)
Change to read:
Cellulose Acetate: Fine, white powder or free-flowing pellets. Available in a range of
viscosities and acetyl contents. High viscosity, which reflects high molecular weight, decreases
solubility slightly. High acetyl content cellulose acetates generally have more limited solubility in
commonly used organic solvents than low acetyl content cellulose acetates, but are more
soluble in methylene chloride. All acetyl content cellulose acetates are soluble in dioxane and in
dimethylformamide; insoluble in alcohol and in water. NF category: Coating agent; polymer
membrane;
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Change to read:
Microcrystalline Cellulose: Fine, white or almost white powder. It consists of free-flowing,
nonfibrous particles. Practically insoluble in sodium hydroxide solution (1 in 20); insoluble in
water, in dilute acids, and in most organic solvents. NF category: Tablet binder; tablet
disintegrant; tablet and/or capsule diluent
Diluent; disintegrant; wet binder; suspending and/or viscosity-increasing agent. 2S (NF31)
Change to read:
Silicified Microcrystalline Cellulose: White or almost white, very fine to moderately fine
powder. It is a free-flowing material that may be compacted into self-binding tablets that
disintegrate rapidly in water. Slightly soluble in sodium hydroxide solution (1 in 20); practically
insoluble in water, in acetone, in ethanol, in toluene, and in diluted acid. NF category: Tablet
binder; tablet disintegrant; tablet and/or capsule diluent
Diluent; disintegrant; wet binder. 2S (NF31)
Microcrystalline Cellulose and Carboxymethylcellulose Sodium: Tasteless, odorless, white
to off-white, coarse to fine powder. Swells in water, producing, when dispersed, a white,
opaque dispersion or gel. Insoluble in organic solvents and in dilute acids. NF category:
Suspending and/or viscosity-increasing agent.
Oxidized Cellulose: In the form of gauze or lint. Is slightly off-white in color, is acidic to the
taste, and has a slight, charred odor. Soluble in dilute alkalies; insoluble in water and in acids.
Oxidized Regenerated Cellulose: A knit fabric, usually in the form of sterile strips. Slightly
off-white, having a slight odor. Soluble in dilute alkalies; insoluble in water and in dilute acids.
Change to read:
Powdered Cellulose: White or almost white powder. Exhibits degrees of fineness ranging from
a free-flowing dense powder to a coarse, fluffy, nonflowing material. Slightly soluble in sodium
hydroxide solution (1 in 20); insoluble in water, in dilute acids, and in nearly all organic
solvents. NF category: Filtering aid; sorbent; tablet and/or capsule diluent
diluent; disintegrant; glidant and/or anticaking agent; suspending and/or viscosity-increasing
agent. 2S (NF31)
Cellulose Sodium Phosphate: Free-flowing cream-colored, odorless, tasteless powder.
Insoluble in water, in dilute acids, and in most organic solvents.
Cephalexin: White to off-white, crystalline powder. Slightly soluble in water; practically
insoluble in alcohol, in chloroform, and in ether.
Cephalexin Hydrochloride: White to off-white, crystalline powder. Soluble to the extent of 10
mg per mL in water, in acetone, in acetonitrile, in alcohol, in dimethylformamide, and in
methanol; practically insoluble in chloroform, in ether, in ethyl acetate, and in isopropyl alcohol.
Cephalothin Sodium: White to off-white, practically odorless, crystalline powder. Freely
soluble in water, in saline TS, and in dextrose solutions; insoluble in most organic solvents.
Cephapirin Benzathine: White, crystalline powder. Soluble in 0.1 N hydrochloric acid;
practically insoluble in water, in ether, and in toluene; insoluble in alcohol.
Cephapirin Sodium: White to off-white, crystalline powder, odorless or having a slight odor.
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Very soluble in water; insoluble in most organic solvents.
Cephradine: White to off-white, crystalline powder. Sparingly soluble in water; very slightly
soluble in alcohol and in chloroform; practically insoluble in ether.
Cetirizine Hydrochloride: White to almost white powder. Freely soluble in water; practically
insoluble in acetone and in methylene chloride.
Change to read:
Cetostearyl Alcohol: Unctuous, white flakes or granules, having a faint, characteristic odor,
and a bland, mild taste. Soluble in alcohol and in ether; insoluble in water. NF category:
Stiffening agent;
emollient; emulsifying agent; suspending and/or viscosity-increasing agent. 2S (NF31)
Cetrimonium Bromide: A white to creamy white, voluminous, free-flowing powder, with a
characteristic faint odor and bitter, soapy taste. Freely soluble in water and in alcohol;
practically insoluble in ether. NF category: Antimicrobial preservative.
Change to read:
Cetyl Alcohol: Unctuous, white flakes, granules, cubes, or castings. Has a faint characteristic
odor and a bland, mild taste. Usually melts in the range between 45 and 50 . Soluble in alcohol
and in ether, the solubility increasing with an increase in temperature; insoluble in water. NF
category: Stiffening agent;
coating agent; emulsifying agent. 2S (NF31)
Change to read:
Cetyl Esters Wax: White to off-white, somewhat translucent flakes, having a crystalline
structure and a pearly luster when caked. Has a faint odor and a bland, mild taste, free from
rancidity, and has a specific gravity of about 0.83 at 50 . Soluble in boiling alcohol, in ether, in
chloroform, and in fixed and volatile oils; slightly soluble in cold solvent hexane; practically
insoluble in cold alcohol; insoluble in water. NF category: Stiffening agent;
emollient. 2S (NF31)
Cetyl Palmitate: White crystals or flakes. Freely soluble in alcohol and in ether; practically
insoluble in water. NF category: Stiffening agent.
Change to read:
Cetylpyridinium Chloride: White powder, having a slight, characteristic odor. Very soluble in
water, in alcohol, and in chloroform; slightly soluble in benzene and in ether. NF category:
Antimicrobial preservative; wetting and/or solubilizing agent;
emulsifying agent. 2S (USP36)
Cetylpyridinium Chloride Topical Solution: Clear liquid. Is colorless unless a color has been
added; has an aromatic odor and a bitter taste.
Activated Charcoal: Fine, black, odorless, tasteless powder, free from gritty matter. NF
category: Sorbent.
Chitosan: White or almost white powder or granules. Soluble in aqueous solutions of glycolic
acid, of formic acid, of acetic acid, of hydrochloric acid, and of lactic acid; practically insoluble
in organic solvents and in water. NF category: Coating agent; film-forming agent; suspending
and/or viscosity-increasing agent; vehicle (solid carrier).
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Chloral Hydrate: Colorless, transparent, or white crystals having an aromatic, penetrating,
and slightly acrid odor, and a slightly bitter, caustic taste. Melts at about 55 , and slowly
volatilizes when exposed to air. Very soluble in water and in olive oil; freely soluble in alcohol, in
chloroform, and in ether.
Chlorambucil: Off-white, slightly granular powder. Freely soluble in acetone; soluble in dilute
alkali; very slightly soluble in water.
Chloramphenicol: Fine, white to grayish-white or yellowish-white, needle-like crystals or
elongated plates. Its solutions are practically neutral to litmus. Is reasonably stable in neutral
or moderately acid solutions. Its alcohol solution is dextrorotatory and its ethyl acetate solution
is levorotatory. Freely soluble in alcohol, in propylene glycol, in acetone, and in ethyl acetate;
slightly soluble in water.
Chloramphenicol Palmitate: Fine, white, unctuous, crystalline powder, having a faint odor
and a bland, mild taste. Freely soluble in acetone and in chloroform; soluble in ether; sparingly
soluble in alcohol; very slightly soluble in solvent hexane; insoluble in water.
Chloramphenicol Sodium Succinate: Light yellow powder. Freely soluble in water and in
alcohol.
Chlordiazepoxide: Yellow, practically odorless, crystalline powder. Is sensitive to sunlight.
Melts at about 240 . Sparingly soluble in chloroform and in alcohol; insoluble in water.
Chlordiazepoxide Hydrochloride: White or practically white, odorless, crystalline powder. Is
affected by sunlight. Soluble in water; sparingly soluble in alcohol; insoluble in solvent hexane.
Chlorhexidine Acetate: A white or almost white, microcrystalline powder. Soluble in alcohol;
sparingly soluble in water; slightly soluble in glycerol and in propylene glycol.
Chlorhexidine Gluconate Solution: Almost colorless or pale yellow, clear liquid. Miscible with
glacial acetic acid and with water; miscible with three times its volume of acetone and with five
times its volume of dehydrated alcohol; further addition of acetone or dehydrated alcohol yields
a white turbidity.
Chlorhexidine Hydrochloride: White or almost white, crystalline powder. Sparingly soluble in
propylene glycol and in water; very slightly soluble in alcohol.
Change to read:
Chlorobutanol: Colorless to white crystals, having a characteristic, somewhat camphoraceous,
odor and taste. Anhydrous form melts at about 95 , and hydrous form melts at about 76 .
Freely soluble in alcohol, in ether, in chloroform, and in volatile oils; soluble in glycerin; slightly
soluble in water. NF category: Antimicrobial preservative;
plasticizer. 2S (NF31)
Chlorocresol: Colorless or practically colorless crystals or crystalline powder, having a
characteristic, nontarry odor. Is volatile in steam. Very soluble in alcohol; soluble in ether, in
terpenes, in fixed oils, and in solutions of alkali hydroxides; slightly soluble in water and more
soluble in hot water. NF category: Antimicrobial preservative.
Chloroprocaine Hydrochloride: White, crystalline powder. Is odorless, and is stable in air. Its
solutions are acid to litmus. Exhibits local anesthetic properties when placed upon the tongue.
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Soluble in water; slightly soluble in alcohol; very slightly soluble in chloroform; practically
insoluble in ether.
Chloroquine: White or slightly yellow, crystalline powder. Is odorless, and has a bitter taste.
Soluble in dilute acids, in chloroform, and in ether; very slightly soluble in water.
Chloroquine Hydrochloride Injection: Colorless liquid.
Chloroquine Phosphate: White, crystalline powder. Is odorless, has a bitter taste, and is
discolored slowly on exposure to light. Its solutions have a pH of about 4.5. Exists in two
polymorphic forms, one melting between 193 and 195 and the other between 210 and 215
(see Melting Range or Temperature

741 ); mixture of the forms melts between 193 and 215

. Freely soluble in water; practically insoluble in alcohol, in chloroform, and in ether.
Chlorothiazide: White or practically white, crystalline, odorless powder. Melts at about 340 ,
with decomposition. Freely soluble in dimethylformamide and in dimethyl sulfoxide; slightly
soluble in methanol and in pyridine; practically insoluble in ether, in benzene, and in chloroform;
very slightly soluble in water.
Change to read:
Chloroxylenol: White crystals or crystalline powder, having a characteristic odor. Is volatile in
steam. Freely soluble in alcohol, in ether, in terpenes, in fixed oils, and in solutions of alkali
hydroxides; very slightly soluble in water.
NF catetory: Antimicrobial preservative. 2S (NF31)
Chlorpheniramine Maleate: White, odorless, crystalline powder. Its solutions have a pH
between 4 and 5. Freely soluble in water; soluble in alcohol and in chloroform; slightly soluble in
ether and in benzene.
Chlorpromazine: White, crystalline solid, having an amine-like odor. Darkens on prolonged
exposure to light. Melts at about 60 . Freely soluble in alcohol, in benzene, in chloroform, in
ether, and in dilute mineral acids; practically insoluble in water and in dilute alkali hydroxides.
Chlorpromazine Hydrochloride: White or slightly creamy white, odorless, crystalline powder.
Darkens on prolonged exposure to light. Very soluble in water; freely soluble in alcohol and in
chloroform; insoluble in ether and in benzene.
Chlorpropamide: White, crystalline powder, having a slight odor. Soluble in alcohol; sparingly
soluble in chloroform; practically insoluble in water.
Chlortetracycline Hydrochloride: Yellow, crystalline powder. Is odorless, and has a bitter
taste. Is stable in air, but is slowly affected by light. Soluble in solutions of alkali hydroxides
and carbonates; sparingly soluble in water; slightly soluble in alcohol; practically insoluble in
acetone, in chloroform, in dioxane, and in ether.
Chlorthalidone: White to yellowish-white, crystalline powder. Melts at a temperature above
215 , with decomposition. Soluble in methanol; slightly soluble in alcohol; practically insoluble in
water, in ether, and in chloroform.
Chlorzoxazone: White or practically white, practically odorless, crystalline powder. Soluble in
solutions of alkali hydroxides and ammonia; sparingly soluble in alcohol, in isopropyl alcohol, and
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in methanol; slightly soluble in water.
Cholecalciferol: White, odorless crystals. Is affected by air and by light. Melts at about 85 .
Soluble in alcohol, in chloroform, and in fatty oils; insoluble in water.
Change to read:
Cholesterol: White or faintly yellow, practically odorless, pearly leaflets, needles, powder, or
granules. Acquires a yellow to pale tan color on prolonged exposure to light. Soluble in acetone,
in chloroform, in dioxane, in ether, in ethyl acetate, in solvent hexane, and in vegetable oils;
sparingly soluble in dehydrated alcohol; slightly (and slowly) soluble in alcohol; insoluble in
water. NF category: Emulsifying and/or solubilizing agent
Emulsifying agent; emollient. 2S (NF31)
Cholestyramine Resin: White to buff-colored, hygroscopic, fine powder. Is odorless or has
not more than a slight amine-like odor. Insoluble in water, in alcohol, in chloroform, and in
ether.
Choline Bitartrate: White, hygroscopic, crystalline powder. Clear, colorless liquid in solution.
Melts between 148 and 153 . Is odorless, or may have a faint trimethylamine odor. Freely
soluble in water; slightly soluble in alcohol; insoluble in ether and in chloroform.
Choline Chloride: Colorless or white crystals or crystalline powder, usually having a slight odor
of trimethylamine. Clear and colorless in solution. Hygroscopic. Soluble in alcohol and in water.
Sodium Chromate Cr 51 Injection: Clear, slightly yellow solution.
Chromic Chloride: Dark green, odorless, slightly deliquescent crystals. Soluble in water and in
alcohol; slightly soluble in acetone; practically insoluble in ether.
Chymotrypsin: White to yellowish-white, crystalline or amorphous, odorless, powder. An
amount equivalent to 100,000 USP Units is soluble in 10 mL of water and in 10 mL of saline TS.
Ciclopirox: White to slightly yellowish-white, crystalline powder. Freely soluble in ethanol and
in methylene chloride; soluble in ether; slightly soluble in water.
Ciclopirox Olamine: White to slightly yellowish-white, crystalline powder. Very soluble in
alcohol and in methylene chloride; slightly soluble in water; practically insoluble in cyclohexane.
Cilastatin Sodium: White to tan-colored powder. Soluble in water and in methanol.
Cilostazol: White to off-white crystals. Freely soluble in chloroform; slightly soluble in methanol
and in alcohol; practically insoluble in water.
Cimetidine: White to off-white, crystalline powder; odorless, or having a slight mercaptan
odor. Freely soluble in methanol; soluble in alcohol and in polyethylene glycol 400; sparingly
soluble in isopropyl alcohol; slightly soluble in water and in chloroform; practically insoluble in
ether.
Cinoxacin: White to yellowish-white, crystalline solid. Is odorless, and has a bitter taste and a
lingering aftertaste. Soluble in alkaline solution; insoluble in water and in most common organic
solvents.
Ciprofloxacin Hydrochloride: Faintly yellowish to light yellow crystals. Sparingly soluble in
water; slightly soluble in acetic acid and in methanol; very slightly soluble in dehydrated
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alcohol; practically insoluble in acetone, in acetonitrile, in ethyl acetate, in hexane, and in
methylene chloride.
Cisapride: White or almost white powder. Freely soluble in dimethylformamide; soluble in
methylene chloride; sparingly soluble in methanol; practically insoluble in water.
Change to read:
Citalopram Hydrobromide: White to almost white, crystalline powder. Soluble in alcohol;
sparingly soluble in water
and in dehydrated alcohol. USP36
Change to read:
Anhydrous Citric Acid: Colorless, translucent crystals, or white, granular to fine, crystalline
powder. Melts at about 153 , with decomposition. Very soluble in water; freely soluble in
alcohol; very slightly soluble in ether. NF category: Acidifying agent; buffering agent
ph Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Change to read:
Citric Acid Monohydrate: Colorless, translucent crystals, or white, granular to fine, crystalline
powder. Efflorescent in dry air. Very soluble in water; freely soluble in alcohol; very slightly
soluble in ether. NF category: Acidifying agent; buffering agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent); antioxidant; chelating and/or
complexing agent. 2S (USP36)
Clarithromycin: White to off-white, crystalline powder. Soluble in acetone; slightly soluble in
dehydrated alcohol, in methanol, and in acetonitrile, and in phosphate buffer at pH values of 2
to 5; practically insoluble in water.
Clavulanate Potassium: White to off-white powder. Is moisture-sensitive. Freely soluble in
water, but stability in aqueous solution is not good, optimum stability at a pH of 6.0 to 6.3;
soluble in methanol, with decomposition.
Clemastine Fumarate: White to off-white, odorless powder. Its solutions are acid to litmus.
Slightly soluble in methanol; very slightly soluble in water, and in chloroform.
Clenbuterol Hydrochloride: White or almost white, crystalline powder. Soluble in water and in
alcohol; slightly soluble in acetone. It melts with decomposition at 173 .
Clidinium Bromide: White to nearly white, practically odorless, crystalline powder. Is optically
inactive. Melts at about 242 . Soluble in water and in alcohol; slightly soluble in benzene and in
ether.
Clindamycin Hydrochloride: White or practically white, crystalline powder. Is odorless or has
a faint mercaptan-like odor. Is stable in the presence of air and light. Its solutions are acidic
and are dextrorotatory. Freely soluble in water, in dimethylformamide, and in methanol; soluble
in alcohol; practically insoluble in acetone.
Clindamycin Palmitate Hydrochloride: White to off-white amorphous powder, having a
characteristic odor. Very soluble in ethyl acetate and in dimethylformamide; freely soluble in
water, in benzene, in ether, in chloroform, and in alcohol.
Clindamycin Phosphate: White to off-white, hygroscopic, crystalline powder. Is odorless or
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practically odorless, and has a bitter taste. Freely soluble in water; slightly soluble in
dehydrated alcohol; very slightly soluble in acetone; practically insoluble in chloroform, in
benzene, and in ether.
Clioquinol: Voluminous, spongy, yellowish-white to brownish-yellow powder, having a slight,
characteristic odor. Darkens on exposure to light. Melts at about 180 , with decomposition.
Soluble in hot ethyl acetate and in hot glacial acetic acid; practically insoluble in water and in
alcohol.
Clobetasol Propionate: White to cream, crystalline powder. Soluble in acetone, in dimethyl
sulfoxide, in chloroform, in methanol, and in dioxane; sparingly soluble in ethanol; slightly soluble
in benzene and in diethyl ether; practically insoluble in water.
Clocortolone Pivalate: White to yellowish-white, odorless powder. Melts at about 230 , with
decomposition. Freely soluble in chloroform and in dioxane; soluble in acetone; sparingly soluble
in alcohol; slightly soluble in benzene and in ether.
Clofazimine: Dark red crystals. Melts at about 217 , with decomposition. Soluble in chloroform
and in benzene; sparingly soluble in alcohol, in acetone, and in ethyl acetate; practically
insoluble in water.
Clofibrate: Colorless to pale yellow liquid having a characteristic odor. Soluble in acetone, in
alcohol, in benzene, and in chloroform; insoluble in water.
Clomiphene Citrate: White to pale yellow, essentially odorless powder. Freely soluble in
methanol; sparingly soluble in alcohol; slightly soluble in water and in chloroform; insoluble in
ether.
Clomipramine Hydrochloride: White to faintly yellow, crystalline powder. Very soluble in
water.
Clonazepam: Light yellow powder, having a faint odor. Sparingly soluble in acetone and in
chloroform; slightly soluble in alcohol and in ether; insoluble in water.
Clonidine: White to almost white, crystalline powder. Melting point is about 130 . Freely
soluble in methanol and in alcohol.
Change to read:
Clopidogrel Bisulfate: White to off-white powder. Freely soluble in water and in methanol;
practically insoluble in ether.
Freely soluble at pH 1; practically insoluble at neutral pH. USP36
Cloprostenol Sodium: White or almost white, amorphous powder. Is hygroscopic. Freely
soluble in water, in alcohol, and in methanol; practically insoluble in acetone.
Clorazepate Dipotassium: Light yellow, crystalline powder. Darkens on exposure to light.
Soluble in water but, upon standing, may precipitate from the solution; slightly soluble in
alcohol and in isopropyl alcohol; practically insoluble in acetone, in benzene, in chloroform, in
ether, and in methylene chloride.
Clorsulon: White to off-white powder. Freely soluble in acetonitrile and in methanol; slightly
soluble in water; very slightly soluble in methylene chloride.
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Clotrimazole: White to pale yellow, crystalline powder. Melts at about 142 , with
decomposition. Freely soluble in methanol, in acetone, in chloroform, and in alcohol; practically
insoluble in water.
Cloxacillin Benzathine: White or almost white, almost odorless, crystals or crystalline powder.
Soluble in chloroform and in methanol; sparingly soluble in acetone; slightly soluble in water, in
alcohol, and in isopropyl alcohol.
Cloxacillin Sodium: White, odorless, crystalline powder. Freely soluble in water; soluble in
alcohol; slightly soluble in chloroform.
Clozapine: Yellow, crystalline powder. Soluble in chloroform, in acetone, and in alcohol;
sparingly soluble in acetonitrile; insoluble in water.
Coal Tar: Nearly black, viscous liquid, heavier than water, having a characteristic,
naphthalene-like odor, and producing a sharp, burning sensation on the tongue. Slightly soluble
in water, to which it imparts its characteristic odor and taste and a faintly alkaline reaction;
partially soluble in acetone, in alcohol, in carbon disulfide, in chloroform, in ether, in methanol,
and in solvent hexane; soluble in benzene and nitrobenzene.
Cyanocobalamin Co 57 Capsules: May contain a small amount of solid or solids, or may
appear empty.
Cyanocobalamin Co 57 Oral Solution: Clear, colorless to pink solution.
Cocaine: Colorless to white crystals or white, crystalline powder. Is levorotatory in 3 N
hydrochloric acid solution. Its saturated solution is alkaline to litmus. Very soluble in warm
alcohol; freely soluble in alcohol, in chloroform, and in ether; soluble in olive oil; sparingly
soluble in mineral oil; slightly soluble in water.
Cocaine Hydrochloride: Colorless crystals or white, crystalline powder. Very soluble in water;
freely soluble in alcohol; soluble in chloroform and in glycerin; insoluble in ether.
Coccidioidin: Clear, practically colorless or amber-colored liquid.
Cocoa Butter: Yellowish-white solid, having a faint, agreeable odor, and a bland, chocolatelike taste if the cocoa butter is obtained by pressing. If obtained by extraction, the taste is
bland. Is usually brittle at temperatures below 25 . Freely soluble in ether and in chloroform;
soluble in boiling dehydrated alcohol; slightly soluble in alcohol. NF category: Suppository base.
Change to read:
Coconut Oil: Clear, white to light yellow-tan, viscous liquid. Freely soluble in methylene
chloride and in light petroleum (bp: 65 to 70 ); very slightly soluble in alcohol; practically
insoluble in water. NF category: Coating agent; emulsifying and/or solubilizing agent
emulsifying agent; emollient; ointment base. 2S (NF31)
Change to read:
Hydrogenated Coconut Oil: White to yellowish, fatty solid to semi-solid. Freely soluble in
ether; very slightly soluble in alcohol; practically insoluble in water. NF category: Coating
agent; tablet binder; tablet and/or capsule lubricant
lubricant; wet binder. 2S (NF31)
Cod Liver Oil: Thin, oily liquid, having a characteristic, slightly fishy but not rancid odor, and a
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fishy taste. Freely soluble in ether, in chloroform, in carbon disulfide, and in ethyl acetate;
slightly soluble in alcohol.
Codeine: Colorless or white crystals or white, crystalline powder. It effloresces slowly in dry
air, and is affected by light. In acid or alcohol solutions it is levorotatory. Its saturated solution
is alkaline to litmus. Very soluble in chloroform; freely soluble in alcohol; sparingly soluble in
ether; slightly soluble in water. When heated in an amount of water insufficient for complete
solution, it melts to oily drops that crystallize on cooling.
Codeine Phosphate: Fine, white, needle-shaped crystals, or white, crystalline powder. Is
odorless. Is affected by light. Its solutions are acid to litmus. Very soluble in hot water; freely
soluble in water; slightly soluble in alcohol but more so in boiling alcohol.
Codeine Sulfate: White crystals, usually needle-like, or white, crystalline powder. Is affected
by light. Freely soluble in water at 80 ; soluble in water; very slightly soluble in alcohol;
insoluble in chloroform and in ether.
Colchicine: Pale yellow to pale greenish-yellow, amorphous scales, or powder or crystalline
powder. Is odorless or nearly so, and darkens on exposure to light. Freely soluble in alcohol and
in chloroform; soluble in water; slightly soluble in ether.
Colestipol Hydrochloride: Yellow to orange beads. Swells but does not dissolve in water or
dilute aqueous solutions of acid or alkali. Insoluble in the common organic solvents.
Colistimethate Sodium: White to slightly yellow, odorless, fine powder. Freely soluble in
water; soluble in methanol; insoluble in acetone and in ether.
Colistin Sulfate: White to slightly yellow, odorless, fine powder. Freely soluble in water; slightly
soluble in methanol; insoluble in acetone and in ether.
Collodion: Clear, or slightly opalescent, viscous liquid. Is colorless, or slightly yellowish, and
has the odor of ether.
Flexible Collodion: Clear, or slightly opalescent, viscous liquid. Is colorless or slightly yellow,
and has the odor of ether. The strong odor of camphor becomes noticeable as the ether
evaporates.
Change to read:
Copovidone: White to yellowish-white powder or flakes. Is hygroscopic. Freely soluble in
water, in alcohol, and in methylene chloride; practically insoluble in ether. NF category: Tablet
binder;
Wet binder; 2S (NF31)
coating agent;
film-forming agent. 2S (NF31)
Corn Oil: Clear, light yellow, oily liquid, having a faint, characteristic odor and taste. Slightly
soluble in alcohol. Miscible with ether, with chloroform, with benzene, and with solvent hexane.
Specific gravity

841 : Between 0.914 and 0.921. NF category: Solvent; vehicle (oleaginous).

Change to read:
Corn Syrup: Clear, white to light yellow, viscous liquid. Is miscible in all proportions with water.
NF category: Suspending and/or viscosity-increasing agent; sweetening agent; tablet and/or
capsule diluent; tablet binder;
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2S (NF31)

Change to read:
Corn Syrup Solids: Sweet, white to light yellow powder or granules. Soluble in water. NF
category: Coating agent; flavored and/or sweetened vehicle; solid carrier;
vehicle (flavored and/or sweentened and solid carrier); 2S (NF31)
humectant; suspending and/or viscosity-increasing agent; sweetening agent; tablet and/or
capsule diluent; tablet binder;
diluent; wet binder; 2S (NF31)
tonicity agent.
Corticotropin Injection: Colorless or light straw-colored liquid.
Corticotropin for Injection: White or practically white, soluble, amorphous solid having the
characteristic appearance of substances prepared by freeze-drying.
Repository Corticotropin Injection: Colorless or light straw-colored liquid, which may be quite
viscid at room temperature. Is odorless or has an odor of an antimicrobial agent.
Corticotropin Zinc Hydroxide Injectable Suspension: Flocculent, white, aqueous
suspension, free from large particles following moderate shaking.
Cortisone Acetate: White or practically white, odorless, crystalline powder. Is stable in air.
Melts at about 240 , with some decomposition (see Melting Range or Temperature 741 ).
Freely soluble in chloroform; soluble in dioxane; sparingly soluble in acetone; slightly soluble in
alcohol; insoluble in water.
Purified Cotton: White, soft, fine filament-like hairs appearing under the microscope as hollow,
flattened, and twisted bands, striate and slightly thickened at the edges. Is practically odorless
and practically tasteless. Soluble in ammoniated cupric oxide TS; insoluble in ordinary solvents.
Cottonseed Oil: Pale yellow, oily liquid. Is odorless or nearly so, and has a bland taste. At
temperatures below 10 particles of solid fat may separate from the Oil, and at about 0 to

5

the Oil becomes a solid or nearly so. Specific gravity 841 : Between 0.915 and 0.921.
Slightly soluble in alcohol. Miscible with ether, with chloroform, with solvent hexane, and with
carbon disulfide. NF category: Solvent; vehicle (oleaginous).
Hydrogenated Cottonseed Oil: A white mass or powder that melts to a clear, pale yellow
liquid when heated. Freely soluble in methylene chloride and in toluene; very slightly soluble in
alcohol; practically insoluble in water.
Change to read:
Creatinine: White crystals or crystalline powder; odorless. Soluble in water; slightly soluble in
alcohol; practically insoluble in acetone, in ether, and in chloroform. NF category: Bulking
agent. for freeze-drying.
2S (NF31)

Cresol: Colorless, or yellowish to brownish-yellow, or pinkish, highly refractive liquid, becoming
darker with age and on exposure to light. Has a phenol-like, sometimes empyreumatic odor. A
saturated solution of it is neutral or only slightly acid to litmus. Sparingly soluble in water,
usually forming a cloudy solution; dissolves in solutions of fixed alkali hydroxides. Miscible with
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alcohol, with ether, and with glycerin. NF category: Antimicrobial preservative.
Cromolyn Sodium: White, odorless, crystalline powder. Is tasteless at first, with a slightly
bitter aftertaste. Is hygroscopic. Soluble in water; insoluble in alcohol and in chloroform.
Cromolyn Sodium for Inhalation: White to creamy white, odorless, hygroscopic, and very
finely divided powder.
Change to read:
Croscarmellose Sodium: White, free-flowing powder. Partially soluble in water; insoluble in
alcohol, in ether, and in other organic solvents. NF category: Tablet
2S (NF31)

Disintegrant.
Change to read:
Crospovidone: White to creamy-white, hygroscopic powder, having a faint odor. Insoluble in
water and in ordinary organic solvents. NF category: Tablet
2S (NF31)

Disintegrant.
Crotamiton: Colorless to slightly yellowish oil, having a faint amine-like odor. Soluble in alcohol
and in methanol.
Cupric Chloride: Bluish green, deliquescent crystals. Freely soluble in water; soluble in alcohol;
slightly soluble in ether.
Cupric Sulfate: Deep blue, triclinic crystals or blue, crystalline granules or powder. It
effloresces slowly in dry air. Its solutions are acid to litmus. Very soluble in boiling water; freely
soluble in water and in glycerin; slightly soluble in alcohol.
Cyanocobalamin: Dark red crystals or amorphous or crystalline red powder. In the anhydrous
form, it is very hygroscopic and when exposed to air it may absorb about 12% of water. Soluble
in alcohol; sparingly soluble in water; insoluble in acetone, in chloroform, and in ether.
Cyclandelate: White, crystalline powder. Very soluble in acetonitrile, in alcohol, and in ether;
practically insoluble in water. Melts at about 58 .
Cyclizine Hydrochloride: White, crystalline powder or small, colorless crystals. Is odorless or
nearly so, and has a bitter taste. Melts indistinctly at about 285 , with decomposition.
Sparingly soluble in chloroform; slightly soluble in water and in alcohol; insoluble in ether.
Cyclobenzaprine Hydrochloride: White to off-white, odorless, crystalline powder. Freely
soluble in water, in alcohol, and in methanol; sparingly soluble in isopropanol; slightly soluble in
chloroform and in methylene chloride; insoluble in hydrocarbons.
Cyclopentolate Hydrochloride: White, crystalline powder, which upon standing develops a
characteristic odor. Its solutions are acid to litmus. Melts at about 138 , the melt appearing
opaque. Very soluble in water; freely soluble in alcohol; insoluble in ether.
Cyclophosphamide: White, crystalline powder. Liquefies upon loss of its water of
crystallization. Soluble in water and in alcohol.
Cyclopropane: Colorless gas having a characteristic odor. Has a pungent taste. One L at a
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pressure of 760 mm and a temperature of 0 weighs about 1.88 g. One volume dissolves in
about 2.7 volumes of water at 15 . Freely soluble in alcohol; soluble in fixed oils.
Cycloserine: White to pale yellow, crystalline powder. Is odorless or has a faint odor. Is
hygroscopic and deteriorates upon absorbing water. Its solutions are dextrorotatory. Freely
soluble in water.
Cyclosporine: White to almost white powder. Soluble in acetone, in alcohol, in methanol, in
ether, in chloroform, and in methylene chloride; slightly soluble in saturated hydrocarbons;
practically insoluble in water.
Cyproheptadine Hydrochloride: White to slightly yellow, odorless or practically odorless,
crystalline powder. Freely soluble in methanol; soluble in chloroform; sparingly soluble in alcohol;
slightly soluble in water; practically insoluble in ether.
Cyromazine: White or off-white, odorless, crystalline powder. Slightly soluble in methanol and
in water.
Cysteine Hydrochloride: White crystals or crystalline powder. Soluble in water, in alcohol, and
in acetone.
Cytarabine: Odorless, white to off-white, crystalline powder. Freely soluble in water; slightly
soluble in alcohol and in chloroform.
Dactinomycin: Bright red, crystalline powder. Is somewhat hygroscopic and is affected by light
and by heat. Freely soluble in alcohol; soluble in water at 10 and slightly soluble in water at 37
; very slightly soluble in ether.
Danazol: White to pale yellow, crystalline powder. Melts at about 225 , with some
decomposition. Freely soluble in chloroform; soluble in acetone; sparingly soluble in alcohol and
in benzene; slightly soluble in ether; practically insoluble or insoluble in water and in hexane.
Change to read:
Dantrolene Sodium: Fine orange to orange-brown powder. Sparingly soluble in acetone, in
dimethyformamide, and in glycerine
dimethylformamide and in glycerine; sparingly soluble to practically insoluble in acetone. USP36
Dapsone: White or creamy white, crystalline powder. Is odorless and has a slightly bitter
taste. Freely soluble in alcohol; soluble in acetone and in dilute mineral acids; very slightly
soluble in water.
Daunorubicin Hydrochloride: Orange-red, crystalline, hygroscopic powder. Freely soluble in
water and in methanol; slightly soluble in alcohol; very slightly soluble in chloroform; practically
insoluble in acetone.
Deferoxamine Mesylate: White to off-white powder. Freely soluble in water; slightly soluble in
methanol.
Dehydrocholic Acid: White, fluffy, odorless powder, having a bitter taste. Soluble in glacial
acetic acid and in solutions of alkali hydroxides and carbonates; sparingly soluble in chloroform
(the solutions in alcohol and in chloroform usually are slightly turbid); slightly soluble in alcohol
and in ether; practically insoluble in water.
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Dehydroacetic Acid: White or nearly white, crystalline powder. Soluble in aqueous solutions of
alkalies; very slightly soluble in water. One g of sample dissolves in about 35 mL of alcohol and
in 5 mL of acetone. NF category: Antimicrobial preservative.
Demecarium Bromide: White or slightly yellow, slightly hygroscopic, crystalline powder. Freely
soluble in water and in alcohol; soluble in ether; sparingly soluble in acetone.
Demeclocycline: Yellow, crystalline, odorless powder, having a bitter taste. Soluble in alcohol;
sparingly soluble in water. Dissolves readily in 3 N hydrochloric acid and in alkaline solutions.
Demeclocycline Hydrochloride: Yellow, crystalline, odorless powder, having a bitter taste.
Sparingly soluble in water and in solutions of alkali hydroxides and carbonates; slightly soluble in
alcohol; practically insoluble in acetone and in chloroform.
Change to read:
Denatonium Benzoate: Very soluble in chloroform and in methanol; freely soluble in water and
in alcohol; very slightly soluble in ether. NF category: Alcohol denaturant;
flavors and fragrance. 2S (NF31)
Desipramine Hydrochloride: White to off-white, crystalline powder. Melts at about 213 .
Freely soluble in methanol and in chloroform; soluble in water and in alcohol; insoluble in ether.
Desmopressin Acetate: White, fluffy powder. Soluble in water, in alcohol, and in acetic acid.
Desoximetasone: White to practically white, odorless, crystalline powder. Freely soluble in
alcohol, in acetone, and in chloroform; insoluble in water.
Change to read:
Desoxycholic Acid: Occurs as a white, crystalline powder. Freely soluble in alcohol; soluble in
acetone and in solutions of alkali hydroxides and carbonates; slightly soluble in chloroform and
in ether; practically insoluble in water. NF category: Emulsifying and/or solubilizing
2S (NF31)

agent.
Desoxycorticosterone Acetate: White or creamy white, crystalline powder. Is odorless, and
is stable in air. Sparingly soluble in alcohol, in acetone, and in dioxane; slightly soluble in
vegetable oils; practically insoluble in water.
Dexamethasone: White to practically white, odorless, crystalline powder. Is stable in air.
Melts at about 250 , with some decomposition. Sparingly soluble in acetone, in alcohol, in
dioxane, and in methanol; slightly soluble in chloroform; very slightly soluble in ether; practically
insoluble in water.
Dexamethasone Acetate: Clear, white to off-white, odorless powder. Freely soluble in
methanol, in acetone, and in dioxane; practically insoluble in water.
Dexamethasone Sodium Phosphate: White or slightly yellow, crystalline powder. Is odorless
or has a slight odor of alcohol, and is exceedingly hygroscopic. Freely soluble in water; slightly
soluble in alcohol; very slightly soluble in dioxane; insoluble in chloroform and in ether.
Dexbrompheniramine Maleate: White, odorless, crystalline powder. Exists in two polymorphic
forms, one melting between 106 and 107 and the other between 112 and 113 . Mixtures of
the forms may melt between 105 and 113 . The pH of a solution (1 in 100) is about 5. Freely
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soluble in water; soluble in alcohol and in chloroform.
Dexchlorpheniramine Maleate: White, odorless, crystalline powder. Freely soluble in water;
soluble in alcohol and in chloroform; slightly soluble in benzene and in ether.
Dexpanthenol: Clear, viscous, somewhat hygroscopic liquid, having a slight, characteristic
odor. Some crystallization may occur on standing. Freely soluble in water, in alcohol, in
methanol, and in propylene glycol; soluble in chloroform and in ether; slightly soluble in glycerin.
Dextran 1: A white to off-white powder. Is hygroscopic. Very soluble in water; sparingly
soluble in alcohol.
Change to read:
Dextrates: Free-flowing, porous, white, odorless, spherical granules consisting of aggregates
of microcrystals, having a sweet taste and producing a cooling sensation in the mouth. May be
compressed directly into self-binding tablets. Freely soluble in water (heating increases its
solubility in water); soluble in dilute acids and alkalies and in basic organic solvents such as
pyridine; insoluble in the common organic solvents. NF category: Sweetening agent; tablet
and/or capsule diluent
diluent; wet binder. 2S (NF31)
Change to read:
Dextrin: Free-flowing, white, yellow, or brown powder. Its solubility in water varies; it is
usually very soluble, but often contains an insoluble portion. NF category: Tablet binder; tablet
and/or capsule diluent
Suspending and/or viscosity-increasing agent; diluent; wet binder; film-forming agent;
stiffening agent. 2S (NF31)
Dextroamphetamine Sulfate: White, odorless, crystalline powder. Soluble in water; slightly
soluble in alcohol; insoluble in ether.
Dextromethorphan: Practically white to slightly yellow, odorless, crystalline powder. Eleven
mg of Dextromethorphan is equivalent to 15 mg of dextromethorphan hydrobromide
monohydrate. Freely soluble in chloroform; practically insoluble in water.
Dextromethorphan Hydrobromide: Practically white crystals or crystalline powder, having a
faint odor. Melts at about 126 , with decomposition. Freely soluble in alcohol and in chloroform;
sparingly soluble in water; insoluble in ether.
Change to read:
Dextrose: Colorless crystals or white, crystalline or granular powder. Is odorless, and has a
sweet taste. Very soluble in boiling water; freely soluble in water; soluble in boiling alcohol;
slightly soluble in alcohol. NF category: Sweetening agent; tonicity agent; vehicle (flavored
and/or sweetened);
diluent. 2S (USP36)
Change to read:
Dextrose Excipient: Colorless crystals or white, crystalline or granular powder. Is odorless and
sweet-tasting. Very soluble in boiling water; freely soluble in water; sparingly soluble in boiling
alcohol; slightly soluble in alcohol. NF category: Sweetening agent; tablet and/or capsule
2S (NF31)

diluent.
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Diacetylated Monoglycerides: Clear liquid. Very soluble in 80% (w/w) aqueous alcohol, in
vegetable oils, and in mineral oils; sparingly soluble in 70% alcohol. NF category: Plasticizer.
Diatrizoate Meglumine: White, odorless powder. Freely soluble in water.
Diatrizoate Meglumine Injection: Clear, colorless to pale yellow, slightly viscous liquid.
Diatrizoate Meglumine and Diatrizoate Sodium Injection: Clear, colorless to pale yellow,
slightly viscous liquid. May crystallize at room temperature or below.
Diatrizoate Sodium: White, odorless powder. Soluble in water; slightly soluble in alcohol;
practically insoluble in acetone and in ether.
Diatrizoate Sodium Injection: Clear, colorless to pale yellow, slightly viscous liquid.
Diatrizoate Sodium Solution: Clear, pale yellow to light brown liquid.
Diatrizoic Acid: White, odorless powder. Soluble in dimethylformamide and in alkali hydroxide
solutions; very slightly soluble in water and in alcohol.
Diazepam: Off-white to yellow, practically odorless, crystalline powder. Freely soluble in
chloroform; soluble in alcohol; practically insoluble in water.
Diazoxide: White or cream-white crystals or crystalline powder. Very soluble in strong alkaline
solutions; freely soluble in dimethylformamide; sparingly soluble to practically insoluble in water
and in most organic solvents.
Dibucaine: White to off-white powder, having a slight, characteristic odor. Darkens on
exposure to light. Soluble in 1 N hydrochloric acid and in ether; slightly soluble in water.
Dibucaine Hydrochloride: Colorless or white to off-white crystals or white to off-white,
crystalline powder. Is odorless, is somewhat hygroscopic, and darkens on exposure to light. Its
solutions have a pH of about 5.5. Freely soluble in water, in alcohol, in acetone, and in
chloroform.
Change to read:
Dibutyl Phthalate: A clear, oily liquid, colorless or very slightly yellow. Practically insoluble in
water. Miscible with alcohol and with ether.
NF category: Film-forming agent; solvent. 2S (NF31)
Dibutyl Sebacate: Colorless, oily liquid of very mild odor. Soluble in alcohol, in isopropyl
alcohol, and in mineral oil; very slightly soluble in propylene glycol; practically insoluble in water
and in glycerin. NF category: Plasticizer.
Dichloralphenazone: White, microcrystalline powder. Has a slight odor characteristic of chloral
hydrate. Decomposed by dilute alkali, liberating chloroform. Freely soluble in water, in alcohol,
and in chloroform; soluble in dilute acids.
Change to read:
Dichlorodifluoromethane: Clear, colorless gas, having a faint, ethereal odor. Its vapor
pressure at 25 is about 4880 mm of mercury (80 psig). NF category: Aerosol
2S (NF31)

Propellant.
Change to read:
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Dichlorotetrafluoroethane: Clear, colorless gas, having a faint, ethereal odor. Its vapor
pressure at 25 is about 1620 mm of mercury (17 psig). Usually contains between 6% and 10%
of its isomer, CCl2F-CF 3. NF category: Aerosol
2S (NF31)

Propellant.
Diclazuril: White to yellow powder. Sparingly soluble in dimethylformamide; practically insoluble
in water, in alcohol, and in methylene chloride.
Diclofenac Potassium: White to off-white or slightly yellowish crystalline powder, slightly
hygroscopic. Freely soluble in methanol; soluble in alcohol; sparingly soluble in water; slightly
soluble in acetone.
Diclofenac Sodium: White to off-white, hygroscopic, crystalline powder. Melts at about 284 .
Freely soluble in methanol; soluble in ethanol; sparingly soluble in water; practically insoluble in
chloroform and in ether.
Dicloxacillin Sodium: White to off-white, crystalline powder. Freely soluble in water.
Dicyclomine Hydrochloride: Fine, white, crystalline powder. Is practically odorless and has a
very bitter taste. Freely soluble in alcohol and in chloroform; soluble in water; very slightly
soluble in ether.
Dicyclomine Hydrochloride Injection: Colorless solution, which may have the odor of a
preservative.
Didanosine: White to off-white, crystalline powder. Very soluble in dimethyl sulfoxide;
practically insoluble or insoluble in acetone and in methanol.
Dienestrol: Colorless, white or practically white, needle-like crystals, or white or practically
white, crystalline powder. Is odorless. Soluble in alcohol, in acetone, in ether, in methanol, in
propylene glycol, and in solutions of alkali hydroxides; slightly soluble in chloroform and in fatty
oils; practically insoluble in water.
Change to read:
Diethanolamine: White or clear, colorless crystals, deliquescing in moist air; or colorless liquid.
Miscible with water, with alcohol, with acetone, with chloroform, and with glycerin. Slightly
soluble to insoluble in benzene, in ether, and in petroleum ether. NF category: Alkalizing agent;
emulsifying and/or solubilizing agent
Emulsifying agent; pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Diethylcarbamazine Citrate: White, crystalline powder. Melts at about 136 , with
decomposition. Is odorless or has a slight odor; is slightly hygroscopic. Very soluble in water;
sparingly soluble in alcohol; practically insoluble in acetone, in chloroform, and in ether.
Change to read:
Diethylene Glycol Monoethyl Ether: Clear, colorless liquid. Is hygroscopic. Miscible with
water, with acetone, and with alcohol; partially miscible with vegetable oils; immiscible with
mineral oils. Specific gravity about 0.991. NF category: Ointment base; solvent;
emulsifying agent. 2S (NF31)
Change to read:
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Diethylene Glycol Stearates: White or almost white, waxy solid. Soluble in acetone and in hot
alcohol; practically insoluble in water. NF category: Emulsifying and/or solubilizing
2S (NF31)

agent.
Change to read:
Diethyl Phthalate: Colorless, practically odorless, oily liquid. Insoluble in water. Miscible with
alcohol, with ether, and with other usual organic solvents. NF category: Plasticizer;
film-forming agent; solvent. 2S (NF31)
Add the following:
Diethyl Sebacate: A colorless to slightly yellow liquid. Miscible with alcohol, with ether, with
other organic solvents, and with most fixed oils; insoluble or practically insoluble in water. NF
category: Flavors and fragrance. USP36
Diethylpropion Hydrochloride: White to off-white, fine crystalline powder. Is odorless, or has
a slight characteristic odor. It melts at about 175 , with decomposition. Freely soluble in water,
in chloroform, and in alcohol; practically insoluble in ether.
Diethylstilbestrol: White, odorless, crystalline powder. Soluble in alcohol, in chloroform, in
ether, in fatty oils, and in dilute alkali hydroxides; practically insoluble in water.
Diethyltoluamide: Colorless liquid, having a faint, pleasant odor. Boils at about 111 under a
pressure of 1 mm of mercury. Practically insoluble in water and in glycerin. Miscible with alcohol,
with isopropyl alcohol, with ether, with chloroform, and with carbon disulfide.
Diflorasone Diacetate: White to pale yellow, crystalline powder. Soluble in methanol and in
acetone; sparingly soluble in ethyl acetate; slightly soluble in toluene; very slightly soluble in
ether; insoluble in water.
Diflunisal: White to off-white, practically odorless powder. Freely soluble in alcohol and in
methanol; soluble in acetone and in ethyl acetate; slightly soluble in chloroform, in carbon
tetrachloride, and in methylene chloride; insoluble in hexane and in water.
Digitoxin: White or pale buff, odorless, microcrystalline powder. Sparingly soluble in chloroform;
slightly soluble in alcohol; very slightly soluble in ether; practically insoluble in water.
Digoxin: Clear to white, odorless crystals or white, odorless crystalline powder. Freely soluble
in pyridine; slightly soluble in diluted alcohol and in chloroform; practically insoluble in water and
in ether.
Dihydroergotamine Mesylate: White to slightly yellowish powder, or off-white to faintly red
powder, having a faint odor. Soluble in alcohol; slightly soluble in water and in chloroform.
Dihydrostreptomycin Sulfate: White or almost white, amorphous or crystalline powder.
Amorphous form is hygroscopic. Freely soluble in water; practically insoluble in acetone, in
chloroform, and in methanol.
Dihydrotachysterol: Colorless or white, odorless crystals, or white, odorless, crystalline
powder. Freely soluble in ether and in chloroform; soluble in alcohol; sparingly soluble in
vegetable oils; practically insoluble in water.
Dihydroxyacetone: White to off-white crystalline powder. The monomeric form is freely
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soluble in water, in alcohol, and in ether. The dimeric form is freely soluble in water; soluble in
alcohol; and sparingly soluble in ether.
Dihydroxyaluminum Aminoacetate: White, odorless powder having a faintly sweet taste.
Soluble in dilute mineral acids and in solutions of fixed alkalies; insoluble in water and in organic
solvents.
Dihydroxyaluminum Aminoacetate Magma: White, viscous suspension, from which small
amounts of water may separate on standing.
Dihydroxyaluminum Sodium Carbonate: Fine, white, odorless powder. Soluble in dilute
mineral acids with the evolution of carbon dioxide; practically insoluble in water and in organic
solvents.
Diloxanide Furoate: White or almost white, crystalline powder. Freely soluble in chloroform;
slightly soluble in alcohol and in ether; very slightly soluble in water.
Diltiazem Hydrochloride: White, odorless, crystalline powder or small crystals. Freely soluble
in chloroform, in formic acid, in methanol, and in water; sparingly soluble in dehydrated alcohol;
insoluble in ether. Melts at about 210 , with decomposition.
Dimenhydrinate: White, crystalline, odorless powder. Freely soluble in alcohol and in
chloroform; sparingly soluble in ether; slightly soluble in water.
Dimercaprol: Colorless or practically colorless liquid, having a disagreeable, mercaptan-like
odor. Soluble in water, in alcohol, in benzyl benzoate, and in methanol.
Dimercaprol Injection: Yellow, viscous solution having a pungent, disagreeable odor. Specific
gravity is about 0.978.
Change to read:
Dimethicone: A clear, colorless, and odorless liquid. Soluble in chlorinated hydrocarbons, in
benzene, in toluene, in xylene, in n-hexane, in petroleum spirits, in ether, and in amyl acetate;
very slightly soluble in isopropyl alcohol; insoluble in water, in methanol, in alcohol, and in
acetone. NF category: Antifoaming agent; water-repelling agent;
adhesive; emollient. 2S (NF31)
Change to read:
Dimethyl Sulfoxide: Clear, colorless, odorless, hygroscopic liquid. Melts at about 18.4 . Boils
at about 189 . Soluble in water; practically insoluble in acetone, in alcohol, in benzene, in
chloroform, and in ether.
NF category: Solvent. 2S (USP36)
Dinoprostone: White to off-white, crystalline powder. Freely soluble in acetone, in alcohol, in
ether, in ethyl acetate, in isopropyl alcohol, in methanol, and in methylene chloride; soluble in
toluene and in diisopropyl ether; practically insoluble in hexanes.
Dinoprost Tromethamine: White to off-white, crystalline powder. Very soluble in water; freely
soluble in dimethylformamide; soluble in methanol; slightly soluble in chloroform.
Dioxybenzone: Yellow powder. Freely soluble in alcohol and in toluene; practically insoluble in
water.
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Diphenhydramine Hydrochloride: White, odorless, crystalline powder. Slowly darkens on
exposure to light. Its solutions are practically neutral to litmus. Freely soluble in water, in
alcohol, and in chloroform; sparingly soluble in acetone; very slightly soluble in benzene and in
ether.
Diphenoxylate Hydrochloride: White, odorless, crystalline powder. Its saturated solution has
a pH of about 3.3. Freely soluble in chloroform; soluble in methanol; sparingly soluble in alcohol
and in acetone; slightly soluble in water and in isopropanol; practically insoluble in ether and in
solvent hexane.
Diphtheria and Tetanus Toxoids Adsorbed: Turbid, and white, slightly gray, or slightly pink
suspension, free from evident clumps after shaking.
Dipivefrin Hydrochloride: White, crystalline powder or small crystals, having a faint odor. Very
soluble in water.
Dipyridamole: Intensely yellow, crystalline powder or needles. Very soluble in methanol, in
alcohol, and in chloroform; slightly soluble in water; very slightly soluble in acetone and in ethyl
acetate.
Dirithromycin: White or practically white powder. Very soluble in methanol and in methylene
chloride; very slightly soluble in water.
Disopyramide Phosphate: White or practically white, odorless powder. Melts at about 205 ,
with decomposition. Freely soluble in water; slightly soluble in alcohol; practically insoluble in
chloroform and in ether.
Disulfiram: White to off-white, odorless, crystalline powder. Soluble in acetone, in alcohol, in
carbon disulfide, and in chloroform; very slightly soluble in water.
Divalproex Sodium: White to off-white powder. Very soluble in chloroform; freely soluble in
methanol and in ethyl ether; soluble in acetone; practically insoluble in acetonitrile.
Dobutamine Hydrochloride: White to practically white, crystalline powder. Soluble in alcohol
and in pyridine; sparingly soluble in water and in methanol.
Docetaxel: White or almost white, crystalline powder. Freely soluble in acetone; soluble in
methanol; practically insoluble in water.
Docusate Calcium: White, amorphous solid, having the characteristic odor of octyl alcohol. It
is free of the odor of other solvents. Very soluble in alcohol, in polyethylene glycol 400, and in
corn oil; very slightly soluble in water.
Docusate Potassium: White, amorphous solid, having a characteristic odor suggestive of octyl
alcohol. Very soluble in solvent hexane; soluble in alcohol and in glycerin; sparingly soluble in
water.
Docusate Sodium: White, wax-like, plastic solid, having a characteristic odor suggestive of
octyl alcohol, but no odor of other solvents. Very soluble in solvent hexane; freely soluble in
alcohol and in glycerin; sparingly soluble in water. NF category: Wetting and/or solubilizing
agent.
Dofetilide: White to off-white powder. Soluble in 0.1 N sodium hydroxide, in acetone, and in
0.1 N hydrochloric acid; very slightly soluble in water and in isopropyl alcohol.
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Dolasetron Mesylate: White to off-white powder. Freely soluble in water and in propylene
glycol; slightly soluble in alcohol and in saline TS.
Donepezil Hydrochloride: White crystalline powder. Freely soluble in chloroform; soluble in
water and glacial acetic acid; slightly soluble in alcohol and acetonitrile; practically insoluble in
ethyl acetate and n-hexane.
Dopamine Hydrochloride: White to off-white, crystalline powder. May have a slight odor of
hydrochloric acid. Melts at about 240 , with decomposition. Freely soluble in water and in
aqueous solutions of alkali hydroxides; soluble in methanol; insoluble in ether and in chloroform.
Dorzolamide Hydrochloride: White to off-white, crystalline powder. Soluble in water.
Doxapram Hydrochloride: White to off-white, odorless, crystalline powder. Melts at about
220 . Soluble in water and in chloroform; sparingly soluble in alcohol; practically insoluble in
ether.
Doxazosin Mesylate: White to tan-colored powder. Freely soluble in formic acid; very slightly
soluble in methanol and in water.
Doxorubicin Hydrochloride: Red-orange, hygroscopic, crystalline or amorphous powder.
Soluble in water, in isotonic sodium chloride solution, and in methanol; practically insoluble in
chloroform, in ether, and in other organic solvents.
Doxycycline: Yellow, crystalline powder. Freely soluble in dilute acid and in alkali hydroxide
solutions; very slightly soluble in alcohol and in water; practically insoluble in chloroform and in
ether.
Doxycycline Hyclate: Yellow, crystalline powder. Soluble in water and in solutions of alkali
hydroxides and carbonates; slightly soluble in alcohol; practically insoluble in chloroform and in
ether.
Doxylamine Succinate: White or creamy white powder, having a characteristic odor. Very
soluble in water and in alcohol; freely soluble in chloroform; very slightly soluble in ether and in
benzene.
Dronabinol: Light yellow resinous oil that is sticky at room temperature and hardens upon
refrigeration. Insoluble in water.
Droperidol: White to light tan, amorphous or microcrystalline powder. Freely soluble in
chloroform; slightly soluble in alcohol and in ether; practically insoluble in water. Melts at about
145 .
Drospirenone: White to off-white powder. Freely soluble in methylene chloride; soluble in
acetone and in methanol; sparingly soluble in ethyl acetate and in alcohol; practically insoluble
in hexane and in water.
Add the following:
Duloxetine Hydrochloride: White to brownish-white solid. Slightly soluble in water.
2S (USP35)

Absorbable Dusting Powder: White, odorless powder.
Dyclonine Hydrochloride: White crystals or white crystalline powder, which may have a slight
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odor. Exhibits local anesthetic properties when placed upon the tongue. Soluble in water, in
acetone, in alcohol, and in chloroform.
Dydrogesterone: White to pale yellow, crystalline powder. Sparingly soluble in alcohol;
practically insoluble in water.
Dyphylline: White, odorless, extremely bitter, amorphous or crystalline solid. Freely soluble in
water; sparingly soluble in alcohol and in chloroform; practically insoluble in ether.
Ecamsule Solution: Clear yellow liquid.
Echothiophate Iodide: White, crystalline, hygroscopic solid having a slight mercaptan-like
odor. Its solutions have a pH of about 4. Freely soluble in water and in methanol; soluble in
dehydrated alcohol; practically insoluble in other organic solvents.
Echothiophate Iodide for Ophthalmic Solution: White, amorphous powder.
Econazole Nitrate: White or practically white, crystalline powder, having not more than a
slight odor. Soluble in methanol; sparingly soluble in chloroform; slightly soluble in alcohol; very
slightly soluble in water and in ether.
Change to read:
Edetate Calcium Disodium: White, crystalline granules or white, crystalline powder. Is
odorless, is slightly hygroscopic, and has a faint, saline taste. Is stable in air. Freely soluble in
water. NF category: Chelating agent; complexing agent
Chelating and/or complexing agent. 2S (NF31)
Change to read:
Edetate Disodium: White, crystalline powder. Soluble in water. NF category: Chelating agent;
complexing agent
Chelating and/or complexing agent; transfer ligand. 2S (USP36)
Change to read:
Edetic Acid: White, crystalline powder. Melts above 220 , with decomposition. Soluble in
solutions of alkali hydroxides; very slightly soluble in water. NF category: Chelating agent;
complexing agent
Chelating and/or complexing agent. 2S (NF31)
Edrophonium Chloride: White, odorless, crystalline powder. Its solution (1 in 10) is practically
colorless. Very soluble in water; freely soluble in alcohol; insoluble in chloroform and in ether.
Efavirenz: White to slightly pink crystalline powder. Soluble in methanol; practically insoluble in
water.
Emedastine Fumarate: White to faintly yellow, crystalline powder. Soluble in water.
Emetine Hydrochloride: White or very slightly yellowish, odorless, crystalline powder. Is
affected by light. Freely soluble in water and in alcohol.
Enalapril Maleate: Off-white, crystalline powder. Melts at about 144 . Freely soluble in
methanol and in dimethylformamide; soluble in alcohol; sparingly soluble in water; slightly
soluble in semipolar organic solvents; practically insoluble in nonpolar organic solvents.
Enalaprilat: White to nearly white, hygroscopic, crystalline powder. Sparingly soluble in
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methanol and in dimethylformamide; slightly soluble in water and in isopropyl alcohol; very
slightly soluble in acetone, in alcohol, and in hexane; practically insoluble in acetonitrile and in
chloroform.
Enflurane: Clear, colorless, stable, volatile liquid, having a mild, sweet odor. Is nonflammable.
Slightly soluble in water. Miscible with organic solvents, with fats, and with oils.
Enrofloxacin: Pale yellow to light yellow crystalline powder. Very slightly soluble in water at pH
7.
Entacapone: Greenish yellow to yellow powder. Sparingly soluble in acetone and in methanol;
slightly soluble in ethanol, chloroform, isopropanol, and ether; very slightly soluble in toluene;
practically insoluble in water.
Ephedrine: Unctuous, practically colorless solid or white crystals or granules. Gradually
decomposes on exposure to light. Melts between 33 and 40 , the variability in the melting
point being the result of differences in the moisture content, anhydrous Ephedrine having a
lower melting point than the hemihydrate of Ephedrine. Its solutions are alkaline to litmus.
Soluble in water, in alcohol, in chloroform, and in ether; sparingly and slowly soluble in mineral
oil, the solution becoming turbid if the Ephedrine contains more than about 1% of water.
Ephedrine Hydrochloride: Fine, white, odorless crystals or powder. Is affected by light.
Freely soluble in water; soluble in alcohol; insoluble in ether.
Ephedrine Sulfate: Fine, white, odorless crystals or powder. Darkens on exposure to light.
Freely soluble in water; sparingly soluble in alcohol.
Ephedrine Sulfate Nasal Solution: Clear, colorless solution. Is neutral or slightly acid to
litmus.
Epinephrine: White to practically white, odorless, microcrystalline powder or granules,
gradually darkening on exposure to light and air. With acids, it forms salts that are readily
soluble in water, and the base may be recovered by the addition of ammonia water or alkali
carbonates. Its solutions are alkaline to litmus. Very slightly soluble in water and in alcohol;
insoluble in ether, in chloroform, and in fixed and volatile oils.
Epinephrine Injection: Practically colorless, slightly acid liquid. Gradually turns dark on
exposure to light and air.
Epinephrine Inhalation Solution: Practically colorless, slightly acid liquid. Gradually turns dark
on exposure to light and air.
Epinephrine Nasal Solution: Nearly colorless, slightly acid liquid. Gradually turns dark on
exposure to light and air.
Epinephrine Ophthalmic Solution: Colorless to faint yellow solution. Gradually turns dark on
exposure to light and air.
Epinephrine Bitartrate: White, or grayish-white or light brownish- gray, odorless, crystalline
powder. Slowly darkens on exposure to air and light. Its solutions are acid to litmus, having a
pH of about 3.5. Freely soluble in water; slightly soluble in alcohol; practically insoluble in
chloroform and in ether.
Epinephrine Bitartrate for Ophthalmic Solution: White to off-white solid.
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Epinephryl Borate Ophthalmic Solution: Clear, pale yellow liquid, gradually darkening on
exposure to light and air.
Epirubicin Hydrochloride: Orange-red powder. Soluble in water and in methanol; slightly
soluble in anhydrous ethanol; practically insoluble in acetone.
Add the following:
Epoprostenol Sodium: White to off-white solid. Sparingly soluble in water.

1S (USP36)

Eprinomectin: White to off-white powder. Insoluble in cold water.
Ergocalciferol: White, odorless crystals. Is affected by air and by light. Soluble in alcohol, in
chloroform, in ether, and in fatty oils; insoluble in water.
Ergocalciferol Oral Solution: Clear liquid having the characteristics of the solvent used in
preparing the Solution.
Ergoloid Mesylates: White to off-white, microcrystalline or amorphous, practically odorless
powder. Soluble in methanol and in alcohol; sparingly soluble in acetone; slightly soluble in
water.
Ergonovine Maleate: White to grayish-white or faintly yellow, odorless, microcrystalline
powder. Darkens with age and on exposure to light. Sparingly soluble in water; slightly soluble
in alcohol; insoluble in ether and in chloroform.
Ergotamine Tartrate: Colorless crystals or white to yellowish-white, crystalline powder. Is
odorless. Melts at about 180 , with decomposition. One g dissolves in about 3200 mL of water;
in the presence of a slight excess of tartaric acid 1 g dissolves in about 500 mL of water.
Slightly soluble in alcohol.
Erythorbic Acid: White or slightly yellow crystals or powder. It gradually darkens when
exposed to light. In the dry state, it is reasonably stable in air, but in solution, it rapidly
deteriorates in the presence of air. It melts between 164 and 171 with decomposition. One g
is soluble in about 2.5 mL of water and in about 20 mL of alcohol. Slightly soluble in glycerin. NF
category: Antimicrobial preservative; antioxidant.
Change to read:
Erythritol: White or almost white, crystalline powder or free-flowing granules. It is stable to
heat and is nonhygroscopic. Freely soluble in water; very slightly soluble in alcohol. NF
category: Humectant; sweetening agent;
diluent. 2S (NF31)
Erythromycin: White or slightly yellow, crystalline powder. Is odorless or practically odorless.
Soluble in alcohol, in chloroform, and in ether; slightly soluble in water.
Erythromycin Estolate: White, crystalline powder. Is odorless or practically odorless, and is
practically tasteless. Soluble in alcohol, in acetone, and in chloroform; practically insoluble in
water.
Erythromycin Ethylsuccinate: White or slightly yellow crystalline powder. Is odorless or
practically odorless, and is practically tasteless. Freely soluble in alcohol, in chloroform, and in
polyethylene glycol 400; very slightly soluble in water.
Erythromycin Gluceptate: Colorless to white crystals. Slightly hygroscopic. Freely soluble in
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water, in alcohol, in methanol, in dioxane, and in propylene glycol; slightly soluble in acetone
and in chloroform; practically insoluble in ether, in carbon tetrachloride, in benzene, and in
toluene.
Erythromycin Lactobionate for Injection: White or slightly yellow crystals or powder, having
a faint odor. Its solution (1 in 20) is neutral or slightly alkaline. Freely soluble in water, in
alcohol, and in methanol; slightly soluble in acetone and in chloroform; practically insoluble in
ether.
Erythromycin Stearate: White or slightly yellow crystals or powder. Is odorless or may have a
slight, earthy odor, and has a slightly bitter taste. Soluble in alcohol, in chloroform, in methanol,
and in ether; practically insoluble in water.
Add the following:
Esmolol Hydrochloride: White to off-white crystalline powder. Very soluble in water; freely
soluble in alcohol. 2S (USP35)
Escitalopram Oxalate: Fine, white to slightly yellow powder. Freely soluble in methanol and in
dimethyl sulfoxide; sparingly soluble in water and in alcohol; very slightly soluble in ethyl
acetate and in isopropyl alcohol; insoluble in heptane.
Esomeprazole Magnesium: White to slightly colored powder. Soluble in methanol; slightly
soluble in water; practically insoluble in heptane.
Add the following:
Estazolam: White to pale yellowish-white crystal. Soluble in methanol and in acetic
anhydride; sparingly soluble in ethanol; practically insoluble in water and in ether. 1S (USP35)
Estradiol: White or creamy white, small crystals or crystalline powder. Is odorless, and is
stable in air. Is hygroscopic. Soluble in alcohol, in acetone, in dioxane, in chloroform, and in
solutions of fixed alkali hydroxides; sparingly soluble in vegetable oils; practically insoluble in
water.
Estradiol Benzoate: White to off-white, crystalline powder. Soluble in alcohol and in acetone;
slightly soluble in diethyl ether; insoluble in water.
Estradiol Cypionate: White to practically white, crystalline powder. Is odorless or has a slight
odor. Soluble in alcohol, in acetone, in chloroform, and in dioxane; sparingly soluble in vegetable
oils; insoluble in water.
Estradiol Valerate: White, crystalline powder. Is usually odorless but may have a faint, fatty
odor. Soluble in castor oil, in methanol, in benzyl benzoate, and in dioxane; sparingly soluble in
sesame oil and in peanut oil; practically insoluble in water.
Estriol: White to practically white, odorless, crystalline powder. Melts at about 280 . Soluble in
acetone, in chloroform, in dioxane, in ether, and in vegetable oils; sparingly soluble in alcohol;
insoluble in water.
Conjugated Estrogens: Conjugated Estrogens obtained from natural sources is a buff-colored,
amorphous powder, odorless or having a slight, characteristic odor. The synthetic form is a
white to light buff, crystalline or amorphous powder, odorless or having a slight odor.
Synthetic Conjugated Estrogens: A white to light buff, crystalline or amorphous powder that
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is odorless or has a slight odor.
Esterified Estrogens: White or buff-colored, amorphous powder, odorless or having a slight,
characteristic odor.
Estrone: Small, white crystals or white to creamy white, crystalline powder. Is odorless, and is
stable in air. Melts at about 260 . Soluble in alcohol, in acetone, in dioxane, and in vegetable
oils; slightly soluble in solutions of fixed alkali hydroxides; practically insoluble in water.
Estropipate: White to yellowish-white, fine, crystalline powder. Is odorless, or may have a
slight odor. Melts at about 190 to a light brown, viscous liquid, which solidifies on further
heating and finally melts at about 245 , with decomposition. Soluble in warm water; very
slightly soluble in water, in alcohol, in chloroform, and in ether.
Ethacrynic Acid: White or practically white, odorless or practically odorless, crystalline
powder. Freely soluble in alcohol, in chloroform, and in ether; very slightly soluble in water.
Ethambutol Hydrochloride: White, crystalline powder. Freely soluble in water; soluble in
alcohol and in methanol; slightly soluble in ether and in chloroform.
Ethchlorvynol: Colorless to yellow, slightly viscous liquid, having a characteristic pungent
odor. Darkens on exposure to light and air. Immiscible with water; miscible with most organic
solvents.
Ether: Colorless, mobile, volatile liquid, having a characteristic sweet, pungent odor. Is slowly
oxidized by the action of air and light, with the formation of peroxides. It boils at about 35 .
Soluble in water and in hydrochloric acid. Miscible with alcohol, with benzene, with chloroform,
with solvent hexane, with methylene chloride, and with fixed and volatile oils.
Ethinyl Estradiol: White to creamy white, odorless, crystalline powder. Soluble in alcohol, in
chloroform, in ether, in vegetable oils, and in solutions of fixed alkali hydroxides; insoluble in
water.
Ethiodized Oil Injection: Straw-colored to amber-colored, oily liquid. It may possess an
alliaceous odor. Soluble in acetone, in chloroform, in ether, and in solvent hexane; insoluble in
water.
Ethionamide: Bright yellow powder, having a faint to moderate sulfide-like odor. Soluble in
methanol; sparingly soluble in alcohol and in propylene glycol; slightly soluble in water, in
chloroform, and in ether.
Ethopabate: White to pinkish-white, odorless or practically odorless powder. Soluble in
acetonitrile, in acetone, in dehydrated alcohol, and in methanol; sparingly soluble in isopropyl
alcohol, in dioxane, in ethyl acetate, and in methylene chloride; slightly soluble in ether; very
slightly soluble in water.
Ethosuximide: White to off-white, crystalline powder or waxy solid, having a characteristic
odor. Freely soluble in water and in chloroform; very soluble in alcohol and in ether; very
slightly soluble in solvent hexane.
Ethotoin: White, crystalline powder. Freely soluble in dehydrated alcohol and in chloroform;
soluble in ether; insoluble in water.
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Change to read:
Ethyl Acetate: Transparent, colorless liquid, having a fragrant, refreshing, slightly acetous
odor, and a peculiar, acetous, burning taste. Soluble in water. Miscible with alcohol, with ether,
with fixed oils, and with volatile oils. NF category: Flavors and perfumes;
fragrance; 2S (NF31)
solvent.
Change to read:
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion: Milky-white liquid of low
viscosity with a faint, characteristic odor. It is miscible with water in any proportion; the milkywhite appearance is retained. A clear or slightly opalescent, viscous solution is obtained on
mixing one part with five parts of acetone, alcohol, or isopropyl alcohol; the polymer substance
first precipitates, but then dissolves in the excess organic solvent. When mixed with 1 N sodium
hydroxide in a ratio of 1:2, the dispersion does not dissolve; the milky-white appearance is
retained. NF category: Coating agent; polymer membrane; tablet binder
wet binder; film-forming agent; diluent. 2S (NF31)
Ethyl Chloride: Colorless, mobile, very volatile liquid at low temperatures or under pressure,
having a characteristic, ethereal odor. It boils between 12 and 13 , and its specific gravity at
0 is about 0.921. When liberated at room temperature from its sealed container, it vaporizes
immediately. It burns with a smoky, greenish flame, producing hydrogen chloride. Freely soluble
in alcohol and in ether; slightly soluble in water.
Change to read:
Ethyl Oleate: Mobile, practically colorless liquid, having an agreeable taste. Insoluble in water.
Miscible with vegetable oils, with mineral oil, with alcohol, and with most organic solvents. NF
category: Vehicle (oleaginous);
solvent. 2S (NF31)
Change to read:
Ethyl Maltol: White, crystalline powder having a cotton-candy odor and a sweet, fruitlike
flavor in dilute solution. One g dissolves in about 55 mL of water, 10 mL of alcohol, 17 mL of
propylene glycol, and 5 mL of chloroform. It melts at about 90 . NF category: Vehicle (flavored
and/or sweetened);
flavors and fragrance. 2S (NF31)
Change to read:
Ethyl Vanillin: Fine, white or slightly yellowish crystals. Its taste and odor are similar to the
taste and odor of vanillin. Is affected by light. Its solutions are acid to litmus. Freely soluble in
alcohol, in chloroform, in ether, and in solutions of alkali hydroxides; sparingly soluble in water
at 50 . NF category: Flavors and perfumes
fragrance. 2S (NF31)
Change to read:
Ethylcellulose: Free-flowing, white to light tan powder. It forms films that have a refractive
index of about 1.47. Its aqueous suspensions are neutral to litmus. Ethylcellulose containing
less than 46.5% of ethoxy groups is freely soluble in tetrahydrofuran, in methyl acetate, in
chloroform, and in mixtures of aromatic hydrocarbons with alcohol; Ethylcellulose containing not
less than 46.5% of ethoxy groups is freely soluble in alcohol, in methanol, in toluene, in
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chloroform, and in ethyl acetate; insoluble in water, in glycerin, and in propylene glycol. NF
category: Coating agent; tablet binder
wet binder; flavors and fragrance; film-forming agent; polymer membrane; release-modifying
agent; suspending and/or viscosity-increasing agent. 2S (NF31)
Change to read:
Ethylcellulose Dispersion Type B: Off-white and slightly viscous liquid. Soluble in alcohol, in
methyl alcohol, in toluene, in chloroform, and in ethyl acetate; insoluble in water, in glycerin,
and in propylene glycol. NF category: Coating agent; film-forming agent;
polymer membrane; release-modifying agent. 2S (NF31)
Ethylenediamine: Clear, colorless or only slightly yellow liquid, having an ammonia-like odor
and a strong alkaline reaction. Miscible with water and with alcohol.
Change to read:
Ethylene Glycol Stearates: White or almost white, waxy solid. Soluble in acetone and in hot
alcohol; practically insoluble in water. NF category: Emulsifying and/or solubilizing
2S (NF31)

agent;
emollient.

2S (NF31)

Change to read:
Ethylene Glycol and Vinyl Alcohol Graft Copolymer: White or slightly yellowish powder. Very
soluble in water; practically insoluble in anhydrous alcohol, and in acetone. It dissolves in dilute
acids and dilute solutions of alkali hydroxides. NF category: Coating agent; tablet binder
wet binder; film-forming agent. 2S (NF31)
Ethylparaben: Small, colorless crystals or white powder. Freely soluble in acetone, in alcohol,
in ether, and in propylene glycol; slightly soluble in water and in glycerin. NF category:
Antimicrobial preservative.
Ethynodiol Diacetate: White, odorless, crystalline powder. Is stable in air. Very soluble in
chloroform; freely soluble in ether; soluble in alcohol; sparingly soluble in fixed oils; insoluble in
water.
Etidronate Disodium: White powder, which may contain lumps. Freely soluble in water;
practically insoluble in alcohol.
Etomidate: White or almost white powder. Freely soluble in alcohol and in methylene chloride;
very slightly soluble in water.
Etoposide: Fine, white to off-white, crystalline powder. Sparingly soluble in methanol; slightly
soluble in alcohol, in chloroform, in ethyl acetate, and in methylene chloride; very slightly
soluble in water.
Eugenol: Colorless or pale yellow liquid, having a strongly aromatic odor of clove and a
pungent, spicy taste. Upon exposure to air, it darkens and thickens. Is optically inactive.
Slightly soluble in water. Miscible with alcohol, with chloroform, with ether, and with fixed oils.
Famotidine: White to pale yellowish-white, crystalline powder. Is sensitive to light. Freely
soluble in dimethylformamide and in glacial acetic acid; slightly soluble in methanol; very slightly
soluble in water; practically insoluble in acetone, in alcohol, in chloroform, in ether, and in ethyl
acetate.

PF 38(5): Sep.-Oct. 2012

221

Hard Fat: White mass; almost odorless and free from rancid odor; greasy to the touch. On
warming, melts to give a colorless or slightly yellowish liquid. When the molten material is
shaken with an equal quantity of hot water, a white emulsion is formed. Freely soluble in ether;
slightly soluble in alcohol; practically insoluble in water. NF category: Stiffening agent;
suppository base.
Add the following:
Felbamate: White to off-white powder. Freely soluble in dimethyl sulfoxide; sparingly soluble
in methanol; slightly soluble in acetonitrile; very slightly soluble in water. 1S (USP35)
Felodipine: Light yellow to yellow, crystalline powder. Freely soluble in acetone and in
methanol; very slightly soluble in heptane; insoluble in water.
Fenbendazole: White to off-white powder. Sparingly soluble in dimethylformamide; very
slightly soluble in methanol; practically insoluble in water.
Fenofibrate: White or almost white, crystalline powder. Very soluble in methylene chloride;
slightly soluble in alcohol; practically insoluble in water.
Fenoldopam Mesylate: White to off-white powder. Soluble in water.
Fenoprofen Calcium: White, crystalline powder. Slightly soluble in n-hexanol, in methanol, and
in water; practically insoluble in chloroform.
Fentanyl Citrate: White, crystalline powder or white, glistening crystals. Melts at about 150 ,
with decomposition. Soluble in methanol; sparingly soluble in water; slightly soluble in
chloroform.
Change to read:
Ferric Oxide: Powder exhibiting two basic colors (red and yellow), or other shades produced on
blending the basic colors. Insoluble in water and in organic solvents; dissolves in hydrochloric
acid upon warming, a small amount of insoluble residue usually remaining. NF category: Color
Coloring agent. 2S (NF31)
Ferric Subsulfate Solution: Reddish-brown liquid, odorless or nearly so. Acid to litmus, and is
affected by light. Specific gravity is about 1.548.
Ferric Sulfate: Grayish-white or yellowish powder or fawn-colored pearls. Hygroscopic. Slightly
soluble in water and in ethanol (96%); practically insoluble in acetone and in ethyl acetate.
Hydrolyzes slowly in aqueous solution.
Change to read:
Ferrosoferric Oxide: Black powder. Dissolves in hydrochloric acid upon warming, a small
amount of insoluble residue usually remaining; insoluble in water and in organic solvents. NF
category: Color
Coloring agent. 2S (NF31)
Ferrous Fumarate: Reddish-orange to red-brown, odorless powder. May contain soft lumps
that produce a yellow streak when crushed. Slightly soluble in water; very slightly soluble in
alcohol. Its solubility in dilute hydrochloric acid is limited by the separation of fumaric acid.
Ferrous Gluconate: Yellowish-gray or pale greenish-yellow, fine powder or granules, having a
slight odor resembling that of burned sugar. Its solution (1 in 20) is acid to litmus. Soluble in

PF 38(5): Sep.-Oct. 2012

222

water, with slight heating; practically insoluble in alcohol.
Ferrous Sulfate: Pale, bluish-green crystals or granules. Is odorless and is efflorescent in dry
air. Oxidizes readily in moist air to form brownish yellow basic ferric sulfate. Its solution (1 in
10) is acid to litmus, having a pH of about 3.7. Very soluble in boiling water; freely soluble in
water; insoluble in alcohol.
Dried Ferrous Sulfate: Grayish-white to buff-colored powder, consisting primarily of
FeSO4·H2O with varying amounts of FeSO4·4H2O. Slowly soluble in water; insoluble in alcohol.
Ferumoxides Injection: Black to reddish-brown, aqueous colloid. It is stable for 24 hours after
dilution.
Add the following:
Fexofenadine Hydrochloride: White to off-white powder. Freely soluble in methanol; slightly
soluble in water; very slightly soluble in acetone. USP36
Finasteride: White to off-white, crystalline solid. Melts at about 257 . Freely soluble in
chloroform and in alcohol; very slightly soluble in water.
Fish Oil Containing Omega-3 Acids: Pale yellow liquid. Very soluble in acetone and in
heptane; slightly soluble in anhydrous alcohol; practically insoluble in water.
Flavoxate Hydrochloride: White or almost white, crystalline powder. Slightly soluble in
alcohol, in water, and in methylene chloride.
Flecainide Acetate: White to slightly off-white, crystalline powder. Freely soluble in alcohol;
soluble in water. pKa is 9.3.
Fluconazole: White or almost white, crystalline powder. Freely soluble in methanol; soluble in
alcohol and in acetone; sparingly soluble in isopropanol and in chloroform; slightly soluble in
water; very slightly soluble in toluene.
Flucytosine: White to off-white, crystalline powder. Is odorless or has a slight odor. Sparingly
soluble in water; slightly soluble in alcohol; practically insoluble in chloroform and in ether.
Fludarabine Phosphate: White to off-white, crystalline, hygroscopic powder. Freely soluble in
dimethylformamide; slightly soluble in water and in 0.1 M hydrochloric acid; practically insoluble
in ethanol.
Fludrocortisone Acetate: White to pale yellow crystals or crystalline powder. Is odorless or
practically odorless. Is hygroscopic. Sparingly soluble in alcohol and in chloroform; slightly
soluble in ether; insoluble in water.
Flumazenil: White to off-white powder. Slightly soluble in acidic aqueous solutions; practically
insoluble in water.
Flumethasone Pivalate: White to off-white, crystalline powder. Slightly soluble in methanol;
very slightly soluble in chloroform and in methylene chloride; insoluble in water.
Flunisolide: White to creamy-white, crystalline powder. Melts at about 245 , with
decomposition. Soluble in acetone; sparingly soluble in chloroform; slightly soluble in methanol;
practically insoluble in water.
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Flunixin Meglumine: White to off-white crystalline powder. Soluble in water, in alcohol, and in
methanol; practically insoluble in ethyl acetate.
Fluocinolone Acetonide: White or practically white, odorless, crystalline powder. Is stable in
air. Melts at about 270 , with decomposition. Soluble in methanol; slightly soluble in ether and
in chloroform; insoluble in water.
Fluocinonide: White to cream-colored, crystalline powder, having not more than a slight odor.
Sparingly soluble in acetone and in chloroform; slightly soluble in alcohol, in methanol, and in
dioxane; very slightly soluble in ether; practically insoluble in water.
Fluorescein: Yellowish-red to red, odorless powder. Soluble in dilute alkali hydroxides; insoluble
in water.
Fluorescein Sodium: Orange-red, hygroscopic, odorless powder. Freely soluble in water;
sparingly soluble in alcohol.
Fluorescein Sodium Ophthalmic Strip: Each Strip is a dry, white piece of paper, one end of
which is rounded and is uniformly orange-red in color because of the fluorescein sodium
impregnated in the paper.
Fluorometholone: White to yellowish-white, odorless, crystalline powder. Melts at about 280 ,
with some decomposition. Slightly soluble in alcohol; very slightly soluble in chloroform and in
ether; practically insoluble in water.
Fluorouracil: White to practically white, practically odorless, crystalline powder. Decomposes
at about 282 . Sparingly soluble in water; slightly soluble in alcohol; practically insoluble in
chloroform and in ether.
Fluoxetine Hydrochloride: White to off-white crystalline powder. Freely soluble in alcohol and
in methanol; sparingly soluble in water and in dichloromethane; practically insoluble in ether.
Fluoxymesterone: White or practically white, odorless, crystalline powder. Melts at about 240
, with some decomposition. Sparingly soluble in alcohol; slightly soluble in chloroform;
practically insoluble in water.
Fluphenazine Enanthate: Pale yellow to yellow-orange, clear to slightly turbid, viscous liquid,
having a characteristic odor. Is unstable in strong light, but stable to air at room temperature.
Freely soluble in alcohol, in chloroform, and in ether; insoluble in water.
Fluphenazine Hydrochloride: White or nearly white, odorless, crystalline powder. Melts,
within a range of 5 , at a temperature above 225 . Freely soluble in water; slightly soluble in
acetone, in alcohol, and in chloroform; practically insoluble in benzene and in ether.
Flurandrenolide: White to off-white, fluffy, crystalline powder. Is odorless. Freely soluble in
chloroform; soluble in methanol; sparingly soluble in alcohol; practically insoluble in water and in
ether.
Flurazepam Hydrochloride: Off-white to yellow, crystalline powder. Is odorless, or has a
slight odor, and its solutions are acid to litmus. Melts at about 212 , with decomposition. Freely
soluble in water and in alcohol; slightly soluble in isopropyl alcohol and in chloroform.
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Flurbiprofen: White, crystalline powder. Freely soluble in acetone, in dehydrated alcohol, in
ether, and in methanol; soluble in acetonitrile; practically insoluble in water. Optically inactive
(1 in 50 solution in dehydrated alcohol).
Flutamide: Pale yellow, crystalline powder. Freely soluble in acetone, in ethyl acetate, and in
methanol; soluble in chloroform and in ether; practically insoluble in mineral oil, in petroleum
ether, and in water.
Fluticasone Propionate (micronized): Fine, white powder.
Fluvastatin Sodium: White to pale yellow, brownish-pale yellow, or reddish-pale yellow,
hygroscopic powder. Soluble in alcohol, in methanol, and in water.
Fluvoxamine Maleate: White to off-white, crystalline powder. Freely soluble in alcohol and in
chloroform; sparingly soluble in water; and practically insoluble in diethyl ether.
Folic Acid: Yellow, yellow-brownish, or yellowish-orange, odorless, crystalline powder. It readily
dissolves in dilute solutions of alkali hydroxides and carbonates. Soluble in hot, 3 N hydrochloric
acid, in hot, 2 N sulfuric acid, in hydrochloric acid, and in sulfuric acid, yielding very pale yellow
solutions; very slightly soluble in water; insoluble in alcohol, in acetone, in chloroform, and in
ether.
Folic Acid Injection: Clear, yellow to orange-yellow, alkaline liquid.
Formaldehyde Solution: Clear, colorless or practically colorless liquid, having a pungent odor.
The vapor from it irritates the mucous membrane of the throat and nose. On long standing,
especially in the cold, it may become cloudy because of the separation of paraformaldehyde.
This cloudiness disappears when the solution is warmed. Miscible with water and with alcohol.
Formoterol Fumarate Dihydrate: White or almost white or slightly yellow powder. Freely
soluble in dimethyl sulfoxide and in acetic acid; soluble in methanol; slightly soluble in water and
in 2-propanol; practically insoluble in acetonitrile and in diethyl ether.
Foscarnet Sodium: White to almost white, crystalline powder. Soluble in water; practically
insoluble in alcohol.
Fosphenytoin Sodium: White to pale yellow solid. Freely soluble in water.
Change to read:
Fructose: Colorless crystals or as a white, crystalline powder. Is odorless, and has a sweet
taste. Freely soluble in water; soluble in alcohol and in methanol. NF category: Sweetening
agent; tablet and/or capsule diluent;
diluent; flavors and fragrance. 2S (USP36)
Basic Fuchsin: Dark green powder or greenish glistening crystalline fragments, having a
bronze-like luster and not more than a faint odor. Soluble in water, in alcohol, and in amyl
alcohol; insoluble in ether.
Fulvestrant: White powder. Freely soluble in alcohol.
Change to read:
Fumaric Acid: White, odorless granules or crystalline powder. Soluble in alcohol; slightly soluble
in water and in ether; very slightly soluble in chloroform. NF category: Acidifying agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent); flavors and fragrance;
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2S (NF31)

Furazolidone: Yellow, odorless, crystalline powder. Is tasteless at first, then a bitter
aftertaste develops. Practically insoluble in water, in alcohol, and in carbon tetrachloride.
Furosemide: White to slightly yellow, odorless, crystalline powder. Freely soluble in acetone, in
dimethylformamide, and in solutions of alkali hydroxides; soluble in methanol; sparingly soluble in
alcohol; slightly soluble in ether; very slightly soluble in chloroform; practically insoluble in
water.
Furosemide Injection: Clear, colorless solution.
Gabapentin: White to off-white, crystalline solid. Freely soluble in water and in alkaline and
acidic solutions.
Gadodiamide: White, odorless powder. Freely soluble in water and in methanol; soluble in ethyl
alcohol; slightly soluble in acetone and in chloroform.
Gadoteridol: White to off-white, crystalline, odorless powder. Freely soluble in water and in
methyl alcohol; soluble in isopropyl alcohol. Melts at about 300 .
Gadoversetamide: White, odorless powder. Freely soluble in water.
Change to read:
Galactose: A white, crystalline or finely granulated powder. Soluble in water; very slightly
soluble in alcohol. NF category: Sweetening agent;
chelating and/or complexing agent. 2S (NF31)
Galantamine Hydrobromide: White to almost white powder. Soluble in 0.1 N sodium
hydroxide; sparingly soluble in water; very slightly soluble in alcohol; insoluble in n-propanol.
Gallamine Triethiodide: White, odorless, amorphous powder. Is hygroscopic. Very soluble in
water; sparingly soluble in alcohol; very slightly soluble in chloroform.
Change to read:
Gamma Cyclodextrin: White or almost white, amorphous or crystalline powder. Freely soluble
in water and in propylene glycol; very slightly soluble in alcohol. NF category: Sequestering
agent; emulsifying and/or solubilizing agent;
chelating and/or complexing agent. 2S (NF31)
Ganciclovir: White to off-white, crystalline powder.
Ganciclovir for Injection: White to off-white powder. Soluble in water.
Petrolatum Gauze: The petrolatum recovered by draining in the Assay is a white or faintly
yellowish, unctuous mass, transparent in thin layers even after cooling to 0 .
Change to read:
Gelatin: Sheets, flakes, or shreds, or coarse to fine powder. Is faintly yellow or amber in color,
the color varying in depth according to the particle size. Has a slight, characteristic bouillonlike odor in solution. Is stable in air when dry, but is subject to microbic decomposition when
moist or in solution. Gelatin has any suitable strength that is designated by Bloom Gelometer
number (see Gel Strength of Gelatin 1081 ). Type A Gelatin exhibits an isoelectric point
between pH 7 and pH 9, and Type B Gelatin exhibits an isoelectric point between pH 4.7 and pH
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5.2. Soluble in hot water, in 6 N acetic acid, and in a hot mixture of glycerin and water;
insoluble in cold water, but swells and softens when immersed in it, gradually absorbing from 5
to 10 times its own weight of water, in alcohol, in chloroform, in ether, and in fixed and volatile
oils. NF category: Coating agent; suspending and/or viscosity-increasing agent; tablet binder
wet binder; capsule shell; colloid stabilizing agent; film-forming agent. 2S (NF31)
Absorbable Gelatin Film: Light amber, transparent, pliable film which becomes rubbery when
moistened. Insoluble in water.
Absorbable Gelatin Sponge: Light, nearly white, nonelastic, tough, porous, hydrophilic solid.
Insoluble in water.
Gellan Gum: Off-white powder. Soluble in hot or in cold deionized water. NF category:
Suspending and/or viscosity-increasing agent.
Gemcitabine Hydrochloride: White to off-white solid. Soluble in water; slightly soluble in
methanol; practically insoluble in alcohol and in polar organic solvents.
Gemfibrozil: White, waxy, crystalline solid. Soluble in alcohol, in methanol, and in chloroform;
practically insoluble in water.
Gentamicin Sulfate: White to buff powder. Freely soluble in water; insoluble in alcohol, in
acetone, in chloroform, in ether, and in benzene.
Gentamicin Injection: Clear, slightly yellow solution, having a faint odor.
Gentian Violet: Dark green powder or greenish, glistening pieces having a metallic luster, and
having not more than a faint odor. Soluble in alcohol, in glycerin, and in chloroform; sparingly
soluble in water; insoluble in ether.
Gentian Violet Cream: Dark purple, water-washable cream.
Gentian Violet Topical Solution: Purple liquid, having a slight odor of alcohol. A dilution (1 in
100), viewed downward through 1 cm of depth, is deep purple in color.
Powdered Asian Ginseng Extract: Pale yellow-brown, hygroscopic, powdery or easily
pulverizable mass. Soluble in water, forming a slightly cloudy solution.
Change to read:
Glaze, Pharmaceutical: Denatured alcohol solution. NF category: Coating agent;
film-forming agent. 2S (NF31)
Glimepiride: White to almost white powder. Soluble in dimethylformamide; sparingly soluble in
methylene chloride; slightly soluble in methanol; practically insoluble in water.
Glipizide: White to off-white powder. Freely soluble in dimethylformamide; soluble in 0.1 N
sodium hydroxide; slightly soluble in methylene chloride.
Immune Globulin: Transparent or slightly opalescent liquid, either colorless or of a brownish
color due to denatured hemoglobin. Is practically odorless. May develop a slight, granular
deposit during storage.
Rh0(D) Immune Globulin: Transparent or slightly opalescent liquid. Is practically colorless and
odorless. May develop a slight, granular deposit during storage.
Glucagon: Fine, white or faintly colored, crystalline powder. Is practically odorless and
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tasteless. Soluble in dilute alkali and acid solutions; insoluble in most organic solvents.
Glucagon for Injection: White, odorless powder.
Gluconolactone: Fine, white, practically odorless, crystalline powder. Melts at about 153 ,
with decomposition. Freely soluble in water; sparingly soluble in alcohol; insoluble in ether.
Change to read:
Liquid Glucose: Colorless or yellowish, thick, syrupy liquid. Odorless or nearly odorless, and has
a sweet taste. Sparingly soluble in alcohol. Miscible with water. NF category: Tablet binder
Wet binder; coating agent; sweetening agent. 2S (NF31)
Change to read:
l-Glutamic Acid Hydrochloride: A white, crystalline powder. 1 g dissolves in about 3 mL of
water. It is almost insoluble in alcohol and in ether. Its solutions are acid to litmus. NF
category: Flavors and Perfumes
Flavors and fragrance. 2S (NF31)
Glutamine: White crystals or crystalline powder. Soluble in water; practically insoluble in
alcohol and in ether.
Glutaral Concentrate: Clear, colorless or faintly yellow liquid, having a characteristic, irritating
odor.
Change to read:
Glycerin: Clear, colorless, syrupy liquid, having a sweet taste. Has not more than a slight
characteristic odor, which is neither harsh nor disagreeable. Is hygroscopic. Its solutions are
neutral to litmus. Insoluble in chloroform, in ether, and in fixed and volatile oils. Miscible with
water and with alcohol. NF category: Humectant; plasticizer; solvent; tonicity agent;
antimicrobial preservative; emollient; sweetening agent. 2S (NF31)
Change to read:
Glyceryl Behenate: Fine powder, having a faint odor. Melts at about 70 . Soluble in
chloroform; practically insoluble in water and in alcohol.
NF category: Lubricant; coating agent; suspending and/or viscosity-increasing agent; wet
binder. 2S (NF31)
Change to read:
Glyceryl Distearate: Hard, waxy mass or powder or white or almost white flakes. Soluble in
methylene chloride and in tetrahydrofuran; slightly soluble in hot alcohol; insoluble in water. NF
category: Emulsifying and/or solubilizing
2S (NF31)

agent.
Change to read:
Glyceryl Monolinoleate: Amber, oily liquids that may be partially solidified at room
temperature. Freely soluble in methylene chloride; soluble in tetrahydrofuran; practically
insoluble in water. NF category: Emulsifying and/or solubilizing
2S (NF31)

agent.
Change to read:
Glyceryl Monooleate: Amber, oily liquids that may be partially solidified at room temperature.
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Freely soluble in methylene chloride; soluble in tetrahydrofuran; practically insoluble in water.
NF category: Emulsifying and/or solubilizing agent;
Emulsifying agent; emollient; release-modifying agent. 2S (NF31)
Change to read:
Glyceryl Monostearate: White to yellowish wax-like solid; or white to yellowish wax-like
beads, flakes, or powder. Slight, agreeable, fatty odor and taste. Is affected by light. Dissolves
in hot organic solvents such as alcohol, minerals or fixed oils, benzene, ether, and acetone.
Insoluble in water, but it may be dispersed in hot water with the aid of a small amount of soap
or other suitable surface-active agent. NF category: Emulsifying and/or solubilizing agent;
Emulsifying agent; emollient; release-modifying agent; lubricant. 2S (NF31)
Add the following:
Glyceryl Tristearate: White, solid, microcrystalline powder. Soluble in hot alcohol, in acetone,
and in chloroform; very slightly soluble in cold alcohol, in ether, and in petroleum ether;
insoluble in water. NF category: Lubricant; Emulsifying agent. NF31
Change to read:
Glycine: White, odorless, crystalline powder, having a sweetish taste. Its solutions are acid to
litmus. Freely soluble in water; very slightly soluble in alcohol and in ether.
NF category: Bulking agent; disintegrant; wetting and/or solubilizing agent; pH modifier
(acidifying agent/ alkalizing agent/ buffering agent). 2S (USP36)
Glycopyrrolate: White, odorless, crystalline powder. Soluble in water and in alcohol; practically
insoluble in chloroform and in ether.
Gonadorelin Acetate: White to slightly yellowish powder. Soluble in water; sparingly soluble in
methanol.
Chorionic Gonadotropin: White or practically white, amorphous powder. Freely soluble in
water.
Chorionic Gonadotropin for Injection: White or practically white, amorphous solid having the
characteristic appearance of substances prepared by freeze-drying.
Gramicidin: White or practically white, odorless, crystalline powder. Soluble in alcohol;
insoluble in water.
Granisetron Hydrochloride: White or almost white powder. Freely soluble in water; sparingly
soluble in methylene chloride; slightly soluble in methanol.
Green Soap: Soft, unctuous, yellowish-white to brownish or greenish yellow, transparent to
translucent mass. Has a slight, characteristic odor, often suggesting the oil from which it was
prepared. Its solution (1 in 20) is alkaline to bromothymol blue TS.
Griseofulvin: White to creamy white, odorless powder, in which particles of the order of 4 µm
in diameter predominate. Soluble in acetone, in dimethylformamide, and in chloroform; sparingly
soluble in alcohol; very slightly soluble in water.
Guaifenesin: White to slightly gray, crystalline powder. May have a slight characteristic odor.
Soluble in water, in alcohol, in chloroform, and in propylene glycol; sparingly soluble in glycerin.
Guanabenz Acetate: White or almost white powder having not more than a slight odor.
Soluble in alcohol and in propylene glycol; sparingly soluble in water and in 0.1 N hydrochloric
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acid.
Guanadrel Sulfate: White to off-white, crystalline powder. Melts at about 235 , with
decomposition. Soluble in water; sparingly soluble in methanol; slightly soluble in alcohol and in
acetone.
Guanethidine Monosulfate: White to off-white, crystalline powder. Very soluble in water;
sparingly soluble in alcohol; practically insoluble in chloroform.
Change to read:
Guar Gum: White to yellowish-white, practically odorless powder. Dispersible in hot or cold
water, forming a colloidal solution. NF category: Suspending and/or viscosity-increasing agent;
tablet binder
wet binder; polymers for ophthalmic use; release-modifying agent; disintegrant. 2S (NF31)
Gutta Percha: Lumps or blocks of variable size; externally brown or grayish-brown to grayishwhite in color; internally reddish yellow or reddish gray and having a laminated or fibrous
appearance. Is flexible but only slightly elastic. Has a slight, characteristic odor and a slight
taste. Soluble in chloroform; partly soluble in benzene, in carbon disulfide, and in turpentine oil;
insoluble in water.
Halazone: White, crystalline powder, having a characteristic chlorine-like odor. Is affected by
light. Melts at about 194 , with decomposition. Soluble in glacial acetic acid; very slightly
soluble in water and in chloroform. Dissolves in solutions of alkali hydroxides and carbonates
with the formation of a salt.
Halazone Tablets for Solution: Soluble in water.
Halcinonide: White to off-white, odorless, crystalline powder. Soluble in acetone and in
chloroform; slightly soluble in alcohol and in ethyl ether; insoluble in water and in hexanes.
Halobetasol Propionate: White to off-white powder. Freely soluble in dichloromethane and in
acetone; practically insoluble in water.
Haloperidol: White to faintly yellowish, amorphous or microcrystalline powder. Its saturated
solution is neutral to litmus. Soluble in chloroform; sparingly soluble in alcohol; slightly soluble in
ether; practically insoluble in water.
Haloperidol Decanoate: A white or almost white powder. Very soluble in alcohol, in methanol,
and in methylene chloride; practically insoluble in water.
Halothane: Colorless, mobile, nonflammable, heavy liquid, having a characteristic odor
resembling that of chloroform. Its taste is sweet and produces a burning sensation. Slightly
soluble in water. Miscible with alcohol, with chloroform, with ether, and with fixed oils.
Helium: Colorless, odorless, tasteless gas, which is not combustible and does not support
combustion. Very slightly soluble in water. At 0 and at a pressure of 760 mm of mercury, 1000
mL of the gas weighs about 180 mg.
Heparin Sodium: White or pale-colored, amorphous powder. Is odorless or practically so, and
is hygroscopic. Soluble in water.
Hexachlorophene: White to light tan, crystalline powder. Is odorless or has only a slight,
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phenolic odor. Freely soluble in acetone, in alcohol, and in ether; soluble in chloroform and in
dilute solutions of fixed alkali hydroxides; insoluble in water.
Hexachlorophene Liquid Soap: Clear, amber-colored liquid, having a slight, characteristic
odor. Its solution (1 in 20) is clear and has an alkaline reaction.
Hexylene Glycol: Clear, colorless, viscous liquid. Absorbs moisture when exposed to moist air.
Miscible with water and with many organic solvents, including alcohol, ether, chloroform,
acetone, and hexanes. NF category: Humectant; solvent.
Histamine Phosphate: Colorless, odorless, long prismatic crystals. Is stable in air but is
affected by light. Its solutions are acid to litmus. Freely soluble in water.
Histidine: White, odorless crystals, having a slightly bitter taste. Soluble in water; very slightly
soluble in alcohol; insoluble in ether.
Histoplasmin: Clear, red liquid. Miscible with water.
Homatropine Hydrobromide: White crystals, or white, crystalline powder. Slowly darkens on
exposure to light. Freely soluble in water; sparingly soluble in alcohol; slightly soluble in
chloroform; insoluble in ether. Melts between 214 and 217 , with slight decomposition.
Homatropine Methylbromide: White, odorless powder. Slowly darkens on exposure to light.
Melts at about 190 . Very soluble in water; freely soluble in alcohol and in acetone containing
about 20% of water; practically insoluble in ether and in acetone.
Hydralazine Hydrochloride: White to off-white, odorless, crystalline powder. Melts at about
275 , with decomposition. Soluble in water; slightly soluble in alcohol; very slightly soluble in
ether.
Change to read:
Hydrochloric Acid: Colorless, fuming liquid having a pungent odor. It ceases to fume when it is
diluted with 2 volumes of water. Specific gravity is about 1.18. NF category: Acidifying agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Change to read:
Diluted Hydrochloric Acid: Colorless, odorless liquid. Specific gravity is about 1.05. NF
category: Acidifying agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Hydrochlorothiazide: White, or practically white, practically odorless, crystalline powder.
Freely soluble in sodium hydroxide solution, in n-butylamine, and in dimethylformamide; very
slightly soluble in water; sparingly soluble in methanol; insoluble in ether, in chloroform, and in
dilute mineral acids.
Hydrocodone Bitartrate: Fine, white crystals or a crystalline powder. Is affected by light.
Soluble in water; slightly soluble in alcohol; insoluble in ether and in chloroform.
Hydrocortisone: White to practically white, odorless, crystalline powder. Melts at about 215 ,
with decomposition. Sparingly soluble in acetone and in alcohol; slightly soluble in chloroform;
very slightly soluble in water and in ether.
Hydrocortisone Acetate: White to practically white, odorless, crystalline powder. Melts at
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about 200 , with decomposition. Slightly soluble in alcohol and in chloroform; insoluble in water.
Hydrocortisone Butyrate: White to practically white, practically odorless, crystalline powder.
Freely soluble in chloroform; soluble in methanol, in alcohol, and in acetone; slightly soluble in
ether; practically insoluble in water.
Hydrocortisone Sodium Phosphate: White to light yellow, odorless or practically odorless,
powder. Is exceedingly hygroscopic. Freely soluble in water; slightly soluble in alcohol;
practically insoluble in chloroform, in dioxane, and in ether.
Hydrocortisone Sodium Succinate: White or nearly white, odorless, hygroscopic, amorphous
solid. Very soluble in water and in alcohol; very slightly soluble in acetone; insoluble in
chloroform.
Hydroflumethiazide: White to cream-colored, finely divided, odorless, crystalline powder.
Freely soluble in acetone; soluble in alcohol; very slightly soluble in water.
Hydrogen Peroxide Concentrate: Clear, colorless liquid. Is acid to litmus. Slowly decomposes,
and is affected by light.
Hydrogen Peroxide Solution: Clear, colorless liquid, odorless, or having an odor resembling
that of ozone. Is acid to litmus and to the taste and produces a froth in the mouth. Rapidly
decomposes when in contact with many oxidizing as well as reducing substances. When rapidly
heated, it may decompose suddenly. Is affected by light. Specific gravity is about 1.01.
Hydromorphone Hydrochloride: Fine, white or practically white, odorless, crystalline powder.
Is affected by light. Freely soluble in water; sparingly soluble in alcohol; practically insoluble in
ether.
Hydroquinone: Fine white needles. Darkens upon exposure to light and air. Freely soluble in
water, in alcohol, and in ether.
Hydroxocobalamin: Dark red crystals or red crystalline powder. Is odorless, or has not more
than a slight acetone odor. The anhydrous form is very hygroscopic. Sparingly soluble in water,
in alcohol, and in methanol; practically insoluble in acetone, in ether, in chloroform, and in
benzene.
Hydroxyamphetamine Hydrobromide: White, crystalline powder. Its solutions are slightly
acid to litmus, having a pH of about 5. Freely soluble in water and in alcohol; slightly soluble in
chloroform; practically insoluble in ether.
Hydroxychloroquine Sulfate: White or practically white, crystalline powder. Is odorless, and
has a bitter taste. Its solutions have a pH of about 4.5. Exists in two forms, the usual form
melting at about 240 and the other form melting at about 198 . Freely soluble in water;
practically insoluble in alcohol, in chloroform, and in ether.
Change to read:
Hydroxyethyl Cellulose: White to light tan, practically odorless and tasteless, hygroscopic
powder. Soluble in hot water and in cold water, giving a colloidal solution; practically insoluble
in alcohol and in most organic solvents. NF category: Suspending and/or viscosity-increasing
agent;
coating agent; film-forming agent; polymers for ophthalmic use; wet binder. 2S (NF31)
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Hydroxyprogesterone Caproate: White or creamy white, crystalline powder. Is odorless or
has a slight odor. Soluble in ether; slightly soluble in benzene; insoluble in water.
Change to read:
Hydroxypropyl Betadex: White or almost white, amorphous or crystalline powder. Freely
soluble in water and in propylene glycol. NF category: Sequestering agent;
chelating and/or complexing agent; release-modifying agent. 2S (NF31)
Change to read:
Hydroxypropyl Cellulose: White to cream-colored, practically odorless and tasteless, granular
solid or powder. Is hygroscopic after drying. Soluble in cold water, in alcohol, in chloroform, and
in propylene glycol, giving a colloidal solution; insoluble in hot water. NF category: Coating
agent; suspending and/or viscosity-increasing agent;
emulsifying agent; film-forming agent; release-modifying agent; wet binder. 2S (NF31)
Change to read:
Low-Substituted Hydroxypropyl Cellulose: White to yellowish-white, practically odorless
and tasteless, fibrous or granular powder. Is hygroscopic. Practically insoluble in alcohol and in
ether. Dissolves in a solution of sodium hydroxide (1 in 10), and produces a viscous solution.
Swells in water, in sodium carbonate TS, and in 2 N hydrochloric acid. The pH of the
suspension, obtained by shaking 1.0 g with 100 mL of water, is between 5.0 and 7.5. NF
category: Tablet binder; tablet disintegrant
Disintegrant; wet binder. 2S (NF31)
Hydroxyurea: White to off-white powder. Is somewhat hygroscopic, decomposing in the
presence of moisture. Melts at a temperature exceeding 133 , with decomposition. Freely
soluble in water and in hot alcohol.
Hydroxyzine Hydrochloride: White, odorless powder. Melts at about 200 , with
decomposition. Very soluble in water; soluble in chloroform; slightly soluble in acetone;
practically insoluble in ether.
Hydroxyzine Pamoate: Light yellow, practically odorless powder. Freely soluble in
dimethylformamide; practically insoluble in water and in methanol.
Hymetellose: A white, yellowish-white or grayish-white powder or granules. Hygroscopic after
drying. Dissolves in cold water, giving a colloidal solution. Insoluble in hot water, in acetone, in
alcohol, in ether, and in toluene.
Hyoscyamine: White, crystalline powder. Is affected by light. Its solutions are alkaline to
litmus. Freely soluble in alcohol, in chloroform, and in dilute acids; sparingly soluble in ether;
slightly soluble in water and in benzene.
Hyoscyamine Hydrobromide: White, odorless crystals or crystalline powder. The pH of a
solution (1 in 20) is about 5.4. Is affected by light. Freely soluble in water, in alcohol, and in
chloroform; very slightly soluble in ether.
Hyoscyamine Sulfate: White or almost white, crystalline powder or colorless needles. Is
deliquescent and is affected by light. The pH of a solution (1 in 100) is about 5.3. Very soluble
in water; freely soluble in alcohol; practically insoluble in ether. Melts at a temperature not less
than 200 .
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Hypophosphorous Acid: Colorless or slightly yellow, odorless liquid. Specific gravity is about
1.13. NF category: Antioxidant.
Change to read:
Hypromellose: White to slightly off-white, fibrous or granular powder. Swells in water and
produces a clear to opalescent, viscous, colloidal mixture. Insoluble in dehydrated alcohol, in
ether, and in chloroform. NF category: Coating agent; suspending and/or viscosity-increasing
agent; tablet binder
wet binder; polymers for ophthalmic use; capsule shell; emulsifying agent; film-forming agent;
release-modifying agent. 2S (USP36)
Hypromellose 2208: White to slightly off-white, fibrous or granular powder. Swells in water
and produces a clear to opalescent, viscous, colloidal mixture. Insoluble in dehydrated alcohol,
in ether, and in chloroform. NF category: Coating agent; suspending and/or viscosity-increasing
agent; tablet binder.
Hypromellose 2906: White to slightly off-white, fibrous or granular powder. Swells in water
and produces a clear to opalescent, viscous, colloidal mixture. Insoluble in dehydrated alcohol,
in ether, and in chloroform. NF category: Coating agent; suspending and/or viscosity-increasing
agent; tablet binder.
Hypromellose 2910: White to slightly off-white, fibrous or granular powder. Swells in water
and produces a clear to opalescent, viscous, colloidal mixture. Insoluble in dehydrated alcohol,
in ether, and in chloroform. NF category: Coating agent; suspending and/or viscosity-increasing
agent; tablet binder.
Change to read:
Hypromellose Acetate Succinate: White to yellowish-white powder or pills. Odorless, or has
a faint, acetic acid-like odor, and tasteless. Practically insoluble in water, in dehydrated
alcohol, in xylene, and in hexane. On the addition of a mixture of dehydrated alcohol and
dichloromethane (1:1) or acetone, a clear or turbid viscous liquid is produced. Dissolves in 1 N
sodium hydroxide. Slightly hygroscopic. NF category: Coating agent; tablet binder
wet binder; film-forming agent. 2S (NF31)
Change to read:
Hypromellose Phthalate: White powder or granules. Is odorless and tasteless. Practically
insoluble in water, in dehydrated alcohol, and in hexane. Produces a viscous solution in a
mixture of methanol and dichloromethane (1:1), or in a mixture of dehydrated alcohol and
acetone (1:1). Dissolves in 1 N sodium hydroxide. NF category: Coating agent;
film-forming agent. 2S (NF31)
Ibuprofen: White to off-white, crystalline powder, having a slight, characteristic odor. Very
soluble in alcohol, in methanol, in acetone, and in chloroform; slightly soluble in ethyl acetate;
practically insoluble in water.
Ichthammol: Reddish-brown to brownish-black, viscous fluid, having a strong, characteristic,
empyreumatic odor. Miscible with water, with glycerin, and with fixed oils and fats. Partially
soluble in alcohol and in ether.
Idarubicin Hydrochloride: Red-orange to red-brown powder. Soluble in methanol; slightly
soluble in water; insoluble in acetone and in ethyl ether.

PF 38(5): Sep.-Oct. 2012

234

Idoxuridine: White, crystalline, practically odorless powder. Slightly soluble in water and in
alcohol; practically insoluble in chloroform and in ether.
Ifosfamide: White, crystalline powder. Melts at about 40 . Very soluble in alcohol, in ethyl
acetate, in isopropyl alcohol, in methanol, and in methylene chloride; freely soluble in water;
very slightly soluble in hexanes.
Change to read:
Imidurea: White, odorless, tasteless powder. Soluble in water and in glycerin; sparingly soluble
in propylene glycol; insoluble in most organic solvents.
NF category: Antimicrobial preservative. 2S (NF31)
Imipenem: White to tan-colored crystalline powder. Slightly soluble in water and in methanol.
Imipramine Hydrochloride: White to off-white, odorless or practically odorless, crystalline
powder. Freely soluble in water and in alcohol; soluble in acetone; insoluble in ether and in
benzene.
Inamrinone: Pale yellow to tan powder. It is odorless or has a faint odor. Slightly soluble in
methanol; practically insoluble or insoluble in chloroform and in water.
Indapamide: White to off-white, crystalline powder. Melts between 167 and 170 . Soluble in
methanol, in alcohol, in acetonitrile, in glacial acetic acid, and in ethyl acetate; very slightly
soluble in ether and in chloroform; practically insoluble in water.
Indigotindisulfonate Sodium: Dusky, purplish-blue powder, or blue granules having a coppery
luster. Is affected by light. Its solutions have a blue or bluish purple color. Slightly soluble in
water and in alcohol; practically insoluble in most other organic solvents.
Indinavir Sulfate: White or almost white, hygroscopic powder. Freely soluble in water; soluble
in methanol; practically insoluble in heptane.
Indocyanine Green: Olive-brown, dark green, blue-green, dark blue, or black powder. Is
odorless or has a slight odor. Its solutions are deep emerald-green in color. The pH of a solution
(1 in 200) is about 6. Its aqueous solutions are stable for about 8 hours. Soluble in water and in
methanol; practically insoluble in most other organic solvents.
Indomethacin: Pale yellow to yellow-tan, crystalline powder, having not more than a slight
odor. Is sensitive to light. Melts at about 162 . Exhibits polymorphism. Sparingly soluble in
alcohol, in chloroform, and in ether; practically insoluble in water.
Influenza Virus Vaccine: Slightly turbid liquid or suspension, which may have a slight yellow or
reddish tinge and may have an odor because of the preservative.
Change to read:
Inositol: White or almost white, crystalline powder. Very soluble in water; practically insoluble
in alcohol absolute and in ether.
NF category: Humectanct. 2S (NF31)
Insulin: White or practically white crystals. Soluble in solutions of dilute acids and alkalies.
Insulin Injection: The Injection containing, in each mL, not more than 100 USP Units is a
clear, colorless or almost colorless liquid; the Injection containing, in each mL, 500 Units may
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be straw-colored. Contains between 0.1% and 0.25% (w/v) of either phenol or cresol. Contains
between 1.4% and 1.8% (w/v) of glycerin.
Insulin Lispro: White or practically white crystals. Soluble in solutions of dilute acids and
alkalies.
Isophane Insulin Suspension: White suspension of rod-shaped crystals, free from large
aggregates of crystals following moderate agitation. Contains either (1) between 1.4% and
1.8% (w/v) of glycerin, between 0.15% and 0.17% (w/v) of metacresol, and between 0.06%
and 0.07% (w/v) of phenol; or (2) between 1.4% and 1.8% (w/v) of glycerin and between
0.20% and 0.25% (w/v) of phenol. Contains between 0.15% and 0.25% (w/v) of dibasic sodium
phosphate. When examined microscopically, the insoluble matter in the Suspension is
crystalline, and contains not more than traces of amorphous material.
Insulin Zinc Suspension: Practically colorless suspension of a mixture of characteristic
crystals predominantly between 10 and 40 µm in maximum dimension and many particles that
have no uniform shape and do not exceed 2 µm in maximum dimension. Contains between
0.15% and 0.17% (w/v) of sodium acetate, between 0.65% and 0.75% (w/v) of sodium
chloride, and between 0.09% and 0.11% (w/v) of methylparaben.
Extended Insulin Zinc Suspension: Practically colorless suspension of a mixture of
characteristic crystals the maximum dimension of which is predominantly between 10 and 40
µm. Contains between 0.15% and 0.17% (w/v) of sodium acetate, between 0.65% and 0.75%
(w/v) of sodium chloride, and between 0.09% and 0.11% (w/v) of methylparaben.
Prompt Insulin Zinc Suspension: Practically colorless suspension of particles that have no
uniform shape and the maximum dimension of which does not exceed 2 µm. Contains between
0.15% and 0.17% (w/v) of sodium acetate, between 0.65% and 0.75% (w/v) of sodium
chloride, and between 0.09% and 0.11% (w/v) of methylparaben.
Change to read:
Inulin: White, friable, chalk-like, amorphous, odorless, tasteless powder. Soluble in hot water;
slightly soluble in cold water and in organic solvents.
NF category: Sweetening agent; wet binder. 2S (USP36)
Iodine: Heavy, grayish-black plates or granules, having a metallic luster and a characteristic
odor. Freely soluble in carbon disulfide, in chloroform, in carbon tetrachloride, and in ether;
soluble in alcohol and in solutions of iodides; sparingly soluble in glycerin; very slightly soluble in
water.
Iodine Topical Solution: Transparent, reddish-brown liquid, having the odor of iodine.
Strong Iodine Solution: Transparent liquid having a deep brown color and having the odor of
iodine.
Iodine Tincture: Transparent liquid having a reddish-brown color and the odor of iodine and of
alcohol.
Sodium Iodide I 123 Capsules: Capsules may contain a small amount of solid or solids, or may
appear empty.
Sodium Iodide I 123 Solution: Clear, colorless solution. Upon standing, both the Solution and
the glass container may darken as a result of the effects of the radiation.
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Iodinated I 125 Albumin Injection: Clear, colorless to slightly yellow solution. Upon standing,
both the Albumin and the glass container may darken as a result of the effects of the radiation.
Iodinated I 131 Albumin Injection: Clear, colorless to slightly yellow solution. Upon standing,
both the Albumin and the glass container may darken as a result of the effects of the radiation.
Iodinated I 131 Albumin Aggregated Injection: Dilute suspension of white to faintly yellow
particles, which may settle on standing. The glass container may darken on standing, as a
result of the effects of the radiation.
Sodium Rose Bengal I 131 Injection: Clear, deep-red solution.
Iodohippurate Sodium I 131 Injection: Clear, colorless solution. Upon standing, both the
Injection and the glass container may darken as a result of the effects of the radiation.
Sodium Iodide I 131 Capsules: May contain a small amount of solid or solids, or may appear
empty.
Sodium Iodide I 131 Solution: Clear, colorless solution. Upon standing, both the Solution and
the glass container may darken as a result of the effects of the radiation.
Iodipamide: White, practically odorless, crystalline powder. Slightly soluble in alcohol; very
slightly soluble in water, in chloroform, and in ether.
Iodipamide Meglumine Injection: Clear, colorless to pale yellow, slightly viscous liquid.
Iodixanol: White to off-white, amorphous, odorless, hygroscopic powder. Freely soluble in
water.
Iodoform: Lustrous greenish yellow powder, or lustrous crystals. It is slightly volatile even at
ordinary temperatures, and distills slowly with steam. Freely soluble in ether and in chloroform;
soluble in boiling alcohol; sparingly soluble in alcohol, in glycerin, and in olive oil; practically
insoluble in water. Melts to a brown liquid at about 115 , and decomposes at a higher
temperature, emitting vapors of iodine.
Iodoquinol: Light yellowish to tan, microcrystalline powder not readily wetted by water. Is
odorless or has a faint odor; is stable in air. Melts with decomposition. Sparingly soluble in
alcohol and in ether; practically insoluble in water.
Iohexol: White to off-white, hygroscopic, odorless powder. Very soluble in water and in
methanol; practically insoluble or insoluble in ether and in chloroform.
Iohexol Injection: Clear, colorless to pale yellow liquid.
Iopamidol: Practically odorless, white to off-white powder. Very soluble in water; sparingly
soluble in methanol; practically insoluble in alcohol and in chloroform.
Iopanoic Acid: Cream-colored powder. Is tasteless or practically so, and has a faint,
characteristic odor. Is affected by light. Soluble in alcohol, in chloroform, and in ether, and in
solutions of alkali hydroxides and carbonates; insoluble in water.
Iophendylate: Colorless to pale yellow, viscous liquid, the color darkening on long exposure to
air. Is odorless or has a faintly ethereal odor. Freely soluble in alcohol, in benzene, in
chloroform, and in ether; very slightly soluble in water.
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Iophendylate Injection: Colorless to pale yellow, viscous liquid, the color darkening on long
exposure to air. Is odorless or has a faintly ethereal odor. Freely soluble in alcohol, in benzene,
in chloroform, and in ether; very slightly soluble in water.
Iopromide: White to slightly yellow powder. Freely soluble in water and in dimethyl sulfoxide;
practically insoluble in alcohol, in acetone, and in ether.
Iothalamate Meglumine Injection: Clear, colorless to pale yellow, slightly viscous liquid.
Iothalamate Meglumine and Iothalamate Sodium Injection: Clear, colorless to pale yellow,
slightly viscous liquid.
Iothalamate Sodium Injection: Clear, colorless to pale yellow, slightly viscous liquid.
Iothalamic Acid: White, odorless powder. Soluble in solutions of alkali hydroxides; slightly
soluble in water and in alcohol.
Ioxilan: White to off-white, practically odorless powder. Soluble in water and in methanol.
Ioxilan Injection: Clear, colorless to pale yellow liquid.
Powdered Ipecac: Pale brown, weak yellow, or light olive-gray powder.
Ipodate Sodium: White to off-white, odorless, fine, crystalline powder. Freely soluble in water,
in alcohol, and in methanol; very slightly soluble in chloroform.
Ipratropium Bromide: White to off-white, crystalline powder. Freely soluble in methanol;
soluble in water; slightly soluble in alcohol.
Irbesartan: White to off-white, crystalline powder. Slightly soluble in alcohol and in methylene
chloride; practically insoluble in water.
Change to read:
Irinotecan Hydrochloride: Pale yellow to yellow crystalline powder. Sparingly soluble in water
and in alcohol; slightly soluble in most organic solvents.
Slightly soluble in water and in organic solvents. 2S (USP36)
Iron Dextran Injection: Dark brown, slightly viscous liquid.
Iron Sorbitex Injection: Clear liquid, having a dark brown color.
Change to read:
Isobutane: Colorless, flammable gas (boiling temperature is about

11 ). Vapor pressure at 21

is about 2950 mm of mercury (31 psig). NF category: Aerosol
2S (NF31)

Propellant.
Isoetharine Inhalation Solution: Colorless or slightly yellow, slightly acid liquid, gradually
turning dark on exposure to air and light.
Isoetharine Hydrochloride: White to off-white, odorless, crystalline solid. Melts between 196
and 208 , with decomposition. Soluble in water; sparingly soluble in alcohol; practically
insoluble in ether.
Isoetharine Mesylate: White or practically white, odorless crystals having a salty, bitter
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taste. Freely soluble in water; soluble in alcohol; practically insoluble in acetone and in ether.
Isoflurane: Clear, colorless, volatile liquid, having a slight odor. Boils at about 49 . Insoluble in
water. Miscible with common organic solvents and with fats and oils.
Isoflurophate: Clear, colorless or faintly yellow liquid. Its vapor is extremely irritating to the
eye and mucous membranes. Is decomposed by moisture, with the formation of hydrogen
fluoride. Specific gravity is about 1.05. Soluble in alcohol and in vegetable oils; sparingly soluble
in water.
Isoleucine: White, practically odorless crystals, having a slightly bitter taste. Soluble in water;
slightly soluble in hot alcohol; insoluble in ether.
Isometheptene Mucate: White, crystalline powder. Freely soluble in water; soluble in alcohol;
practically insoluble in chloroform and in ether.
Isoniazid: Colorless or white crystals or white, crystalline powder. Is odorless and is slowly
affected by exposure to air and light. Freely soluble in water; sparingly soluble in alcohol;
slightly soluble in chloroform; very slightly soluble in ether.
Isoniazid Injection: Clear, colorless to faintly greenish-yellow liquid. Gradually darkens on
exposure to air and light. Tends to crystallize at low temperatures.
Isopropamide Iodide: White to pale yellow, crystalline powder, having a bitter taste. Freely
soluble in chloroform and in alcohol; sparingly soluble in water; very slightly soluble in benzene
and in ether.
Isopropyl Alcohol: Transparent, colorless, mobile, volatile liquid, having a characteristic odor
and a slightly bitter taste. Is flammable. Miscible with water, with alcohol, with ether, and with
chloroform. NF category: Solvent.
Azeotropic Isopropyl Alcohol: Transparent, colorless, mobile, volatile liquid, having a
characteristic odor and a slightly bitter taste. Is flammable. Miscible with water, with alcohol,
with ether, and with chloroform.
Change to read:
Isopropyl Myristate: Clear, practically colorless, oily liquid. Is practically odorless, and
congeals at about 5 . Freely soluble in 90% alcohol; insoluble in water, in glycerin, and in
propylene glycol. Miscible with most organic solvents and with fixed oils. NF category: Vehicle
(oleaginous);
emollient; solvent. 2S (NF31)
Change to read:
Isopropyl Palmitate: Colorless, mobile liquid having a very slight odor. Soluble in acetone, in
castor oil, in chloroform, in cottonseed oil, in ethyl acetate, in alcohol, and in mineral oil;
insoluble in water, in glycerin, and in propylene glycol. NF category: Vehicle (oleaginous);
emollient; solvent. 2S (NF31)
Isoproterenol Inhalation Solution: Colorless or practically colorless, slightly acid liquid,
gradually turning dark on exposure to air and light.
Isoproterenol Hydrochloride: White to practically white, odorless, crystalline powder, having
a slightly bitter taste. Gradually darkens on exposure to air and light. Its solutions become pink
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to brownish pink on standing exposed to air, doing so almost immediately when rendered
alkaline. Its solution (1 in 100) has a pH of about 5. Freely soluble in water; sparingly soluble in
alcohol and less soluble in dehydrated alcohol; insoluble in chloroform and in ether.
Isoproterenol Hydrochloride Injection: Colorless or practically colorless liquid, gradually
turning dark on exposure to air and light.
Isoproterenol Sulfate: White to practically white, odorless, crystalline powder. It gradually
darkens on exposure to air and light. Its solutions become pink to brownish pink on standing
exposed to air, doing so almost immediately when rendered alkaline. A solution (1 in 100) has a
pH of about 5. Freely soluble in water; very slightly soluble in alcohol, in benzene, and in ether.
Isosorbide Concentrate: Colorless to slightly yellow liquid. Soluble in water and in alcohol.
Diluted Isosorbide Dinitrate: Ivory-white, odorless powder. [Note—Undiluted isosorbide
dinitrate occurs as white, crystalline rosettes.] Undiluted isosorbide dinitrate is very soluble in
acetone; freely soluble in chloroform; sparingly soluble in alcohol; very slightly soluble in water.
Isotretinoin: Yellow crystals. Soluble in chloroform; sparingly soluble in alcohol, in isopropyl
alcohol, and in polyethylene glycol 400; practically insoluble in water.
Isoxsuprine Hydrochloride: White, odorless, crystalline powder, having a bitter taste. Melts
at about 200 , with decomposition. Sparingly soluble in alcohol; slightly soluble in water.
Isradipine: Yellow, fine crystalline powder.
Itraconazole: A white or almost white powder. Freely soluble in methylene chloride; sparingly
soluble in tetrahydrofuran; very slightly soluble in alcohol; practically insoluble in water.
Ivermectin: White to yellowish-white, crystalline powder. Slightly hygroscopic. Freely soluble
in methanol and in methylene chloride; soluble in acetone and in acetonitrile; practically
insoluble in hexane and in water.
Juniper Tar: Dark brown, clear, thick liquid, having a tarry odor and a faintly aromatic, bitter
taste. Sparingly soluble in solvent hexane; very slightly soluble in water. One volume dissolves
in 9 volumes of alcohol. Dissolves in 3 volumes of ether, leaving only a slight, flocculent residue.
Miscible with amyl alcohol, with chloroform, and with glacial acetic acid.
Kanamycin Sulfate: White, odorless, crystalline powder. Freely soluble in water; insoluble in
acetone, in ethyl acetate, and in benzene.
Change to read:
Kaolin: Soft, white or yellowish-white powder or lumps. Has an earthy or clay-like taste and,
when moistened with water, assumes a darker color and develops a marked clay-like odor.
Insoluble in water, in cold dilute acids, and in solutions of alkali hydroxides. NF category: Tablet
and/or capsule diluent
Diluent; suspending and/or viscosity-increasing agent. 2S (USP36)
Ketamine Hydrochloride: White, crystalline powder, having a slight, characteristic odor.
Freely soluble in water and in methanol; soluble in alcohol; sparingly soluble in chloroform.
Ketorolac Tromethamine: White to off-white, crystalline powder. Melts between 165 and
170 , with decomposition. Freely soluble in water and in methanol; slightly soluble in alcohol, in
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dehydrated alcohol, and in tetrahydrofuran; practically insoluble in acetone, in dichloromethane,
in toluene, in ethyl acetate, in dioxane, in hexane, in butyl alcohol, and in acetonitrile.
Labetalol Hydrochloride: White to off-white powder. Melts at about 180 , with
decomposition. Soluble in water and in alcohol; insoluble in ether and in chloroform.
Change to read:
Alpha-Lactalbumin: Free-flowing, slightly hygroscopic light cream-colored powder. Freely
soluble in water; soluble in wide pH ranges; insoluble in methanol, in alcohol, in ether, and in
acetone. NF category: Buffering agent; bulking agent for freeze-drying; coating agent;
complexing agent; emulsifying and/or solubilizing agent; stiffening agent; suspending and/or
viscosity-increasing agent; tablet binder; tablet and/or capsule diluent; vehicle
Bulking agent; coating agent; emulsifying agent; stiffening agent; suspending and/or
viscosity-increasing agent; diluent; wet binder; vehicle (solid carrier); pH modifier (acidifying
agent/ alkalizing agent/ buffering agent); chelating and/or complexing agent. 2S (NF31)
Change to read:
Lactic Acid: Colorless or yellowish, practically odorless, syrupy liquid. Is hygroscopic. When it is
concentrated by boiling, lactic acid lactate is formed. Specific gravity is about 1.20. Insoluble
in chloroform. Miscible with water, with alcohol, and with ether. NF category: Buffering agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (USP36)
Change to read:
Lactitol: A white or light brown, odorless crystal. Has a mild, sweet taste, and no aftertaste.
NF category: Flavors and perfumes; tablet and/or capsule diluent
Flavors and fragrance; diluent; sweetening agent. 2S (NF31)
Lactobionic Acid: White or almost white, crystalline powder with a melting point of about 125
with decomposition. Freely soluble in water; slightly soluble in glacial acetic acid, in anhydrous
ethanol, and in methanol. NF category: Antioxidant.
Change to read:
Anhydrous Lactose: White or almost white powder. Freely soluble in water; practically
insoluble in alcohol. NF category: Tablet and/or capsule diluent
Diluent; carrier. 2S (NF31)
Change to read:
Lactose Monohydrate: White, free-flowing powder. Freely but slowly soluble in water;
practically insoluble in alcohol. NF category: Tablet and/or capsule diluent
Diluent; carrier; wet binder. 2S (NF31)
Lactulose Concentrate: Colorless to amber syrupy liquid, which may exhibit some precipitation
and darkening upon standing. Miscible with water.
Lamivudine: White to off-white solid. Soluble in water. Melts at about 176 .
Lamotrigine: A white to pale cream-colored powder. Slightly soluble in 0.1 N hydrochloric acid,
in acetone, in methanol, and in water.
Change to read:
Lanolin: Yellow, tenacious, unctuous mass, having a slight, characteristic odor. Freely soluble
in ether and in chloroform; soluble in hot alcohol; sparingly soluble in cold alcohol; insoluble in
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water, but mixes without separation with about twice its weight of water. NF category:
Emulsifying agent; 2S (USP36)
ointment base.
Change to read:
Lanolin Alcohols: Hard, waxy, amber solid, having a characteristic odor. Freely soluble in
chloroform, in ether, and in petroleum ether; slightly soluble in alcohol; insoluble in water. NF
category: Emulsifying and/or solubilizing agent;
Emulsifying agent; ointment base. 2S (NF31)
Lansoprazole: White to brownish-white powder. Freely soluble in dimethylformamide;
practically insoluble in water. Melts at about 166 , with decomposition.
Change to read:
Lauroyl Polyoxylglycerides: Pale yellow, waxy liquids. Freely soluble in methylene chloride.
Dispersible in hot water. NF category: Ointment base; solvent;
emulsifying agent; wetting and/or solubilizing agent. 2S (NF31)
Change to read:
Lecithin: The consistency of both natural grades and refined grades of lecithin may vary from
plastic to fluid, depending upon free fatty acid and oil content, and upon the presence or
absence of other diluents. Its color varies from light yellow to brown, depending on the source,
on crop variations, and on whether it is bleached or unbleached. It is odorless or has a
characteristic, slight nut-like odor and a bland taste. Practically insoluble in water, but it readily
hydrates to form emulsions. The oil-free phosphatides are soluble in fatty acids, but are
practically insoluble in fixed oils. When all phosphatide fractions are present, lecithin is sparingly
soluble in alcohol and practically insoluble in acetone. NF category: Emulsifying and/or
solubilizing agent
Emulsifying agent; emollient. 2S (NF31)
Leflunomide: White to almost white powder. Freely soluble in methanol, in alcohol, in 2propanol, in ethyl acetate, in acetone, and in acetonitrile; practically insoluble in water.
Letrozole: White to yellowish, crystalline powder. Freely soluble in dichloromethane; slightly
soluble in alcohol; practically insoluble in water.
Change to read:
Leucine: White, practically odorless, tasteless crystals. Sparingly soluble in water; insoluble in
ether.
NF category: Flavors and fragrance. 2S (USP36)
Leucovorin Calcium: Yellowish-white or yellow, odorless powder. Very soluble in water;
practically insoluble in alcohol.
Leucovorin Calcium Injection: Clear, yellowish solution.
Levamisole Hydrochloride: White or almost white, crystalline powder. Freely soluble in water;
soluble in alcohol; slightly soluble in methylene chloride; practically insoluble in ether.
Levetiracetam: White to almost white powder. Very soluble in water; soluble in acetonitrile;
practically insoluble in hexane.
Levmetamfetamine: Clear, practically colorless liquid.
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Levobunolol Hydrochloride: White crystalline, odorless powder. Soluble in water and in
methanol; slightly soluble in alcohol and in chloroform.
Levocarnitine: White crystals or crystalline powder. Hygroscopic. Freely soluble in water, and
in hot alcohol; practically insoluble in acetone, in ether, and in benzene.
Levodopa: White to off-white, odorless, crystalline powder. In the presence of moisture, is
rapidly oxidized by atmospheric oxygen and darkens. Freely soluble in 3 N hydrochloric acid;
slightly soluble in water; insoluble in alcohol.
Levofloxacin: Light yellowish-white to yellow-white crystals or crystalline powder. Soluble in
dimethylsulfoxide and in acetic acid; sparingly soluble in water, in acetone, and in methanol;
practically insoluble in glycerin and in n-octanol.
Levonordefrin: White to buff-colored, odorless, crystalline solid. Melts at about 210 . Freely
soluble in aqueous solutions of mineral acids; slightly soluble in acetone, in chloroform, in
alcohol, and in ether; practically insoluble in water.
Levonorgestrel: White or practically white, odorless powder. Soluble in chloroform; slightly
soluble in alcohol; practically insoluble in water.
Levorphanol Tartrate: Practically white, odorless, crystalline powder. Sparingly soluble in
water; slightly soluble in alcohol; insoluble in chloroform and in ether. Melts, in a sealed tube, at
about 110 , with decomposition.
Levothyroxine Sodium: Light yellow to buff-colored, odorless, tasteless, hygroscopic powder.
Is stable in dry air but may assume a slight pink color upon exposure to light. The pH of a
saturated solution is about 8.9. Soluble in solutions of alkali hydroxides and in hot solutions of
alkali carbonates; slightly soluble in alcohol; very slightly soluble in water; insoluble in acetone,
in chloroform, and in ether.
Lidocaine: White or slightly yellow, crystalline powder. Has a characteristic odor and is stable
in air. Very soluble in alcohol and in chloroform; freely soluble in benzene and in ether;
practically insoluble in water. Dissolves in oils.
Lidocaine Hydrochloride: White, odorless, crystalline powder, having a slightly bitter taste.
Very soluble in water and in alcohol; soluble in chloroform; insoluble in ether.
Lime: Hard, white or grayish-white masses or granules, or white or grayish white powder. Is
odorless. Slightly soluble in water; very slightly soluble in boiling water.
Lincomycin Hydrochloride: White or practically white, crystalline powder. Is odorless or has a
faint odor. Is stable in the presence of air and light. Its solutions are acid and dextrorotatory.
Freely soluble in water; soluble in dimethylformamide; very slightly soluble in acetone.
Lincomycin Hydrochloride Injection: Clear, colorless to slightly yellow solution, having a
slight odor.
Lincomycin Hydrochloride Soluble Powder: White to off-white, or light tan free-flowing, fine
powder.
Lindane: White, crystalline powder, having a slight, musty odor. Freely soluble in chloroform;
soluble in dehydrated alcohol; sparingly soluble in ether; slightly soluble in ethylene glycol;
practically insoluble in water.
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Change to read:
Linoleoyl Polyoxylglycerides: Amber, oily liquids. May develop deposit after prolonged
storage periods at 20 . Freely soluble in methylene chloride; practically insoluble but dispersible
in water. NF category: Ointment base; solvent;
emulsifying agent; wetting and/or solubilizing agent. 2S (NF31)
Liothyronine Sodium: Light tan, odorless, crystalline powder. Slightly soluble in alcohol; very
slightly soluble in water; practically insoluble in most other organic solvents.
Lisinopril: White, crystalline powder. Melts at about 160 , with decomposition. Soluble in
water; sparingly soluble in methanol; practically insoluble in alcohol, in acetone, in acetonitrile,
and in chloroform.
Lithium Carbonate: White, granular, odorless powder. Sparingly soluble in water; very slightly
soluble in alcohol. Dissolves, with effervescence, in dilute mineral acids.
Lithium Citrate: White, odorless, deliquescent powder or granules, having a cooling, faintly
alkaline taste. Freely soluble in water; slightly soluble in alcohol.
Add the following:
Lomustine: Yellow crystalline powder. Freely soluble in acetone, and in methylene chloride;
soluble in ethanol; practically insoluble in water. 2S (USP36)
Loperamide Hydrochloride: White to slightly yellow powder. Melts at about 225 , with some
decomposition. Freely soluble in methanol and in chloroform; slightly soluble in water and in
dilute acids; very slightly soluble in isopropyl alcohol.
Lopinavir: White powder. Freely soluble in methanol and alcohol; soluble in isopropanol;
practically insoluble in water.
Loratadine: White to off-white powder. Freely soluble in acetone, in chloroform, in methanol,
and in toluene; insoluble in water.
Lorazepam: White or practically white, practically odorless powder. Sparingly soluble in
alcohol; slightly soluble in chloroform; insoluble in water.
Losartan Potassium: White to off-white powder. Freely soluble in water; sparingly soluble in
isopropyl alcohol; slightly soluble in acetonitrile.
Lovastatin: White to off-white, crystalline powder. Freely soluble in chloroform; soluble in
acetone, in acetonitrile, and in methanol; sparingly soluble in alcohol; practically insoluble in
hexane; insoluble in water.
Loxapine Succinate: White to yellowish, crystalline powder. Is odorless.
Lutein: Red, crystalline powder. Soluble in ethanol, in ethyl acetate, and in methylene chloride;
partially soluble in hexane.
Lysine Acetate: White, odorless crystals or crystalline powder, having an acid taste. Freely
soluble in water.
Change to read:
Lysine Hydrochloride: White, odorless powder. Freely soluble in water.
NF category: pH Modifier (acidifying agent/ alkalizing agent/ buffering agent).

2S (USP36)
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Mafenide Acetate: White to pale yellow, crystalline powder. Freely soluble in water.
Magaldrate: White, odorless, crystalline powder. Soluble in dilute solutions of mineral acids;
insoluble in water and in alcohol.
Milk of Magnesia: White, opaque, more or less viscous suspension from which varying
proportions of water usually separate on standing. pH is about 10.
Magnesium Aluminometasilicate: White powder or granules having an amorphous structure.
Very slightly soluble in acids and in alkalies; practically insoluble in water and in alcohol.
Magnesium Aluminosilicate: White powder or granules having an amorphous structure. Very
slightly soluble in acids and in alkalies; practically insoluble in water and in alcohol.
Change to read:
Magnesium Aluminum Silicate: Odorless, tasteless, fine (micronized) powder, small cream to
tan granules, or small flakes that are creamy when viewed on their flat surfaces and tan to
brown when viewed on their edges. Insoluble in water and in alcohol. Swells when added to
water or glycerin. NF category: Suspending and/or viscosity-increasing agent;
disintegrant. 2S (NF31)
Change to read:
Magnesium Carbonate: Light, white, friable masses or bulky, white powder. Is odorless, and is
stable in air. Practically insoluble in water to which, however, it imparts a slightly alkaline
reaction; insoluble in alcohol, but is dissolved by dilute acids with effervescence.
NF category: Diluent. 2S (USP36)
Magnesium Chloride: Colorless, odorless, deliquescent flakes or crystals, which lose water
when heated to 100 and lose hydrochloric acid when heated to 110 . Very soluble in water;
freely soluble in alcohol.
Magnesium Citrate Oral Solution: Colorless to slightly yellow, clear, effervescent liquid,
having a sweet, acidulous taste and a lemon flavor.
Magnesium Gluconate: Colorless crystals or white powder or granules. Is odorless and
tasteless. Freely soluble in water; very slightly soluble in alcohol; insoluble in ether.
Magnesium Hydroxide: Bulky, white powder. Soluble in dilute acids; practically insoluble in
water and in alcohol.
Change to read:
Magnesium Oxide: Very bulky, white powder or relatively dense, white powder or granulated
powder. Soluble in dilute acids; practically insoluble in water; insoluble in alcohol.
NF category: Emulsifying agent; glidant and/or anticaking agent; diluent. 2S (USP36)
Magnesium Phosphate: White, odorless, tasteless powder. Soluble in diluted mineral acids;
practically insoluble in water.
Magnesium Salicylate: White, odorless, efflorescent, crystalline powder. Freely soluble in
methanol; soluble in alcohol and in water; slightly soluble in ether.
Magnesium Silicate: Fine, white, odorless, tasteless powder, free from grittiness. Insoluble in
water and in alcohol. Is readily decomposed by mineral acids. NF category: Glidant and/or
anticaking agent.
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Change to read:
Magnesium Stearate: Very fine, light, white powder, slippery to touch. Insoluble in water, in
alcohol, and in ether. NF category: Tablet and/or capsule lubricant
Lubricant. 2S (NF31)
Magnesium Sulfate: Small, colorless crystals, usually needle-like, with a cooling, saline, bitter
taste. It effloresces in warm, dry air. Very soluble in boiling water; freely soluble in water;
freely (and slowly) soluble in glycerin; sparingly soluble in alcohol.
Change to read:
Magnesium Trisilicate: Fine, white, odorless, tasteless powder, free from grittiness. Insoluble
in water and in alcohol. Is readily decomposed by mineral acids.
NF category: Glidant and/or anticaking agent. 2S (USP36)
Malathion: Clear, colorless, or slightly yellowish liquid, having a characteristic odor. Congeals
at about 2.9 . Slightly soluble in water. Miscible with alcohols, with esters, with ketones, with
ethers, with aromatic and alkylated aromatic hydrocarbons, and with vegetable oils.
Change to read:
Maleic Acid: White, crystalline powder. Freely soluble in water and in alcohol; sparingly soluble
in ether.
NF category: pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Malic Acid: White or practically white, crystalline powder or granules, having a strongly acid
taste. Melts at about 130 . Very soluble in water; freely soluble in alcohol. NF category:
Acidifying agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent); flavors and fragrance;
antioxidant, chelating and/or complexing agent. 2S (NF31)
Change to read:
Maltitol: White, crystalline powder. Very soluble in water; practically insoluble in ethanol. NF
category: Humectant; sweetening agent; tablet and/or capsule diluent
diluent; coating agent. 2S (NF31)
Change to read:
Maltodextrin: White, hygroscopic powder or granules. Freely soluble or readily dispersible in
water; slightly soluble to insoluble in anhydrous alcohol. NF category: Coating agent;
suspending and/or viscosity-increasing agent; tablet binder; tablet and/or capsule diluent
diluent; wet binder. 2S (NF31)
Change to read:
Maltol: A white, crystalline powder having a characteristic caramel-butterscotch odor,
suggestive of a fruity-strawberry aroma in dilute solution. One g dissolves in about 82 mL of
water, in 21 mL of alcohol, in 80 mL of glycerin, and in 28 mL of propylene glycol. NF category:
Flavors and perfumes
Flavors and fragrance. 2S (NF31)
Change to read:
Maltose: Maltose occurs in either the anhydrous state or as a monohydrate. It is a white,
crystalline powder, odorless, and has a sweet taste. Very slightly soluble in ethanol; freely
soluble in water; slightly soluble in methanol; practically insoluble in ether.
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Mangafodipir Trisodium: Pale yellow crystals or cystalline powder. Freely soluble in water;
sparingly soluble in methanol; slightly soluble in chloroform; very slightly soluble in alcohol and in
acetone.
Manganese Chloride: Large, irregular, pink, odorless, translucent crystals. Soluble in water
and in alcohol; insoluble in ether.
Manganese Chloride for Oral Solution: Off-white to tan-colored powder with a strawberry
odor. Soluble in water.
Manganese Sulfate: Pale red, slightly efflorescent crystals, or purple, odorless powder. Soluble
in water; insoluble in alcohol.
Change to read:
Mannitol: White, crystalline powder or free-flowing granules. Is odorless and has a sweet
taste. Freely soluble in water; soluble in alkaline solutions; slightly soluble in pyridine; very
slightly soluble in alcohol; practically insoluble in ether. NF category: Sweetening agent;
tonicity agent; tablet and/or capsule diluent; bulking agent for freeze-drying
bulking agent; diluent; plasticizer. 2S (USP36)
Maprotiline Hydrochloride: Fine, white to off-white, crystalline powder. Is practically
odorless. Freely soluble in methanol and in chloroform; slightly soluble in water; practically
insoluble in isooctane.
Mazindol: White to off-white, crystalline powder, having not more than a faint odor. Slightly
soluble in methanol and in chloroform; insoluble in water.
Measles Virus Vaccine Live: Solid having the characteristic appearance of substances dried
from the frozen state. Undergoes loss of potency on exposure to sunlight. The Vaccine is to be
constituted with a suitable diluent just prior to use.
Measles, Mumps, and Rubella Virus Vaccine Live: Solid having the characteristic
appearance of substances dried from the frozen state. The Vaccine is to be constituted with a
suitable diluent just prior to use. Constituted vaccine undergoes loss of potency on exposure to
sunlight.
Measles and Rubella Virus Vaccine Live: Solid having the characteristic appearance of
substances dried from the frozen state. The Vaccine is to be constituted with a suitable diluent
just prior to use. Constituted vaccine undergoes loss of potency on exposure to sunlight.
Mebendazole: White to slightly yellow powder. Is almost odorless. Melts at about 290 . Freely
soluble in formic acid; practically insoluble in water, in dilute solutions of mineral acids, in
alcohol, in ether, and in chloroform.
Mechlorethamine Hydrochloride: White, crystalline powder. Is hygroscopic.
Meclizine Hydrochloride: White or slightly yellowish, crystalline powder. Has a slight odor and
is tasteless. Slightly soluble in dilute acids and in alcohol; practically insoluble in water and in
ether; freely soluble in chloroform, in pyridine, and in acid-alcohol-water mixtures.
Meclofenamate Sodium: A white to creamy white, odorless to almost odorless, crystalline
powder. Freely soluble in water, the solution sometimes being somewhat turbid due to partial
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hydrolysis and absorption of carbon dioxide; soluble in methanol; slightly soluble in chloroform;
practically insoluble in ether. The solution is clear above pH 11.5.
Medroxyprogesterone Acetate: White to off-white, odorless, crystalline powder. Melts at
about 205 . Is stable in air. Freely soluble in chloroform; soluble in acetone and in dioxane;
sparingly soluble in alcohol and in methanol; slightly soluble in ether; insoluble in water.
Mefenamic Acid: White to off-white, crystalline powder. Melts at about 230 , with
decomposition. Soluble in solutions of alkali hydroxides; sparingly soluble in chloroform; slightly
soluble in alcohol and in methanol; practically insoluble in water.
Mefloquine Hydrochloride: White or slightly yellow, crystalline powder. It exhibits
polymorphism. Freely soluble in methanol; soluble in alcohol; very slightly soluble in water.
Megestrol Acetate: White to creamy white, tasteless and essentially odorless, crystalline
powder. Very soluble in chloroform; soluble in acetone; sparingly soluble in alcohol; slightly
soluble in ether and in fixed oils; insoluble in water. Is unstable under aqueous conditions at pH
7 or above.
Meglumine: White to faintly yellowish-white, odorless crystals or powder. Freely soluble in
water; sparingly soluble in alcohol.
Melengestrol Acetate: White to light yellow, crystalline powder. Freely soluble in chloroform
and in ethyl acetate; slightly soluble in alcohol; insoluble in water.
Meloxicam: Pale yellow powder. Soluble in dimethylformamide; slightly soluble in acetone; very
slightly soluble in methanol and in alcohol; practically insoluble in water.
Melphalan: Off-white to buff powder, having a faint odor. Melts at about 180 , with
decomposition. Soluble in dilute mineral acids; slightly soluble in alcohol and in methanol;
practically insoluble in water, in chloroform, and in ether.
Menadiol Sodium Diphosphate: White to pink powder, having a characteristic odor. Is
hygroscopic. Its solutions are neutral or slightly alkaline to litmus, having a pH of about 8. Very
soluble in water; insoluble in alcohol.
Menadione: Bright yellow, crystalline, practically odorless powder. Is affected by sunlight.
Soluble in vegetable oils; sparingly soluble in chloroform and in alcohol; practically insoluble in
water.
Change to read:
Menthol: Colorless, hexagonal crystals, usually needle-like, or in fused masses, or crystalline
powder. Has a pleasant, peppermint-like odor. Very soluble in alcohol, in chloroform, in ether,
and in solvent hexane; freely soluble in glacial acetic acid, in mineral oil, and in fixed and
volatile oils; slightly soluble in water. NF category: Flavors and perfumes
Flavors and fragrance. 2S (USP36)
Meperidine Hydrochloride: Fine, white, crystalline, odorless powder. The pH of a solution (1
in 20) is about 5. Very soluble in water; soluble in alcohol; sparingly soluble in ether.
Mephobarbital: White, odorless, crystalline powder, having a bitter taste. Its saturated
solution is acid to litmus. Soluble in chloroform and in solutions of fixed alkali hydroxides and
carbonates; slightly soluble in water, in alcohol, and in ether.
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Mepivacaine Hydrochloride: White, odorless, crystalline solid. The pH of a solution (1 in 50)
is about 4.5. Freely soluble in water and in methanol; very slightly soluble in chloroform;
practically insoluble in ether.
Meprobamate: White powder, having a characteristic odor and a bitter taste. Freely soluble in
acetone and in alcohol; slightly soluble in water; practically insoluble or insoluble in ether.
Mercaptopurine: Yellow, odorless or practically odorless, crystalline powder. Melts at a
temperature exceeding 308 , with decomposition. Soluble in hot alcohol and in dilute alkali
solutions; slightly soluble in 2 N sulfuric acid; insoluble in water, in acetone, and in ether.
Ammoniated Mercury: White, pulverulent pieces or white, amorphous powder. Is odorless,
and is stable in air, but darkens on exposure to light. Readily soluble in warm hydrochloric,
nitric, and acetic acids; insoluble in water, and in alcohol.
Meropenem: Colorless to white crystals. Soluble in dimethylformamide and in 5% dibasic
potassium phosphate solution; sparingly soluble in water and in 5% monobasic potassium
phosphate solution; very slightly soluble in alcohol; practically insoluble in acetone and in ether.
Mesalamine: Light tan to pink colored, needle-shaped crystals. Color may darken on exposure
to air. Is odorless or may have a slight characteristic odor. Soluble in dilute hydrochloric acid
and in dilute alkali hydroxides; slightly soluble in water; very slightly soluble in methanol, in
dehydrated alcohol, and in acetone; practically insoluble in n-butyl alcohol, in chloroform, in
ether, in ethyl acetate, in n-hexane, in methylene chloride, and in n-propyl alcohol.
Mesna: White or slightly yellow crystalline powder; hygroscopic. Freely soluble in water;
slightly soluble in alcohol; practically insoluble in cyclohexane.
Mesoridazine Besylate: White to pale yellowish powder, having not more than a faint odor.
Melts at about 178 , with decomposition. Freely soluble in water, in chloroform, and in
methanol.
Mestranol: White to creamy white, odorless, crystalline powder. Freely soluble in chloroform;
soluble in dioxane; sparingly soluble in dehydrated alcohol; slightly soluble in methanol; insoluble
in water.
Metaproterenol Sulfate: White to off-white, crystalline powder. Freely soluble in water.
Metformin Hydrochloride: White, crystalline powder. Freely soluble in water; slightly soluble in
alcohol; practically insoluble in acetone and in methylene chloride.
Methacholine Chloride: Colorless or white crystals, or white, crystalline powder. Is odorless or
has a slight odor, and is very hygroscopic. Its solutions are neutral to litmus. Very soluble in
water; freely soluble in alcohol and in chloroform.
Change to read:
Methacrylic Acid Copolymer: White powder having a faint, characteristic odor. The polymer is
soluble in diluted alkali, in simulated intestinal fluid TS, and in buffer solutions of pH 7 and
above. The solubility between pH 5.5 and pH 7 depends on the content of methacrylic acid
units in the copolymer. The polymer is freely soluble to soluble in methanol, in alcohol, in
isopropyl alcohol, and in acetone, each of which contains not less than 3% of water; insoluble
in water, in diluted acids, in simulated gastric fluid TS, and in buffer solutions of up to pH 5. NF
category: Coating agent;
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Change to read:
Methacrylic Acid Copolymer Dispersion: Milky-white liquid of low viscosity. It is miscible with
water in any proportion; the milky-white appearance is retained. A clear or slightly opalescent,
viscous solution is obtained on mixing one part with five parts of acetone, alcohol, or isopropyl
alcohol; the polymer substance is first precipitated, but then dissolves in the excess organic
solvent. A clear or slightly opalescent, viscous solution is obtained on mixing one part with two
parts of 1 N sodium hydroxide.
NF category: Coating agent; film-forming agent; diluent; wet binder. 2S (NF31)
Methacrylic Acid and Ethyl Acrylate Copolymer: White powder having a faint, characteristic
odor. Soluble to freely soluble in methanol, in alcohol, in isopropyl alcohol, and in acetone, each
of which contains not less than 3% of water; soluble in diluted alkali, in simulated intestinal fluid
TS, and in buffer solutions of pH 7 and above; insoluble in water, in diluted acids, in simulated
gastric fluid TS, and in buffer solutions of up to pH 5. The solubility between pH 5.5 and pH 7
depends on the content of methacrylic acid units in the copolymer. NF category: Coating
agent; film-forming agent.
Partially-Neutralized Methacrylic Acid and Ethyl Acrylate Copolymer: White or almost
white, free-flowing powder. Freely soluble in alcohol, in methanol, and in a 40 g/L solution of
sodium hydroxide; soluble in solutions at pH values above pH 5.5 under salt formation;
practically insoluble in ethyl acetate and in acidic aqueous solutions. NF category: Coating
agent; film-forming agent.
Methacrylic Acid and Methyl Methacrylate Copolymer: White powder having a faint,
characteristic odor. Soluble to freely soluble in methanol, in alcohol, in isopropyl alcohol, and in
acetone, each of which contains not less than 3% of water; soluble in diluted alkali, in
simulated intestinal fluid TS, and in buffer solutions of pH 7 and above; insoluble in water, in
diluted acids, in simulated gastric fluid TS, and in buffer solutions of up to pH 5. The solubility
between pH 5.5 and pH 7 depends on the content of methacrylic acid units in the copolymer.
NF category: Coating agent; film-forming agent.
Methacycline Hydrochloride: Yellow to dark yellow, crystalline powder. Soluble in water.
Methadone Hydrochloride: Colorless crystals or white, crystalline, odorless powder. Freely
soluble in alcohol and in chloroform; soluble in water; practically insoluble in ether and in
glycerin.
Methadone Hydrochloride Oral Concentrate: Clear to slightly hazy, syrupy liquid.
Methamphetamine Hydrochloride: White crystals or white, crystalline powder. Is odorless or
practically so. Its solutions have a pH of about 6. Freely soluble in water, in alcohol, and in
chloroform; very slightly soluble in absolute ether.
Methazolamide: White or faintly yellow, crystalline powder having a slight odor. Melts at
about 213 . Soluble in dimethylformamide; slightly soluble in acetone; very slightly soluble in
water and in alcohol.
Methdilazine Hydrochloride: Light tan, crystalline powder, having a slight, characteristic
odor. Freely soluble in water, in alcohol, and in chloroform.
Methenamine: Colorless, lustrous crystals or white, crystalline powder. Is practically odorless.
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When brought into contact with fire, it readily ignites, burning with a smokeless flame. It
sublimes at about 260 , without melting. Its solutions are alkaline to litmus. Freely soluble in
water; soluble in alcohol and in chloroform.
Methenamine Mandelate: White, crystalline powder. Has a sour taste and is practically
odorless. Its solutions have a pH of about 4. Melts at about 127 , with decomposition. Very
soluble in water; soluble in alcohol and in chloroform; slightly soluble in ether.
Methimazole: White to pale buff, crystalline powder, having a faint, characteristic odor. Its
solutions are practically neutral to litmus. Freely soluble in water, in alcohol, and in chloroform;
slightly soluble in ether.
Change to read:
Methionine: White crystals, having a characteristic odor and taste. Soluble in water, in warm
dilute alcohol, and in dilute mineral acids; insoluble in ether, in absolute alcohol, in benzene, and
in acetone (l-form).
NF category: Flavors and fragrance; pH modifier (acidifying agent/ alkalizing agent/ buffering
agent; antioxidant. 2S (USP36)
Methocarbamol: White powder, odorless, or having a slight characteristic odor. Melts at about
94 , or, if previously ground to a fine powder, melts at about 90 . Soluble in alcohol only with
heating; sparingly soluble in water and in chloroform; insoluble in benzene and in n-hexane.
Methohexital: White to faintly yellowish-white, crystalline, odorless powder. Slightly soluble in
alcohol, in chloroform, and in dilute alkalies; very slightly soluble in water.
Methohexital Sodium for Injection: White to off-white, hygroscopic powder. Is essentially
odorless.
Methotrexate: Orange-brown, or yellow, crystalline powder. Freely soluble in dilute solutions of
alkali hydroxides and carbonates; slightly soluble in 6 N hydrochloric acid; practically insoluble in
water, in alcohol, in chloroform, and in ether.
Methotrimeprazine: Fine, white, practically odorless, crystalline powder. Melts at about 126 .
Freely soluble in chloroform, in ether, and in boiling alcohol; sparingly soluble in methanol and in
alcohol at 25 ; practically insoluble in water.
Methoxsalen: White to cream-colored, fluffy, needle-like crystals. Is odorless. Freely soluble in
chloroform; soluble in boiling alcohol, in acetone, in acetic acid, in propylene glycol, and in
benzene; sparingly soluble in boiling water and in ether; practically insoluble in water.
Methoxsalen Topical Solution: Clear, colorless liquid.
Methoxyflurane: Clear, practically colorless, mobile liquid, having a characteristic odor. Boils at
about 105 . Miscible with alcohol, with acetone, with chloroform, with ether, and with fixed
oils.
Methsuximide: White to grayish white, crystalline powder. Is odorless, or has not more than a
slight odor. Very soluble in chloroform; freely soluble in alcohol and in ether; slightly soluble in
hot water.
Methyclothiazide: White or practically white, crystalline powder. Is odorless, or has a slight
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odor. Freely soluble in acetone and in pyridine; sparingly soluble in methanol; slightly soluble in
alcohol; very slightly soluble in water, in chloroform, and in benzene.
Methyl Alcohol: Clear, colorless liquid, having a characteristic odor. Is flammable. Miscible with
water, with alcohol, with ether, with benzene, and with most other organic solvents. NF
category: Solvent.
Methyl Benzylidene Camphor: A white, fine crystalline powder. Very soluble in chloroform;
freely soluble in alcohol; practically insoluble in water.
Methyl Isobutyl Ketone: Transparent, colorless, mobile, volatile liquid, having a faint ketonic
and camphoraceous odor. Slightly soluble in water. Miscible with alcohol, with ether, and with
benzene. NF category: Alcohol denaturant; solvent.
Change to read:
Methyl Salicylate: Colorless, yellowish, or reddish liquid, having the characteristic odor and
taste of wintergreen. It boils between 219 and 224 , with some decomposition. Soluble in
alcohol and in glacial acetic acid; slightly soluble in water. NF category: Flavors and perfumes
Flavors and fragrance. 2S (NF31)
Methylbenzethonium Chloride: White, hygroscopic crystals, having a mild odor. Its solutions
are neutral or slightly alkaline to litmus. Very soluble in water, in alcohol, and in ether;
practically insoluble in chloroform.
Change to read:
Methylcellulose: White, fibrous powder or granules. Its aqueous suspensions are neutral to
litmus. It swells in water and produces a clear to opalescent, viscous, colloidal suspension.
Soluble in glacial acetic acid and in a mixture of equal volumes of alcohol and chloroform;
insoluble in alcohol, in ether, and in chloroform. NF category: Coating agent; suspending and/or
viscosity-increasing agent; tablet binder
wet binder; emulsifying agent; film-forming agent; disintegrant. 2S (USP36)
Methyldopa: White to yellowish-white, odorless, fine powder, which may contain friable lumps.
Very soluble in 3 N hydrochloric acid; sparingly soluble in water; slightly soluble in alcohol;
practically insoluble in ether.
Methyldopate Hydrochloride: White or practically white, odorless or practically odorless,
crystalline powder. Freely soluble in water, in alcohol, and in methanol; slightly soluble in
chloroform; practically insoluble in ether.
Change to read:
Methylene Blue: Dark green crystals or crystalline powder having a bronze-like luster. Is
odorless or practically so, and is stable in air. Its solutions in water and in alcohol are deep blue
in color. Soluble in water and in chloroform; sparingly soluble in alcohol.
NF category: Free radical scavenger. 2S (USP36)
Methylene Chloride: Clear, colorless, mobile liquid, having an odor resembling that of
chloroform. Miscible with alcohol, with ether, and with fixed and volatile oils. NF category:
Solvent.
Methylergonovine Maleate: White to pinkish-tan, microcrystalline powder. Is odorless.
Slightly soluble in water and in alcohol; very slightly soluble in chloroform and in ether.
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Methylparaben: White, crystalline powder or colorless crystals. Freely soluble in alcohol and in
methanol; slightly soluble in water. NF category: Antimicrobial preservative.
Methylparaben Sodium: White, hygroscopic powder. Freely soluble in water; sparingly soluble
in alcohol; insoluble in fixed oils. NF category: Antimicrobial preservative.
Methylphenidate Hydrochloride: White, odorless, fine, crystalline powder. Its solutions are
acid to litmus. Freely soluble in water and in methanol; soluble in alcohol; slightly soluble in
chloroform and in acetone.
Methylprednisolone: White to practically white, odorless, crystalline powder. Melts at about
240 , with some decomposition (see Melting Range or Temperature 741 ). Sparingly soluble
in alcohol, in dioxane, and in methanol; slightly soluble in acetone and in chloroform; very
slightly soluble in ether; practically insoluble in water.
Methylprednisolone Acetate: White or practically white, odorless, crystalline powder. Melts
at about 225 , with some decomposition (see Melting Range or Temperature 741 ). Soluble
in dioxane; sparingly soluble in acetone, in alcohol, in chloroform, and in methanol; slightly
soluble in ether; practically insoluble in water.
Methylprednisolone Hemisuccinate: White or nearly white, odorless or nearly odorless,
hygroscopic solid. Freely soluble in alcohol; soluble in acetone; very slightly soluble in water.
Methylprednisolone Sodium Succinate: White or nearly white, odorless, hygroscopic,
amorphous solid. Very soluble in water and in alcohol; very slightly soluble in acetone; insoluble
in chloroform.
Methylpyrrolidone: A clear, colorless liquid. Miscible with water and with most organic
solvents including alcohol, ketones, and aromatic and chlorinated hydrocarbons. Boiling point:
about 202 . Refractive index: about 1.469. NF category: Solvent.
Methylsulfonylmethane: White powder or flake crystal. Melts at about 109 . Freely soluble in
water, in methanol, in alcohol, and in acetone; sparingly soluble in ether.
Methyltestosterone: White or creamy white crystals or crystalline powder. Is odorless and is
stable in air, but is slightly hygroscopic. Is affected by light. Soluble in alcohol, in methanol, in
ether, and in other organic solvents; sparingly soluble in vegetable oils; practically insoluble in
water.
Methysergide Maleate: White to yellowish-white or reddish-white, crystalline powder. Is
odorless or has not more than a slight odor. Slightly soluble in water and in alcohol; very
slightly soluble in chloroform; practically insoluble in ether.
Metoclopramide Hydrochloride: White or practically white, crystalline, odorless or practically
odorless powder. Very soluble in water; freely soluble in alcohol; sparingly soluble in chloroform;
practically insoluble in ether.
Metoprolol Succinate: White to off-white powder. Freely soluble in water; soluble in methanol;
sparingly soluble in alcohol; slightly soluble in isopropyl alcohol.
Metoprolol Tartrate: White, crystalline powder. Very soluble in water; freely soluble in
methylene chloride, in chloroform, and in alcohol; slightly soluble in acetone; insoluble in ether.
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Metronidazole: White to pale yellow, odorless crystals or crystalline powder. Is stable in air,
but darkens on exposure to light. Soluble in dilute hydrochloric acid (1 in 2); sparingly soluble in
water and in alcohol; slightly soluble in ether and in chloroform.
Metronidazole Benzoate: White to slightly yellow, crystalline powder. Freely soluble in
methylene chloride; soluble in acetone; slightly soluble in alcohol; very slightly soluble in ethyl
ether; practically insoluble in water.
Metyrapone: White to light amber, fine, crystalline powder, having a characteristic odor.
Darkens on exposure to light. Soluble in methanol and in chloroform; sparingly soluble in water.
It forms water-soluble salts with acids.
Mexiletine Hydrochloride: White powder. Freely soluble in dehydrated alcohol and in water;
slightly soluble in acetonitrile; practically insoluble in ether. Optically inactive (1 in 20 solution in
water).
Mezlocillin Sodium: White to pale yellow, crystalline powder. Freely soluble in water.
Mibolerone: White to off-white powder. Slightly soluble in chloroform, in dioxane, and in
methylene chloride; practically insoluble in water (0.0454 mg per mL at 37 ).
Miconazole: White to pale cream powder. Melts in the range of 78 to 88 . May exhibit
polymorphism. Freely soluble in alcohol, in methanol, in isopropyl alcohol, in acetone, in
propylene glycol, in chloroform, and in dimethylformamide; soluble in ether; insoluble in water.
Miconazole Nitrate: White or practically white, crystalline powder, having not more than a
slight odor. Melts in the range of 178 to 183 , with decomposition. Freely soluble in dimethyl
sulfoxide; soluble in dimethylformamide; sparingly soluble in methanol; slightly soluble in alcohol,
in chloroform, and in propylene glycol; very slightly soluble in water and in isopropyl alcohol;
insoluble in ether.
Midazolam: White or yellowish powder. The hydrochloride salt of midazolam is soluble in
aqueous solutions. Insoluble in water.
Midodrine Hydrochloride: White crystalline powder. Soluble in water; sparingly soluble in
methanol.
Milrinone: White to tan, crystalline solid. Is hygroscopic. Freely soluble in dimethyl sulfoxide;
very slightly soluble in methanol; practically insoluble in water and in chloroform.
Change to read:
Mineral Oil: Colorless, transparent, oily liquid, free or practically free from fluorescence. Is
odorless and tasteless when cold, and develops not more than a faint odor of petroleum when
heated. Soluble in volatile oils; insoluble in water and in alcohol. Miscible with most fixed oils but
not with castor oil. NF category: Solvent; vehicle (oleaginous);
emollient. 2S (USP36)
Change to read:
Light Mineral Oil: Colorless, transparent, oily liquid, free, or practically free, from fluorescence.
Is odorless and tasteless when cold, and develops not more than a faint odor of petroleum
when heated. Soluble in volatile oils; insoluble in water and in alcohol. Miscible with most fixed
oils, but not with castor oil. NF category: Vehicle (oleaginous); Tablet and/or capsule lubricant;
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Minocycline Hydrochloride: Yellow, crystalline powder. Soluble in solutions of alkali hydroxides
and carbonates; sparingly soluble in water; slightly soluble in alcohol; practically insoluble in
chloroform and in ether.
Minoxidil: White to off-white, crystalline powder. Melts in the approximate range of between
248 and 268 , with decomposition. Soluble in alcohol and in propylene glycol; sparingly soluble
in methanol; slightly soluble in water; practically insoluble in chloroform, in acetone, in ethyl
acetate, and in hexane.
Mirtazapine: White to creamy white, crystalline powder. Freely soluble in methanol and in
toluene; soluble in ethyl ether; sparingly soluble in n-hexane; practically insoluble in water.
Misoprostol: Clear, colorless or light yellow viscous liquid. Very slightly soluble in water.
Mitomycin: Blue-violet, crystalline powder. Soluble in acetone, in methanol, in butyl acetate,
and in cyclohexanone; slightly soluble in water.
Mitotane: White, crystalline powder, having a slight, aromatic odor. Soluble in alcohol, in ether,
in solvent hexane, and in fixed oils and fats; practically insoluble in water.
Mitoxantrone Hydrochloride: Dark blue powder. Sparingly soluble in water; slightly soluble in
methanol; practically insoluble in acetone, in acetonitrile, and in chloroform.
Modafinil: White to off-white, crystalline powder. Sparingly soluble in methanol; slightly soluble
in absolute alcohol; very slightly soluble in water.
Mometasone Furoate: White to off-white powder. Melts at about 220 , with decomposition.
Soluble in acetone and in methylene chloride.
Monensin Sodium: Off-white to tan, crystalline powder. Soluble in chloroform and in methanol;
slightly soluble in water; practically insoluble in solvent hexane.
Change to read:
Mono- and Di-glycerides: Vary in consistency from yellow liquids, through ivory-colored
plastics, to ivory white-colored solids (bead or flake forms). Soluble in alcohol, in ethyl acetate,
in chloroform, and in other chlorinated hydrocarbons; insoluble in water. NF category:
Emulsifying and/or solubilizing agent
Emulsifying agent. 2S (NF31)
Monobenzone Ointment: Dispersible with, but not soluble in, water.
Change to read:
Monoethanolamine: Clear, colorless, moderately viscous liquid, having a distinctly ammoniacal
odor. Miscible with water, with acetone, with alcohol, with glycerin, and with chloroform.
Immiscible with ether, with solvent hexane, and with fixed oils, although it dissolves many
essential oils. NF category: Emulsifying and/or solubilizing agent
Emulsifying agent; pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Monoglyceride Citrate: Soft white to ivory-colored, waxy solid with a lard-like consistency
and bland odor. Dispersible in most common fat solvents and in alcohol. Insoluble in water.
Change to read:
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Monosodium Glutamate: White, practically odorless, free-flowing crystals or crystalline
powder. Freely soluble in water; sparingly soluble in alcohol. May have either a slightly sweet or
a slightly salty taste. NF category: Flavors and perfumes
Flavors and fragrance; pH modifier (acidifying agent/ alkalizing agent/ buffering agent).
2S (NF31)

Change to read:
Monothioglycerol: Colorless or pale yellow, viscous liquid, having a slight sulfidic odor. Is
hygroscopic. Freely soluble in water; insoluble in ether. Miscible with alcohol. NF category:
Antioxidant;
antimicrobial preservative. 2S (NF31)
Add the following:
Montelukast Sodium: White or almost white, hygroscopic powder. Freely soluble to very
soluble in alcohol; freely soluble in water and in methylene chloride. 1S (USP35)
Morantel Tartrate: A white or pale yellow, crystalline powder. Very soluble in water and in
alcohol; practically insoluble in ethyl acetate.
Moricizine Hydrochloride: White to off-white, crystalline powder. Melts at about 189 , with
decomposition. Soluble in water and in alcohol.
Morphine Sulfate: White, feathery, silky crystals, cubical masses of crystals, or white,
crystalline powder. Is odorless, and when exposed to air it gradually loses water of hydration.
Darkens on prolonged exposure to light. Freely soluble in hot water; soluble in water; slightly
soluble in alcohol but more so in hot alcohol; insoluble in chloroform and in ether.
Add the following:
Moxidectin: White to pale yellow powder. Very soluble in alcohol; slightly soluble in hexane;
practically insoluble in water. 2S (USP36)
Moxifloxacin Hydrochloride: Slightly yellow to yellow powder or crystals. Soluble in 0.1 N
sodium hydroxide; sparingly soluble in water and in methanol; slightly soluble in 0.1 N
hydrochloric acid, in dimethylformamide, and in alcohol; practically insoluble in methylene
chloride, in acetone, in ethyl acetate, and in toluene; insoluble in tert-butyl methyl ether and
n-heptane.
Mumps Skin Test Antigen: Slightly turbid liquid.
Mumps Virus Vaccine Live: Solid having the characteristic appearance of substances dried
from the frozen state. The Vaccine is to be constituted with a suitable diluent just prior to use.
Constituted vaccine undergoes loss of potency on exposure to sunlight.
Mupirocin: White to off-white, crystalline solid. Freely soluble in acetone, in chloroform, in
dehydrated alcohol, and in methanol; slightly soluble in ether; very slightly soluble in water.
Mycophenolate Mofetil: White or almost white, crystalline powder. Its melting range is
between 94 and 98 . Freely soluble in acetone; soluble in methanol; sparingly soluble in
dehydrated alcohol; slightly soluble in water.
Change to read:
Myristic Acid: Hard, white or faintly yellow, somewhat glossy, crystalline solid or white or
yellow-white powder. Soluble in alcohol, in chloroform, and in ether; practically insoluble in
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water. NF category: Antifoaming agent;
emulsifying agent; lubricant. 2S (NF31)
Nabumetone: A white, or almost white, crystalline powder. Freely soluble in acetone; sparingly
soluble in alcohol and in methanol; practically insoluble in water.
Nadolol: White to off-white, practically odorless, crystalline powder. Freely soluble in alcohol
and in methanol; soluble in water at pH 2; slightly soluble in chloroform, in methylene chloride,
in isopropyl alcohol, and in water (between pH 7 and pH 10); insoluble in acetone, in benzene,
in ether, in hexane, and in trichloroethane.
Nafcillin Sodium: White to yellowish-white powder, having not more than a slight
characteristic odor. Freely soluble in water and in chloroform; soluble in alcohol.
Nalidixic Acid: White to very pale yellow, odorless, crystalline powder. Soluble in chloroform, in
methylene chloride, and in solutions of fixed alkali hydroxides and carbonates; slightly soluble in
acetone, in alcohol, in methanol, and in toluene; very slightly soluble in ether and in water.
Naloxone Hydrochloride: White to slightly off-white powder. Its aqueous solution is acidic.
Soluble in water, in dilute acids, and in strong alkali; slightly soluble in alcohol; practically
insoluble in ether and in chloroform.
Naloxone Hydrochloride Injection: Clear, colorless liquid.
Nandrolone Decanoate: Fine, white to creamy white, crystalline powder. Is odorless, or may
have a slight odor. Soluble in chloroform, in alcohol, in acetone, and in vegetable oils;
practically insoluble in water.
Naphazoline Hydrochloride: White, crystalline powder. Is odorless and has a bitter taste.
Melts at a temperature of about 255 , with decomposition. Freely soluble in water and in
alcohol; very slightly soluble in chloroform; practically insoluble in ether.
Naproxen: White to off-white, practically odorless, crystalline powder. Soluble in chloroform, in
dehydrated alcohol, and in alcohol; sparingly soluble in ether; practically insoluble in water.
Naproxen Sodium: White to creamy crystalline powder. Soluble in water and in methanol;
sparingly soluble in alcohol; very slightly soluble in acetone; and practically insoluble in
chloroform and in toluene. Melts at about 255 , with decomposition.
Narasin: White to off-white, crystalline powder. Melts at about 217 , with decomposition.
Soluble in methanol and in water.
Naratriptan Hydrochloride: White to pale yellow solid. Soluble in water.
Natamycin: Off-white to cream-colored powder, which may contain up to 3 moles of water.
Soluble in glacial acetic acid and in dimethylformamide; slightly soluble in methanol; practically
insoluble in water.
Nateglinide: White powder. Freely soluble in methanol and in alcohol; soluble in ether;
sparingly soluble in acetonitrile and in octanol; practically insoluble in water.
Nefazodone Hydrochloride: Nonhygroscopic, white powder. Freely soluble in chloroform;
soluble in propylene glycol; slightly soluble in polyethylene glycol and in water.
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Neomycin Sulfate: White to slightly yellow powder, or cryodesiccated solid. Is odorless or
practically so and is hygroscopic. Its solutions are dextrorotatory. Freely soluble in water; very
slightly soluble in alcohol; insoluble in acetone, in chloroform, and in ether.
Netilmicin Sulfate: White to pale yellowish-white powder. Freely soluble in water; practically
insoluble in dehydrated alcohol and in ether.
Nevirapine: White to off-white, odorless to nearly odorless, crystalline powder. Slightly soluble
in alcohol and in methanol; practically insoluble in water. Hydrous form also slightly soluble in
propylene glycol.
Niacin: White crystals or crystalline powder. Is odorless, or has a slight odor. Melts at about
235 . Freely soluble in boiling water, in boiling alcohol, and in solutions of alkali hydroxides and
carbonates; sparingly soluble in water; practically insoluble in ether.
Niacinamide: White, crystalline powder. Is odorless or practically so, and has a bitter taste.
Its solutions are neutral to litmus. Freely soluble in water and in alcohol; soluble in glycerin.
Nifedipine: Yellow powder. Is affected by exposure to light. Freely soluble in acetone;
practically insoluble in water.
Nimodipine: Light yellow or yellow, crystalline powder, affected by light. Freely soluble in ethyl
acetate; sparingly soluble in alcohol; practically insoluble in water. Exhibits polymorphism.
Change to read:
Nitric Acid: Highly corrosive fuming liquid, having a characteristic, highly irritating odor. Stains
animal tissues yellow. Boils at about 120 . Specific gravity is about 1.41. NF category:
Acidifying agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Nitrofurantoin: Lemon-yellow, odorless crystals or fine powder. Has a bitter aftertaste. Soluble
in dimethylformamide; very slightly soluble in water and in alcohol.
Nitrofurazone: Lemon yellow, odorless, crystalline powder. Darkens slowly on exposure to light.
Melts at about 236 , with decomposition. Soluble in dimethylformamide; slightly soluble in
propylene glycol and in polyethylene glycol mixtures; very slightly soluble in alcohol and in
water; practically insoluble in chloroform and in ether.
Nitrofurazone Ointment: Yellow, opaque, and water-miscible, and has ointment-like
consistency.
Nitrofurazone Topical Solution: Light yellow, clear, somewhat viscous liquid, having a faint
characteristic odor. Miscible with water.
Change to read:
Nitrogen: Colorless, odorless, tasteless gas. Is nonflammable and does not support combustion.
One L at 0 and at a pressure of 760 mm of mercury weighs about 1.251 g. One volume
dissolves in about 65 volumes of water and in about 9 volumes of alcohol at 20 and at a
pressure of 760 mm of mercury. NF category: Air displacement;
propellant. 2S (NF31)
Diluted Nitroglycerin: When diluted with lactose, it is a white, odorless powder. When diluted
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with propylene glycol or alcohol, it is a clear, colorless, or pale yellow liquid. [Note—Undiluted
nitroglycerin occurs as a white to pale yellow, thick, flammable, explosive liquid.] Undiluted
nitroglycerin is soluble in methanol, in alcohol, in carbon disulfide, in acetone, in ethyl ether, in
ethyl acetate, in glacial acetic acid, in benzene, in toluene, in nitrobenzene, in phenol, in
chloroform, and in methylene chloride; slightly soluble in water.
Nitromersol: Brownish yellow to yellow granules or brownish yellow to yellow powder. Is
odorless and tasteless and is affected by light. Soluble in solutions of alkalies and of ammonia
by opening of the anhydride ring and the formation of a salt; very slightly soluble in water, in
alcohol, in acetone, and in ether.
Nitromersol Topical Solution: Clear, reddish-orange solution. Is affected by light.
Change to read:
Nitrous Oxide: Colorless gas, without appreciable odor or taste. One L at 0 and at a pressure
of 760 mm of mercury weighs about 1.97 g. One volume dissolves in about 1.4 volumes of
water at 20 and at a pressure of 760 mm of mercury. Freely soluble in alcohol; soluble in ether
and in oils.
NF category: Propellant. 2S (USP36)
Nizatidine: Off-white to buff crystalline solid. Freely soluble in chloroform; soluble in methanol;
sparingly soluble in water.
Nonoxynol 9: Clear, colorless to light yellow, viscous liquid. Soluble in water, in alcohol, and in
corn oil. NF category: Wetting and/or solubilizing agent.
Norepinephrine Bitartrate: White or faintly gray, odorless, crystalline powder. Slowly darkens
on exposure to air and light. Its solutions are acid to litmus, having a pH of about 3.5. Freely
soluble in water; slightly soluble in alcohol; practically insoluble in chloroform and in ether. Melts
between 98 and 104 , without previous drying of the specimen, the melt being turbid.
Norepinephrine Bitartrate Injection: Colorless or practically colorless liquid, gradually turning
dark on exposure to air and light.
Norethindrone: White to creamy white, odorless, crystalline powder. Is stable in air. Soluble in
chloroform and in dioxane; sparingly soluble in alcohol; slightly soluble in ether; practically
insoluble in water.
Norethindrone Acetate: White to creamy white, odorless, crystalline powder. Very soluble in
chloroform; freely soluble in dioxane; soluble in ether and in alcohol; practically insoluble in
water.
Norfloxacin: White to pale yellow, crystalline powder. Sensitive to light and moisture. Freely
soluble in acetic acid; sparingly soluble in chloroform; slightly soluble in acetone, in water, and
in alcohol; very slightly soluble in methanol and in ethyl acetate; insoluble in ether.
Norgestimate: White to pale yellow powder. Very to freely soluble in methylene chloride;
sparingly soluble in acetonitrile; insoluble in water.
Norgestrel: White or practically white, practically odorless, crystalline powder. Freely soluble in
chloroform; sparingly soluble in alcohol; insoluble in water.
Nortriptyline Hydrochloride: White to off-white powder, having a slight, characteristic odor.
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Its solution (1 in 100) has a pH of about 5. Soluble in water and in chloroform; sparingly soluble
in methanol; practically insoluble in ether, in benzene, and in most other organic solvents.
Noscapine: Fine, white or practically white, crystalline powder. Freely soluble in chloroform;
soluble in acetone; slightly soluble in alcohol and in ether; practically insoluble in water.
Novobiocin Calcium: White or yellowish-white, odorless, crystalline powder. Freely soluble in
alcohol and in methanol; sparingly soluble in acetone and in butyl acetate; slightly soluble in
water and in ether; very slightly soluble in chloroform.
Novobiocin Sodium: White or yellowish-white, odorless, hygroscopic, crystalline powder.
Freely soluble in water, in alcohol, in methanol, in glycerin, and in propylene glycol; slightly
soluble in butyl acetate; practically insoluble in acetone, in chloroform, and in ether.
Nystatin: Yellow to light tan powder, having an odor suggestive of cereals. Is hygroscopic, and
is affected by long exposure to light, heat, and air. Freely soluble in dimethylformamide and in
dimethyl sulfoxide; sparingly to slightly soluble in methanol, in n-propyl alcohol, and in n-butyl
alcohol; practically insoluble in water and in alcohol; insoluble in chloroform and in ether.
Octoxynol 9: Clear, pale yellow, viscous liquid, having a faint odor and a bitter taste. Soluble
in benzene and in toluene; practically insoluble in solvent hexane. Miscible with water, with
alcohol, and with acetone. NF category: Wetting and/or solubilizing agent.
Change to read:
Octyldodecanol: Clear water-white, free-flowing liquid. Soluble in alcohol and in ether;
insoluble in water. NF category: Vehicle (oleaginous);
emollient; emulsifying agent. 2S (NF31)
Octyl Methoxycinnamate: Pale yellow oil. Insoluble in water.
Ofloxacin: Pale yellowish-white to light yellowish-white crystals or crystalline powder.
Sparingly soluble in chloroform; slightly soluble in alcohol, in methanol, and in water.
Hydrophilic Ointment: NF category: Ointment base.
White Ointment: NF category: Ointment base.
Yellow Ointment: NF category: Ointment base.
Olanzapine: A yellow crystalline solid. Soluble in n-propanol; sparingly soluble in acetonitrile;
slightly soluble in methanol and in dehydrated alcohol; practically insoluble in water.
Change to read:
Oleic Acid: Colorless to pale yellow, oily liquid when freshly prepared, but on exposure to air it
gradually absorbs oxygen and darkens. Has a characteristic, lard-like odor and taste. When
strongly heated in air, it is decomposed with the production of acrid vapors. Practically
insoluble in water. Miscible with alcohol, with chloroform, with ether, with benzene, and with
fixed and volatile oils. NF category: Emulsifying and/or solubilizing agent
Emulsifying agent. 2S (NF31)
Oleovitamin A and D: Yellow to red, oily liquid, practically odorless or having a fish-like odor,
and having no rancid odor or taste. Is a clear liquid at temperatures exceeding 65 , and may
crystallize on cooling. Is unstable in air and in light. Very soluble in ether and in chloroform;
soluble in dehydrated alcohol and in vegetable oils; insoluble in water and in glycerin.
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Oleovitamin A and D Capsules: The oil contained in Oleovitamin A and D Capsules is a yellow
to red, oily liquid, practically odorless or having a fish-like odor, and having no rancid odor or
taste. Is a clear liquid at temperatures exceeding 65 , and may crystallize on cooling. Is
unstable in air and in light.
Change to read:
Oleoyl Polyoxylglycerides: Amber, oily liquids. May develop deposit after prolonged storage
at 20 . Freely soluble in methylene chloride; practically insoluble but dispersible in water. NF
category: Ointment base; solvent;
emulsifying agent; wetting and/or solubilizing agent. 2S (NF31)
Change to read:
Oleyl Alcohol: Clear, colorless to light yellow, oily liquid. Has a faint characteristic odor and a
bland taste. Soluble in alcohol, in ether, in isopropyl alcohol, and in light mineral oil; insoluble in
water. NF category: Emulsifying and/or solubilizing agent
Emollient; emulsifying agent. 2S (NF31)
Change to read:
Oleyl Oleate: Clear, colorless to light yellow liquid. Has a faint characteristic odor. Slightly
soluble in alcohol. Miscible with chloroform and with ether. NF category: Emollient; emulsifying
and/or solubilizing agent
emulsifying agent. 2S (NF31)
Olive Oil: Pale yellow, or light greenish-yellow, oily liquid, having a slight, characteristic odor
and taste, with a faintly acrid aftertaste. Slightly soluble in alcohol. Miscible with ether, with
chloroform, and with carbon disulfide. Specific gravity
category: Vehicle (oleaginous).

841 : Between 0.910 and 0.915. NF

Add the following:
Olmesartan Medoxomil: White to off-white crystalline powder. Sparingly soluble in
methanol; practically insoluble in water. 2S (USP35)
Olopatadine Hydrochloride: White crystalline powder. Very soluble in formic acid; sparingly
soluble in water; very slightly soluble in dehydrated alcohol.
Omeprazole: White to off-white powder. Melts between 150 and 160 , with decomposition.
Soluble in dichloromethane; sparingly soluble in methanol and in alcohol; very slightly soluble in
water.
Omeprazole Magnesium: White to off-white powder. Sparingly soluble in methanol; slightly
soluble in alcohol; very slightly soluble in water and in dichloromethane.
Ondansetron: White to off-white powder. Very soluble in acid solutions; sparingly soluble in
water.
Ondansetron Hydrochloride: White to off-white powder. Soluble in methanol; sparingly
soluble in water and in alcohol; slightly soluble in isopropyl alcohol and in dichloromethane; very
slightly soluble in acetone, in chloroform, and in ethyl acetate.
Opium: Has a very characteristic odor and a very bitter taste.
Powdered Opium: Light brown or moderately yellowish-brown powder.
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Orbifloxacin: White to pale yellow crystals or crystalline powder. Odorless. Soluble in acetic
acid; very slightly soluble in methanol, in water, and in chloroform; practically insoluble in
ethanol and in diethyl ether.
Orlistat: White to off-white fine powder or fine powder with lumps. Freely soluble in chloroform;
very soluble in methanol and in alcohol; practically insoluble in water.
Orphenadrine Citrate: White, practically odorless, crystalline powder, having a bitter taste.
Sparingly soluble in water; slightly soluble in alcohol; insoluble in chloroform, in benzene, and in
ether.
Oseltamivir Phosphate: White to off-white powder. Freely soluble in water; soluble in
methanol, in dimethyl sulfoxide, and in propylene glycol; sparingly soluble in dimethylformamide;
slightly soluble in alcohol; very slightly soluble in isopropyl alcohol and in polyethylene glycol
400; practically insoluble in acetonitrile, in acetone, in dichloromethane, and in n-hexane.
Oxacillin Sodium: Fine, white, crystalline powder, odorless or having a slight odor. Freely
soluble in water, in methanol, and in dimethyl sulfoxide; slightly soluble in absolute alcohol, in
chloroform, in pyridine, and in methyl acetate; insoluble in ethyl acetate, in ether, in benzene,
and in ethylene chloride.
Oxacillin Sodium for Injection: Fine, white, crystalline powder, odorless or having a slight
odor. Freely soluble in water, in methanol, and in dimethyl sulfoxide; slightly soluble in absolute
alcohol, in chloroform, in pyridine, and in methyl acetate; insoluble in ethyl acetate, in ether, in
benzene, and in ethylene chloride.
Oxaliplatin: White to off-white crystalline powder. Slightly soluble in water; very slightly
soluble in methanol; practically insoluble in alcohol.
Oxandrolone: White, odorless, crystalline powder. Is stable in air, but darkens on exposure to
light. Melts at about 225 . Freely soluble in chloroform; sparingly soluble in alcohol and in
acetone; practically insoluble in water.
Oxaprozin: White to yellowish-white, crystalline powder.
Oxazepam: Creamy white to pale yellow powder. Is practically odorless. Slightly soluble in
alcohol and in chloroform; very slightly soluble in ether; practically insoluble in water.
Oxcarbazepine: Light orange to creamish white or off-white powder. Soluble in acetic acid;
sparingly soluble in chloroform; practically insoluble in water.
Oxfendazole: White or almost white powder. Slightly soluble in alcohol and in methylene
chloride; practically insoluble in water.
Oxprenolol Hydrochloride: White, crystalline powder. Freely soluble in alcohol, in chloroform,
and in water; sparingly soluble in acetone; practically insoluble in ether.
Oxtriphylline: White, crystalline powder, having an amine-like odor. A solution (1 in 100) has a
pH of about 10.3. Freely soluble in water and in alcohol; very slightly soluble in chloroform.
Oxybenzone: Pale yellow powder. Freely soluble in alcohol and in toluene; practically insoluble
in water.
Oxybutynin Chloride: White, crystalline, practically odorless powder. Very soluble in methanol
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and in chloroform; freely soluble in water and in alcohol; soluble in acetone; slightly soluble in
ether; very slightly soluble in hexane.
Oxycodone Hydrochloride: White to off-white, hygroscopic crystals or powder. Is odorless.
Soluble in water; slightly soluble in alcohol.
Oxygen: Colorless, odorless, tasteless gas, which supports combustion more energetically than
does air. One L at 0 and at a pressure of 760 mm of mercury weighs about 1.429 g. One
volume dissolves in about 32 volumes of water and in about 7 volumes of alcohol at 20 and at
a pressure of 760 mm of mercury.
Oxymetazoline Hydrochloride: White to practically white, fine crystalline powder. Is
hygroscopic. Melts at about 300 , with decomposition. Soluble in water and in alcohol;
practically insoluble in benzene, in chloroform, and in ether.
Oxymetholone: White to creamy white, crystalline powder. Is odorless, and is stable in air.
Freely soluble in chloroform; soluble in dioxane; sparingly soluble in alcohol; slightly soluble in
ether; practically insoluble in water.
Oxymorphone Hydrochloride: White or slightly off-white, odorless powder. Darkens on
exposure to light. Its aqueous solutions are slightly acidic. Freely soluble in water; sparingly
soluble in alcohol and in ether.
Change to read:
Oxyquinoline Sulfate: Yellow powder. Melts at about 185 . Very soluble in water; freely
soluble in methanol; slightly soluble in alcohol; practically insoluble in acetone and in ether. NF
category: Complexing agent
Chelating and/or complexing agent. 2S (NF31)
Oxytetracycline: Pale yellow to tan, odorless, crystalline powder. Is stable in air, but exposure
to strong sunlight causes it to darken. It loses potency in solutions of pH below 2, and is
rapidly destroyed by alkali hydroxide solutions. Freely soluble in 3 N hydrochloric acid and in
alkaline solutions; sparingly soluble in alcohol; very slightly soluble in water.
Oxytetracycline Calcium: Yellow to light brown, crystalline powder. Insoluble in water.
Oxytetracycline Hydrochloride: Yellow, odorless, crystalline powder, having a bitter taste. Is
hygroscopic. Decomposes at a temperature exceeding 180 , and exposure to strong sunlight or
to temperatures exceeding 90 in moist air causes it to darken. Its potency is diminished in
solutions having a pH below 2, and is rapidly destroyed by alkali hydroxide solutions. Freely
soluble in water, but crystals of oxytetracycline base separate as a result of partial hydrolysis
of the hydrochloride; sparingly soluble in alcohol and in methanol, and even less soluble in
dehydrated alcohol; insoluble in chloroform and in ether.
Paclitaxel: White to off-white powder. Soluble in alcohol; insoluble in water.
Padimate O: A light yellow, mobile liquid having a faint, aromatic odor. Soluble in alcohol, in
isopropyl alcohol, and in mineral oil; practically insoluble in water, in glycerin, and in propylene
glycol.
Change to read:
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Palm Oil: White to yellowish, fatty solid to semisolid. Insoluble in water. NF category: Coating
agent; emulsifying and/or solubilizing agent
emulsifying agent. 2S (NF31)
Change to read:
Hydrogenated Palm Oil: White to yellowish, fatty solid to semi-solid. Freely soluble in ether;
very slightly soluble in alcohol; practically insoluble in water. NF category: Coating agent;
tablet binder; tablet and/or capsule lubricant.
lubricant; wet binder. 2S (NF31)
Change to read:
Palm Kernel Oil: White to yellowish, fatty solid. Insoluble in water. NF category: Coating
agent; emulsifying and/or solubilizing agent
emulsifying agent; suppository base. 2S (NF31)
Change to read:
Palmitic Acid: Hard, white or faintly yellow, somewhat glossy crystalline solid, or white or
yellowish-white powder. It has a slight characteristic odor and taste. Soluble in alcohol, in
ether, and in chloroform; practically insoluble in water.
NF category: Antifoaming agent; emulsifying agent; lubricant. 2S (NF31)
Pamidronate Disodium: White, crystalline powder. Soluble in water and in 2 N sodium
hydroxide; sparingly soluble in 0.1 N hydrochloric acid and in 0.1 N acetic acid; practically
insoluble in organic solvents.
Pancreatin: Cream-colored, amorphous powder, having a faint, characteristic, but not
offensive odor. It hydrolyzes fats to glycerol and fatty acids, changes protein into proteoses
and derived substances, and converts starch into dextrins and sugars. Its greatest activities
are in neutral or faintly alkaline media; more than traces of mineral acids or large amounts of
alkali hydroxides make it inert. An excess of alkali carbonate also inhibits its action.
Pancrelipase: Cream-colored, amorphous powder, having a faint, characteristic, but not
offensive odor. Pancrelipase hydrolyzes fats to glycerol and fatty acids, changes protein into
proteoses and derived substances, and converts starch into dextrins and sugars. Its greatest
activities are in neutral or faintly alkaline media; more than traces of mineral acids or large
amounts of alkali hydroxides make it inert. An excess of alkali carbonate also inhibits its action.
Pancrelipase Capsules: The contents of Capsules conform to the Description under
Pancrelipase, except that the odor may vary with the flavoring agent used.
Pancuronium Bromide: White, yellowish-white, or slightly pink, crystalline powder. Is
hygroscopic. Freely soluble in water, in methylene chloride, and in alcohol.
Panthenol: White to creamy white, crystalline powder having a slight, characteristic odor.
Freely soluble in water, in alcohol, and in propylene glycol; soluble in chloroform and in ether;
slightly soluble in glycerin.
Pantoprazole Sodium: White to off-white powder. Freely soluble in water, in methanol, and in
dehydrated alcohol; practically insoluble in hexane and in dichloromethane.
Papain: White to light tan, amorphous powder. Soluble in water, the solution being colorless to
light yellow and more or less opalescent; practically insoluble in alcohol, in chloroform, and in
ether.
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Papaverine Hydrochloride: White crystals or white, crystalline powder. Is odorless, and has a
slightly bitter taste. Is optically inactive. Its solutions are acid to litmus. Melts at about 220 ,
with decomposition. Soluble in water and in chloroform; slightly soluble in alcohol; practically
insoluble in ether.
Parachlorophenol: White or pink crystals having a characteristic phenolic odor. When
undiluted, it whitens and cauterizes the skin and mucous membranes. Melts at about 42 . Very
soluble in alcohol, in glycerin, in chloroform, in ether, and in fixed and volatile oils; soluble in
petrolatum; sparingly soluble in water and in liquid petrolatum.
Change to read:
Paraffin: Colorless or white, more or less translucent mass showing a crystalline structure. Is
odorless and tasteless, and is slightly greasy to the touch. Freely soluble in chloroform, in
ether, in volatile oils, and in most warm fixed oils; slightly soluble in dehydrated alcohol;
insoluble in water and in alcohol. NF category: Stiffening agent;
ointment base. 2S (NF31)
.
Synthetic Paraffin: Very hard, white, practically tasteless and odorless wax. Contains mostly
long-chain, unbranched, saturated hydrocarbons, with a small amount of branched
hydrocarbons. Is represented by the formula CnH2n2, in which n may range from 20 to about
100. The average molecular weight may range from 400 to 1400. Slightly soluble in aromatic
and normal paraffinic solvents; very slightly soluble in aliphatic, oxygenated, and halogenated
hydrocarbon solvents; insoluble in water. NF category: Stiffening agent.
Paraldehyde: Colorless, transparent liquid. Has a strong, characteristic but not unpleasant or
pungent odor, and a disagreeable taste. Specific gravity is about 0.99. Soluble in water, but
less soluble in boiling water. Miscible with alcohol, with chloroform, with ether, and with volatile
oils.
Paricalcitol: White to almost white powder. Soluble in alcohol; insoluble in water.
Paromomycin Sulfate: Creamy white to light yellow powder. Is odorless or practically
odorless, and is very hygroscopic. Very soluble in water; insoluble in alcohol, in chloroform, and
in ether.
Paroxetine Hydrochloride: White to off-white solid. Soluble in methanol and in alcohol;
slightly soluble in water.
Peanut Oil: Colorless or pale yellow, oily liquid with a bland taste. May have a characteristic,
nutty odor. Very slightly soluble in alcohol. Miscible with ether, with chloroform, and with
carbon disulfide. Specific gravity

841 : Between 0.912 and 0.920. Refractive index

831 :

Between 1.462 and 1.464 at 40 . NF category: Solvent; vehicle (oleaginous).
Change to read:
Pectin: Coarse or fine powder, yellowish-white in color, almost odorless, and having a
mucilaginous taste. Soluble in 20 parts of water, forming a viscous, opalescent, colloidal
solution that flows readily and is acid to litmus; practically insoluble in alcohol or in diluted
alcohol and in other organic solvents. Pectin dissolves in water more readily if first moistened
with alcohol, glycerin, or simple syrup, or if first mixed with 3 or more parts of sucrose. NF
category: Suspending and/or viscosity-increasing agent;
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Penbutolol Sulfate: White to off-white, crystalline powder. Melts at about 217 , with
decomposition. Soluble in water and in methanol.
Penicillamine: White or practically white, crystalline powder, having a slight, characteristic
odor. Freely soluble in water; slightly soluble in alcohol; insoluble in chloroform and in ether.
Penicillin G Benzathine: White, odorless, crystalline powder. Sparingly soluble in alcohol; very
slightly soluble in water.
Penicillin G Potassium: Colorless or white crystals, or white, crystalline powder. Is odorless or
practically so, and is moderately hygroscopic. Its solutions are dextrorotatory. Its solutions
retain substantially full potency for several days at temperatures below 15 , but are rapidly
inactivated by acids, by alkali hydroxides, by glycerin, and by oxidizing agents. Very soluble in
water, in saline TS, and in dextrose solutions; sparingly soluble in alcohol.
Penicillin G Procaine: White crystals or white, very fine, microcrystalline powder. Is odorless
or practically odorless, and is relatively stable in air. Its solutions are dextrorotatory. Is rapidly
inactivated by acids, by alkali hydroxides, and by oxidizing agents. Soluble in alcohol and in
chloroform; slightly soluble in water.
Penicillin G Sodium: Colorless or white crystals or white to slightly yellow, crystalline powder.
Is odorless or practically odorless, and is moderately hygroscopic. Its solutions are
dextrorotatory. Is relatively stable in air, but is inactivated by prolonged heating at about 100 ,
especially in the presence of moisture. Its solutions lose potency fairly rapidly at room
temperature, but retain substantially full potency for several days at temperatures below 15 .
Its solutions are rapidly inactivated by acids, by alkali hydroxides, by oxidizing agents, and by
penicillinase.
Penicillin V: White, odorless, crystalline powder. Freely soluble in alcohol and in acetone; very
slightly soluble in water; insoluble in fixed oils.
Penicillin V Benzathine: Practically white powder, having a characteristic odor. Sparingly
soluble in chloroform; slightly soluble in alcohol and in ether; very slightly soluble in water.
Penicillin V Potassium: White, odorless, crystalline powder. Very soluble in water; slightly
soluble in alcohol; insoluble in acetone.
Pentamidine Isethionate: White or almost white powder or colorless crystals, hygroscopic.
Freely soluble in water; sparingly soluble in alcohol; practically insoluble in methylene chloride.
Pentazocine: White or very pale, tan-colored powder. Freely soluble in chloroform; soluble in
alcohol, in acetone, and in ether; sparingly soluble in benzene and in ethyl acetate; practically
insoluble in water.
Pentazocine Hydrochloride: White, crystalline powder. It exhibits polymorphism, one form
melting at about 254 and the other at about 218 . Freely soluble in chloroform; soluble in
alcohol; sparingly soluble in water; very slightly soluble in acetone and in ether; practically
insoluble in benzene.
Change to read:
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Pentetic Acid: White, odorless or almost odorless powder. Melts with foaming and degradation
at 220 .
NF category: Chelating and/or complexing agent; antimicrobial preservative; sequestering
agent. 2S (USP36)
Pentobarbital: White to practically white, fine, practically odorless powder. May occur in a
polymorphic form that melts at about 116 . This form gradually reverts to the more stable
higher-melting form upon being heated at about 110 . Very soluble in alcohol, in methanol, in
ether, in chloroform, and in acetone; soluble in benzene; very slightly soluble in water and in
carbon tetrachloride.
Pentobarbital Sodium: White, crystalline granules or white powder. Is odorless or has a slight
characteristic odor, and has a slightly bitter taste. Its solutions decompose on standing, heat
accelerating the decomposition. Very soluble in water; freely soluble in alcohol; practically
insoluble in ether.
Pentoxifylline: White to almost white crystalline powder. Freely soluble in chloroform and in
methanol; soluble in water; sparingly soluble in alcohol; slightly soluble in ether.
Change to read:
Peppermint: Has an aromatic, characteristic odor and a pungent taste, and produces a cooling
sensation in the mouth. NF category: Flavors and perfumes
Flavors and fragrance. 2S (NF31)
Change to read:
Peppermint Oil: Colorless or pale yellow liquid, having a strong, penetrating, characteristic
odor and a pungent taste, followed by a sensation of cold when air is drawn into the mouth. NF
category: Flavors and perfumes
Flavors and fragrance. 2S (NF31)
Change to read:
Peppermint Spirit: A clear, colorless liquid with a peppermint fragrance. Freely soluble in
methanol and in diethyl ether; soluble in water. NF category: Flavors and perfumes
Flavors and fragrance. 2S (USP36)
Peppermint Water: NF category: Vehicle (flavored and/or sweetened).
Perflubron: Clear, colorless, practically odorless liquid.
Pergolide Mesylate: White to off-white powder. Sparingly soluble in methanol; slightly soluble
in water, in dehydrated alcohol, and in chloroform; very slightly soluble in acetone; practically
insoluble in ether.
Perphenazine: White to creamy white, odorless powder. Freely soluble in alcohol and in
chloroform; soluble in acetone; practically insoluble in water.
Pertussis Immune Globulin: Transparent or slightly opalescent liquid, practically colorless,
free from turbidity or particles, and practically odorless. May develop a slight, granular deposit
during storage. Is standardized for agglutinating activity with the U.S. Standard Antipertussis
Serum.
Change to read:
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Petrolatum: Unctuous yellowish to light amber mass, having not more than a slight
fluorescence even after being melted. Is transparent in thin layers. Is free or practically free
from odor and taste. Freely soluble in benzene, in carbon disulfide, in chloroform, and in
turpentine oil; soluble in ether, in solvent hexane, and in most fixed and volatile oils; practically
insoluble in cold and hot alcohol and in cold dehydrated alcohol; insoluble in water. NF
category: Ointment base;
emollient. 2S (USP36)
Hydrophilic Petrolatum: NF category: Ointment base.
White Petrolatum: White or faintly yellowish, unctuous mass, transparent in thin layers even
after cooling to 0 . Freely soluble in benzene, in carbon disulfide, and in chloroform; soluble in
ether, in solvent hexane, and in most fixed and volatile oils; slightly soluble in cold or hot
alcohol, and in cold dehydrated alcohol; insoluble in water. NF category: Ointment base.
Phenazopyridine Hydrochloride: Light or dark red to dark violet, crystalline powder. Is
odorless, or has a slight odor. Melts at about 235 , with decomposition. Slightly soluble in
water, in alcohol, and in chloroform.
Phendimetrazine Tartrate: White, odorless, crystalline powder. Freely soluble in water;
sparingly soluble in warm alcohol; insoluble in chloroform, in acetone, in ether, and in benzene.
Phendimetrazine base is extracted by organic solvents from alkaline solution.
Phenelzine Sulfate: White to yellowish white powder, having a characteristic odor. Freely
soluble in water; practically insoluble in alcohol, in chloroform, and in ether.
Pheniramine Maleate: White, crystalline powder having a faint amine-like odor. Soluble in
water and in alcohol.
Phenmetrazine Hydrochloride: White to off-white, crystalline powder. Very soluble in water;
freely soluble in alcohol and in chloroform.
Phenobarbital: White, odorless, glistening, small crystals, or white, crystalline powder, which
may exhibit polymorphism. Is stable in air. Its saturated solution has a pH of about 5. Soluble in
alcohol, in ether, and in solutions of fixed alkali hydroxides and carbonates; sparingly soluble in
chloroform; very slightly soluble in water.
Phenobarbital Sodium: Flaky crystals, or white, crystalline granules, or white powder. Is
odorless, has a bitter taste, and is hygroscopic. Its solutions are alkaline to phenolphthalein TS,
and decompose on standing. Very soluble in water; soluble in alcohol; practically insoluble in
ether and in chloroform.
Phenol: Colorless to light pink, interlaced or separate, needle-shaped crystals, or white to light
pink, crystalline mass. Has a characteristic odor. Is liquefied by warming and by the addition of
10% of water. Boils at about 182 , and its vapor is flammable. Gradually darkens on exposure to
light and air. Very soluble in alcohol, in glycerin, in chloroform, in ether, and in fixed and volatile
oils; soluble in water; sparingly soluble in mineral oil. NF category: Antimicrobial preservative.
Liquefied Phenol: Colorless to pink liquid, which may develop a red tint upon exposure to air or
light. Has a characteristic, somewhat aromatic odor. It whitens and cauterizes the skin and
mucous membranes. Specific gravity is about 1.065. Miscible with alcohol, with ether, and with
glycerin. A mixture of equal volumes of Liquefied Phenol and glycerin is miscible with water.
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Camphorated Phenol Topical Gel: Clear, colorless, oily gel.
Phenolsulfonphthalein: A bright-red to dark-red, crystalline powder. Slightly soluble in
alcohol; very slightly soluble in water.
Phenoxyethanol: A colorless, slightly viscous liquid. Slightly soluble in water, in peanut oil, and
in olive oil. Miscible with acetone, with alcohol, and with glycerol. NF category: Antimicrobial
preservative.
Phensuximide: White to off-white, crystalline powder. Is odorless, or has not more than a
slight odor. Very soluble in chloroform; soluble in alcohol; slightly soluble in water.
Phentermine Hydrochloride: White, odorless, hygroscopic, crystalline powder. Soluble in
water and in the lower alcohols; slightly soluble in chloroform; insoluble in ether.
Phentolamine Mesylate: White or off-white, odorless, crystalline powder. Its solutions are
acid to litmus, having a pH of about 5, and slowly deteriorate. Melts at about 178 . Freely
soluble in water and in alcohol; slightly soluble in chloroform.
Phenylalanine: White, odorless crystals, having a slightly bitter taste. Sparingly soluble in
water; very slightly soluble in methanol, in alcohol, and in dilute mineral acids.
Phenylbenzimidazole Sulfonic Acid: White to ivory-colored, odorless powder. Soluble in
alcohol; practically insoluble in oily solvents and in water. Its salts are freely soluble in water.
Phenylbutazone: White to off-white, odorless, crystalline powder. Freely soluble in acetone
and in ether; soluble in alcohol; very slightly soluble in water.
Phenylephrine Bitartrate: White or almost white powder or colorless crystals. Freely soluble in
water.
Phenylephrine Hydrochloride: White or practically white, odorless crystals, having a bitter
taste. Freely soluble in water and in alcohol.
Phenylephrine Hydrochloride Nasal Solution: Clear, colorless or slightly yellow, odorless
liquid. Is neutral or acid to litmus.
Phenylephrine Hydrochloride Ophthalmic Solution: Clear, colorless or slightly yellow liquid,
depending on the concentration.
Phenylethyl Alcohol: Colorless liquid, having a rose-like odor and a sharp, burning taste. Very
soluble in alcohol, in fixed oils, in glycerin, and in propylene glycol; sparingly soluble in water;
slightly soluble in mineral oil. NF category: Antimicrobial preservative.
Phenylmercuric Acetate: White to creamy white, crystalline powder, or small white prisms or
leaflets. Is odorless. Soluble in alcohol and in acetone; slightly soluble in water. NF category:
Antimicrobial preservative.
Phenylmercuric Nitrate: White, crystalline powder. Is affected by light. Its saturated solution
is acid to litmus. Slightly soluble in alcohol and in glycerin; very slightly soluble in water. It is
more soluble in the presence of either nitric acid or alkali hydroxides. NF category: Antimicrobial
preservative.
Phenylpropanolamine Bitartrate: White, crystalline powder.
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Phenylpropanolamine Hydrochloride: White, crystalline powder, having a slight aromatic
odor. Is affected by light. Freely soluble in water and in alcohol; insoluble in ether.
Phenyltoloxamine Citrate: White, crystalline powder. Very soluble in boiling water; slightly
soluble in cold water and in alcohol; practically insoluble in cold acetone, in ethyl ether, and in
toluene.
Phenytoin: White, odorless powder. Melts at about 295 . Soluble in hot alcohol; slightly soluble
in cold alcohol, in chloroform, and in ether; practically insoluble in water.
Phenytoin Sodium: White, odorless powder. Is somewhat hygroscopic and on exposure to air
gradually absorbs carbon dioxide. Freely soluble in water, the solution usually being somewhat
turbid due to partial hydrolysis and absorption of carbon dioxide; soluble in alcohol; practically
insoluble in ether and in chloroform.
Sodium Phosphate P 32 Solution: Clear, colorless solution. Upon standing, both the Solution
and the glass container may darken as a result of the effects of the radiation.
Change to read:
Phosphoric Acid: Colorless, odorless liquid of syrupy consistency. Specific gravity is about
1.71. Miscible with water and with alcohol. NF category: Acidifying agent; buffering agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Change to read:
Diluted Phosphoric Acid: Clear, colorless, odorless liquid. Specific gravity is about 1.057. NF
category: Acidifying agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Physostigmine: White, odorless, microcrystalline powder. Acquires a red tint when exposed to
heat, light, air, or contact with traces of metals. Melts at a temperature not lower than 103 .
Very soluble in chloroform and in dichloromethane; freely soluble in alcohol; soluble in benzene
and in fixed oils; slightly soluble in water.
Physostigmine Salicylate: White, shining, odorless crystals or white powder. Acquires a red
tint when exposed to heat, light, air, or contact with traces of metals for long periods. Melts at
about 184 . Freely soluble in chloroform; soluble in alcohol; sparingly soluble in water; slightly
soluble in ether.
Physostigmine Sulfate: White, odorless, microcrystalline powder. Is deliquescent in moist air
and acquires a red tint when exposed to heat, light, air, or contact with traces of metals for
long periods. Melts at about 143 . Freely soluble in water; very soluble in alcohol; very slightly
soluble in ether.
Phytonadione: Clear, yellow to amber, very viscous, odorless or practically odorless liquid,
having a specific gravity of about 0.967. Is stable in air, but decomposes on exposure to
sunlight. Soluble in dehydrated alcohol, in benzene, in chloroform, in ether, and in vegetable
oils; slightly soluble in alcohol; insoluble in water.
Pilocarpine: A viscous, oily liquid, or crystals melting at about 34 . Exceedingly hygroscopic.
Soluble in water, in alcohol, and in chloroform; sparingly soluble in ether and in benzene;
practically insoluble in petroleum ether.
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Pilocarpine Hydrochloride: Colorless, translucent, odorless, faintly bitter crystals. Is
hygroscopic and is affected by light. Its solutions are acid to litmus. Very soluble in water;
freely soluble in alcohol; slightly soluble in chloroform; insoluble in ether.
Pilocarpine Nitrate: Shining, white crystals. Is stable in air but is affected by light. Its
solutions are acid to litmus. Freely soluble in water; sparingly soluble in alcohol; insoluble in
chloroform and in ether.
Pimozide: White, crystalline powder. Freely soluble in chloroform; slightly soluble in ether and
in alcohol; insoluble in water.
Pindolol: White to off-white, crystalline powder, having a faint odor. Slightly soluble in
methanol; very slightly soluble in chloroform; practically insoluble in water.
Pioglitazone Hydrochloride: White crystals or crystalline powder. Soluble in
dimethylformamide; slightly soluble in dehydrated alcohol; very slightly soluble in acetone and in
acetonitrile; practically insoluble in water; insoluble in ether.
Piperacillin: White to off-white, crystalline powder. Very soluble in methanol; slightly soluble in
isopropyl alcohol; very slightly soluble in ethyl acetate and in water.
Piperacillin Sodium: White to off-white solid. Freely soluble in water and in alcohol.
Piperazine: White to slightly off-white lumps or flakes, having an ammoniacal odor. Soluble in
water and in alcohol; insoluble in ether.
Piperazine Adipate: White crystalline powder. Soluble in water; practically insoluble in alcohol.
Piperazine Citrate: White, crystalline powder, having not more than a slight odor. Its solution
(1 in 10) has a pH of about 5. Soluble in water; insoluble in alcohol and in ether.
Piperazine Dihydrochloride: White crystalline powder. Soluble in water.
Piperazine Phosphate: White crystalline powder. Sparingly soluble in water; practically
insoluble in alcohol.
Piroxicam: Off-white to light tan or light yellow, odorless powder. Forms a monohydrate that is
yellow. Slightly soluble in alcohol and in aqueous alkaline solutions; very slightly soluble in
water, in dilute acids, and in most organic solvents.
Plantago Seed: All varieties are practically odorless and have a bland, mucilaginous taste.
Plicamycin: Yellow, odorless, hygroscopic, crystalline powder. Freely soluble in ethyl acetate;
slightly soluble in water and in methanol; very slightly soluble in alcohol.
Podophyllum: Has a slight odor and a disagreeably bitter and acrid taste.
Podophyllum Resin: Amorphous powder, varying in color from light brown to greenish yellow,
turning darker when subjected to a temperature exceeding 25 or when exposed to light. Has a
slight, peculiar, faintly bitter taste. Its alcohol solution is acid to moistened litmus paper.
Soluble in alcohol with a slight opalescence; partially soluble in ether and in chloroform.
Change to read:
Polacrilin Potassium: White to off-white, free-flowing powder. Has a faint odor or is odorless.
Insoluble in water and in most liquids. NF category: Tablet disintegrant
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2S (NF31)

Poliovirus Vaccine Inactivated: Clear, reddish-tinged or yellowish liquid, that may have a
slight odor because of the preservative.
Poloxalene: Colorless or pale yellow liquid. Soluble in water, in chloroform, and in ethylene
dichloride.
Change to read:
Poloxamer: NF category: Wetting and/or solubilizing agent; emulsifying and/or solubilizing
agent;
emulsifying agent; lubricant. 2S (NF31)
Poloxamer 124: Colorless liquid, having a mild odor. When solidified, it melts at about 16 .
Freely soluble in water, in alcohol, in isopropyl alcohol, in propylene glycol, and in xylene.
Poloxamer 188: White, prilled or cast solid. Is odorless, or has a very mild odor. Melts at
about 52 . Freely soluble in water and in alcohol.
Poloxamer 237: White, prilled or cast solid. Is odorless, or has a very mild odor. Melts at
about 49 . Freely soluble in water and in alcohol; sparingly soluble in isopropyl alcohol and in
xylene.
Poloxamer 338: White, prilled or cast solid. Is odorless, or has a very mild odor. Melts at
about 57 . Freely soluble in water and in alcohol; sparingly soluble in propylene glycol.
Poloxamer 407: White, prilled or cast solid. Is odorless, or has a very mild odor. Melts at
about 56 . Freely soluble in water, in alcohol, and in isopropyl alcohol.
Change to read:
Polycarbophil: White to creamy white granules, having a characteristic, ester-like odor. Swells
in water to a range of volumes, depending primarily on the pH. Insoluble in water, in dilute
acids, in dilute alkalies, and in common organic solvents.
NF category: Emulsifying agent; suspending and/or viscosity-increasing agent; wet binder.
2S (USP36)

Hydrogenated Polydecene: Clear, colorless, odorless, tasteless liquid. Very slightly soluble in
water. NF category: Emollient; ointment base; solvent; vehicle (oleaginous).
Change to read:
Polydextrose: Off-white to light tan-colored solid. Very soluble in water; soluble in alcohol;
slightly soluble in glycerin and in propylene glycol. NF category: Bulking agent; humectant;
coating agent; suspending and/or viscosity-increasing agent; diluent. 2S (NF31)
Change to read:
Hydrogenated Polydextrose: Off-white to light tan-colored solid. Very soluble in water;
soluble in alcohol; slightly soluble in glycerin and in propylene glycol. NF category: Bulking
agent; coating agent; humectant; suspending and/or viscosity-increasing agent; tablet binder
wet binder. 2S (NF31)
Change to read:
Polyethylene Glycol: Polyethylene Glycol is usually designated by a number that corresponds
approximately to its average molecular weight. As the average molecular weight increases, the
water solubility, vapor pressure, hygroscopicity, and solubility in organic solvents decrease,
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while congealing temperature, specific gravity, flash point, and viscosity increase. Liquid grades
occur as clear to slightly hazy, colorless or practically colorless, slightly hygroscopic, viscous
liquids, having a slight, characteristic odor, and a specific gravity at 25 of about 1.12. Solid
grades occur as practically odorless and tasteless, white, waxy, plastic material having a
consistency similar to beeswax, or as creamy white flakes, beads, or powders. The
accompanying table states the approximate congealing temperatures that are characteristic of
commonly available grades. Liquid grades are miscible with water; solid grades are freely soluble
in water; and all are soluble in acetone, in alcohol, in chloroform, in ethylene glycol monoethyl
ether, in ethyl acetate, and in toluene; all are insoluble in ether and in hexane. NF category:
Coating agent; plasticizer; solvent; suppository base; tablet and/or capsule lubricant
lubricant; film-forming agent; ointment base; diluent. 2S (NF31)
Nominal Molecular Weight Polyethylene
Glycol
300

Approximate Congealing Temperature
( )
11

400
600
900
1000
1450
3350
4500
8000

6
20
34
38
44
56
58
60

Polyethylene Glycol Monomethyl Ether: Polyethylene Glycol Monomethyl Ether is usually
designated by a number that corresponds approximately to its average molecular weight. As
the average molecular weight increases, the water solubility, vapor pressure, hygroscopicity,
and solubility in organic solvents decrease, while congealing temperature, specific gravity, flash
point, and viscosity increase. Liquid grades occur as clear to slightly hazy, colorless or
practically colorless, slightly hygroscopic, viscous liquids, having a slight, characteristic odor,
and a specific gravity at 25 of about 1.09 – 1.10. Solid grades occur as practically odorless
and tasteless, white, waxy, plastic material having a consistency similar to beeswax, or as
creamy white flakes, beads, or powders. The accompanying table states the approximate
congealing temperatures that are characteristic of commonly available grades. Liquid grades are
miscible with water; solid grades are freely soluble in water; and all are soluble in acetone, in
alcohol, in chloroform, in ethylene glycol monoethyl ether, in ethyl acetate, and in toluene; all
are insoluble in ether and in hexane. NF category: Ointment base; solvent; plasticizer.
Nominal Molecular Weight Polyethylene
Glycol
Monomethyl Ether
350

Approximate Congealing
Temperature ( )
7

550
750
1000
2000

17
28
35
51
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5000
8000
10000

59
60
61

Change to read:
Polyethylene Oxide: Polyethylene oxide resins are high molecular weight polymers having the
common structure:
(–O–CH2CH2–)n
in which n, the degree of polymerization, varies from about 2000 to over 100,000. Polyethylene
oxide, being a polyether, strongly hydrogen, bonds with water. It is nonionic and undergoes
salting-out effects associated with neutral molecules in solutions of high dielectric media.
Salting-out effects manifest themselves in depressing the upper temperature limit of solubility,
and in reducing the viscosity of both dilute and concentrated solutions of the polymers. All
molecular weight grades are powdered or granular solids. They are soluble in water but,
because of the high solution viscosities obtained (see table), solutions over 1% in water may
be difficult to prepare. The water solubility, hygroscopicity, solubility in organic solvents, and
melting point do not vary in the specified molecular weight range. At room temperature
polyethylene oxide is miscible with water in all proportions. At concentrations of about 20%
polymer in water, the solutions are nontacky, reversible, elastic gels. At higher concentrations,
the solutions are tough, elastic materials with the water acting as a plasticizer. Polyethylene
oxide is also freely soluble in acetonitrile, in ethylene dichloride, in trichloroethylene, and in
methylene chloride. Heating may be required to obtain solutions in many other organic solvents.
It is insoluble in aliphatic hydrocarbons, in ethylene glycol, in diethylene glycol, and in glycerol.
NF category: Suspending and/or viscosity-increasing agent; tablet binder
wet binder; coating agent; release-modifying agent. 2S (NF31)
Approximate
Molecular Weight
100,000
200,000
300,000
400,000
600,000
900,000
4,000,000
5,000,000

Typical Solution Viscosity (cps), 25
5% Solution
40
100
800
3000
6000
15,000

1% Solution

3500
5500

Polyethylene 50 Stearate: NF category: Emulsifying and/or solubilizing agent.
Change to read:
Polyglyceryl 3 Diisostearate: Viscous liquid. Soluble in alcohol, in methylene chloride, in
mineral oil, and in vegetable oils; insoluble in water. NF category: Emulsifying and/or solubilizing
agent
Emulsifying agent; 2S (NF31)
ointment base.
Change to read:
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Polyglyceryl Dioleate: Viscous liquid. Soluble in methylene chloride, in mineral oil, and in
vegetable oils; sparingly soluble in alcohol; insoluble in water. NF category: Emulsifying and/or
solubilizing agent
Emulsifying agent. 2S (NF31)
Change to read:
Polyisobutylene: Low molecular-weight grades are soft and gummy; high molecular-weight
grades are tough and elastic. All grades are light in color, odorless, and tasteless. Soluble in
diisobutylene, in toluene, and in chloroform; insoluble in water.
NF category: Adhesive. 2S (NF31)
Polymyxin B Sulfate: White to buff-colored powder. Is odorless or has a faint odor. Freely
soluble in water; slightly soluble in alcohol.
Change to read:
Polyoxyl Lauryl Ether: A material with 3–5 oxyethylene units per molecule is a colorless liquid.
Soluble or dispersible in alcohol; practically insoluble in water and in hexane. A material with 9–
23 oxyethylene units per molecule is a white, waxy mass. Soluble or dispersible in water;
soluble in alcohol; practically insoluble in hexane. NF category: Emulsifying and/or solubilizing
agent
Emulsifying agent; wetting and/or solubilizing agent. 2S (NF31)
Polyoxyl Oleate: A slightly yellowish, viscous liquid. Dispersible in water and in oils. Soluble in
alcohol and in isopropyl alcohol. Miscible with fatty oils and with waxes. Its refractive index is
about 1.466.
Change to read:
Polyoxyl 10 Oleyl Ether: White, soft semisolid, or pale yellow liquid, having a bland odor.
Soluble in water and in alcohol. Dispersible in mineral oil and in propylene glycol, with possible
separation on standing. NF category: Emulsifying and/or solubilizing agent; tablet and/or
capsule lubricant
Emulsifying agent; lubricant; 2S (NF31)
wetting and/or solubilizing agent.
Change to read:
Polyoxyl 15 Hydroxystearate: Yellowish to white waxy mass. Very soluble in water; soluble in
alcohol and in 2-propanol; insoluble in mineral oil. It solidifies at 25 . NF category: Wetting
and/or solubilizing agent; vehicle (oleaginous); tablet and/or capsule lubricant
lubricant; emulsifying agent. 2S (NF31)
Change to read:
Polyoxyl 20 Cetostearyl Ether: Cream-colored, waxy, unctuous mass, melting, when heated,
to a clear brownish-yellow liquid. Soluble in water, in alcohol, and in acetone; insoluble in
solvent hexane. NF category: Wetting and/or solubilizing agent; emulsifying and/or solubilizing
agent; tablet and/or capsule lubricant
emulsifying agent; lubricant. 2S (NF31)
Change to read:
Polyoxyl 35 Castor Oil: Yellow, oily liquid, having a faint, characteristic odor and a somewhat
bitter taste. Very soluble in water, producing a practically odorless and colorless solution;
soluble in alcohol and in ethyl acetate; insoluble in mineral oils. NF category: Wetting and/or
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solubilizing agent; emulsifying and/or solubilizing agent; tablet and/or capsule lubricant
emulsifying agent; lubricant. 2S (NF31)
Change to read:
Polyoxyl 40 Hydrogenated Castor Oil: White to yellowish paste or pasty liquid, having a faint
odor and a slight taste. Very soluble in water, producing a practically tasteless, odorless, and
colorless solution; soluble in alcohol and in ethyl acetate; insoluble in mineral oils. NF category:
Wetting and/or solubilizing agent; emulsifying and/or solubilizing agent; tablet and/or capsule
lubricant
emulsifying agent; lubricant. 2S (NF31)
Change to read:
Polyoxyl 40 Stearate: Waxy, white to light tan solid. Is odorless or has a faint, fat-like odor.
Soluble in water, in alcohol, in ether, and in acetone; insoluble in mineral oil and in vegetable
oils. NF category: Wetting and/or solubilizing agent; emulsifying and/or solubilizing agent; tablet
and/or capsule lubricant
emulsifying agent; lubricant. 2S (NF31)
Change to read:
Polyoxyl Stearate: White or slightly yellowish waxy mass. Soluble in alcohol and in isopropyl
alcohol. Polyoxyl stearate corresponding to a product with 6–8 units of ethylene oxide per
molecule is soluble in fatty oils and in waxes; practically insoluble in water. Polyoxyl stearate
corresponding to a product with 20–100 units of ethylene oxide per molecule is soluble in
water; practically insoluble in fatty oils and in waxes. NF category: Emulsifying and/or
solubilizing agent
Emulsifying agent; 2S (NF31)
wetting and/or solubilizing agent.
Change to read:
Polyoxyl Stearyl Ether: A white to yellowish-white, waxy, unctuous mass, pellets,
microbeads, or flakes. Polyoxyl Stearyl Ether with 2 oxyethylene units per molecule is soluble in
alcohol, with heating, and in methylene chloride; practically insoluble in water. Polyoxyl Stearyl
Ether with 10 oxyethylene units per molecule is soluble in water and in alcohol. Polyoxyl Stearyl
Ether with 20 oxethylene units per molecule is soluble in water, in alcohol, and in methylene
chloride. After melting, it solidifies at about 45 .
NF category: Emulsifying agent; wetting and/or solubilizing agent.

2S (NF31)

Change to read:
Polysorbate 20: Lemon to amber liquid having a faint characteristic odor. Soluble in water, in
alcohol, in ethyl acetate, in methanol, and in dioxane; insoluble in mineral oil. NF category:
Wetting and/or solubilizing agent; emulsifying and/or solubilizing agent; tablet and/or capsule
lubricant
emulsifying agent; lubricant; suspending and/or viscosity-increasing agent. 2S (NF31)
Change to read:
Polysorbate 40: Yellow liquid having a faint, characteristic odor. Soluble in water and in
alcohol; insoluble in mineral oil and in vegetable oils. NF category: Wetting and/or solubilizing
agent; emulsifying and/or solubilizing agent; tablet and/or capsule lubricant
emulsifying agent; lubricant; suspending and/or viscosity-increasing agent. 2S (NF31)
Change to read:
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Polysorbate 60: Lemon- to orange-colored, oily liquid or semi-gel having a faint, characteristic
odor. Soluble in water, in ethyl acetate, and in toluene; insoluble in mineral oil and in vegetable
oils. NF category: Emulsifying and/or solubilizing agent; tablet and/or capsule lubricant
Emulsifying agent; lubricant; suspending and/or viscosity-increasing agent; 2S (NF31)
wetting and/or solubilizing agent.
Change to read:
Polysorbate 80: Lemon- to amber-colored, oily liquid having a faint, characteristic odor and a
warm, somewhat bitter taste. Very soluble in water, producing an odorless and practically
colorless solution; soluble in alcohol and in ethyl acetate; insoluble in mineral oil. NF category:
Wetting and/or solubilizing agent; emulsifying and/or solubilizing agent; tablet and/or capsule
lubricant
emulsifying agent; lubricant; suspending and/or viscosity-increasing agent. 2S (NF31)
Change to read:
Polyvinyl Acetate: White or off-white powder or colorless granules or beads. Freely soluble in
ethyl acetate; soluble in alcohol, in acetone, and in chloroform; practically insoluble in water. It
is hygroscopic and swells in water. NF category: Coating agent; desiccant; tablet binder
wet binder; film-forming agent. 2S (NF31)
Change to read:
Polyvinyl Acetate Dispersion: Opaque, white or off-white, slightly viscous liquid. Miscible with
water and with ethanol. It is sensitive to spoilage by microbial contaminants. NF category:
Coating agent;
film-forming agent; release-modifying agent. 2S (NF31)
Change to read:
Polyvinyl Acetate Phthalate: Free-flowing white powder. May have a slight odor of acetic
acid. Soluble in methanol and in alcohol; insoluble in water, in methylene chloride, and in
chloroform. NF category: Coating agent;
film-forming agent. 2S (NF31)
Change to read:
Polyvinyl Alcohol: White to cream-colored granules, or white to cream-colored powder. Is
odorless. Freely soluble in water at room temperature. Solution may be effected more rapidly at
somewhat higher temperatures. NF category: Suspending and/or viscosity-increasing agent;
coating agent; film-forming agent; polymers for ophthalmic use. 2S (USP36)
Sulfurated Potash: Irregular, liver-brown pieces when freshly made, changing to a greenish
yellow. Has an odor of hydrogen sulfide and a bitter, acrid, and alkaline taste, and decomposes
on exposure to air. A solution (1 in 10) is light brown in color and is alkaline to litmus. Freely
soluble in water, usually leaving a slight residue. Alcohol dissolves only the sulfides.
Potassium Acetate: Colorless, monoclinic crystals or white, crystalline powder having a saline
and slightly alkaline taste. Is odorless, or has a faint acetous odor. Deliquesces on exposure to
moist air. Very soluble in water; freely soluble in alcohol.
Change to read:
Potassium Alginate: White to yellow, fibrous or granular powder. Dissolves in water to form a
viscous, colloidal solution; insoluble in alcohol and in hydroalcoholic solutions in which the
alcohol content is greater than 30% by weight; insoluble in chloroform, in ether, and in acids
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2S (NF31)

Change to read:
Potassium Benzoate: White, odorless, or practically odorless, granular or crystalline powder.
Is stable in air. Freely soluble in water; soluble in 90% alcohol; sparingly soluble in alcohol. NF
category: Antimicrobial preservative;
lubricant. 2S (NF31)
Change to read:
Potassium Bicarbonate: Colorless, transparent, monoclinic prisms or as a white, granular
powder. Is odorless, and is stable in air. Its solutions are neutral or alkaline to phenolphthalein
TS. Freely soluble in water; practically insoluble in alcohol.
NF category: pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (USP36)
Potassium Bitartrate: Colorless or slightly opaque crystals, or white, crystalline powder. A
saturated solution is acid to litmus. Soluble in boiling water; slightly soluble in water; very
slightly soluble in alcohol.
Potassium Bromide: White, crystalline powder or colorless, cubical crystals. Freely soluble in
water and in glycerol; slightly soluble in alcohol.
Potassium Chloride: Colorless, elongated, prismatic, or cubical crystals, or white, granular
powder. Is odorless, has a saline taste, and is stable in air. Its solutions are neutral to litmus.
Freely soluble in water; insoluble in alcohol. NF category: Tonicity agent.
Change to read:
Potassium Citrate: Transparent crystals or white, granular powder. Is odorless, has a cooling,
saline taste, and is deliquescent when exposed to moist air. Freely soluble in water; very
slightly soluble in alcohol. NF category: Buffering agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent); chelating and/or complexing
agent. 2S (USP36)
Potassium Gluconate: White to yellowish-white, crystalline powder or granules. Is odorless,
has a slightly bitter taste, and is stable in air. Its solutions are slightly alkaline to litmus. Freely
soluble in water; practically insoluble in dehydrated alcohol, in ether, in benzene, and in
chloroform.
Change to read:
Potassium Hydroxide: White or practically white, fused masses, or small pellets, or flakes, or
sticks, or other forms. Is hard and brittle and shows a crystalline fracture. Exposed to air, it
rapidly absorbs carbon dioxide and moisture, and deliquesces. Very soluble in boiling alcohol;
freely soluble in water, in alcohol, and in glycerin. NF category: Alkalizing agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Potassium Iodide: Hexahedral crystals, either transparent and colorless or somewhat opaque
and white, or a white, granular powder. Is slightly hygroscopic. Its solutions are neutral or
alkaline to litmus. Very soluble in water and even more soluble in boiling water; freely soluble in
glycerin; soluble in alcohol.
Potassium Iodide Oral Solution: Clear, colorless, odorless liquid, having a characteristic,
strongly salty taste. Is neutral or alkaline to litmus. Specific gravity is about 1.70.
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Change to read:
Potassium Metabisulfite: White or colorless, free-flowing crystals, crystalline powder, or
granules, usually having an odor of sulfur dioxide. Gradually oxidizes in air to the sulfate. Its
solutions are acid to litmus. Soluble in water; insoluble in alcohol. NF category: Antioxidant;
antimicrobial preservative. 2S (NF31)
Change to read:
Potassium Metaphosphate: White, odorless powder. Soluble in dilute solutions of sodium
salts; insoluble in water. NF category: Buffering agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Potassium Nitrate: White, crystalline powder or colorless crystals. Very soluble in boiling
water; freely soluble in water; soluble in glycerin; practically insoluble in alcohol.
Potassium Permanganate: Dark purple crystals, almost opaque by transmitted light and of a
blue metallic luster by reflected light. Its color is sometimes modified by a dark bronze-like
appearance. Is stable in air. Freely soluble in boiling water; soluble in water.
Change to read:
Dibasic Potassium Phosphate: Colorless or white, somewhat hygroscopic, granular powder.
The pH of a solution (1 in 20) is about 8.5 to 9.6. Freely soluble in water; very slightly soluble
in alcohol. NF category: Buffering agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (USP36)
Change to read:
Monobasic Potassium Phosphate: Colorless crystals or white, granular or crystalline powder.
Is odorless, and is stable in air. The pH of a solution (1 in 100) is about 4.5. Freely soluble in
water; practically insoluble in alcohol. NF category: Buffering agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Potassium Sodium Tartrate: Colorless crystals or white, crystalline powder, having a cooling,
saline taste. As it effloresces slightly in warm, dry air, the crystals are often coated with a
white powder. Freely soluble in water; practically insoluble in alcohol.
Potassium Sorbate: White crystals or powder, having a characteristic odor. Melts at about
270 , with decomposition. Freely soluble in water; soluble in alcohol. NF category: Antimicrobial
preservative.
Change to read:
Povidone: White to slightly creamy white powder. Is hygroscopic. Freely soluble in water, in
methanol, and in alcohol; slightly soluble in acetone; practically insoluble in ether. NF category:
Suspending and/or viscosity-increasing agent; tablet binder
wet binder; polymers for ophthalmic use. 2S (USP36)
Povidone-Iodine: Yellowish-brown to reddish-brown, amorphous powder, having a slight,
characteristic odor. Its solution is acid to litmus. Soluble in water and in alcohol; practically
insoluble in chloroform, in carbon tetrachloride, in ether, in solvent hexane, and in acetone.
Povidone-Iodine Topical Aerosol Solution: The liquid obtained from Povidone-Iodine Topical
Aerosol Solution is transparent, having a reddish brown color.
Pralidoxime Chloride: White to pale-yellow, crystalline powder. Is odorless and is stable in air.
Freely soluble in water.
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Pramipexole Dihydrochloride: White to almost white crystalline powder. Freely soluble in
water; soluble in methanol; slightly soluble in alcohol; practically insoluble in methylene chloride.
Pramoxine Hydrochloride: White to practically white, crystalline powder, having a numbing
taste. May have a slight aromatic odor. The pH of a solution (1 in 100) is about 4.5. Freely
soluble in water and in alcohol; soluble in chloroform; very slightly soluble in ether.
Pravastatin Sodium: White to yellowish white, hygroscopic powder. Freely soluble in water
and in methanol; soluble in dehydrated alcohol; practically insoluble in acetonitrile and in
chloroform.
Praziquantel: White or practically white, crystalline powder; odorless or having a faint
characteristic odor. Freely soluble in alcohol and in chloroform; very slightly soluble in water.
Prazosin Hydrochloride: White to tan powder. Slightly soluble in water, in methanol, in
dimethylformamide, and in dimethylacetamide; very slightly soluble in alcohol; practically
insoluble in chloroform and in acetone.
Prednicarbate: White to almost white, crystalline powder. Freely soluble in acetone and in
alcohol; sparingly soluble in propylene glycol; practically insoluble in water.
Prednisolone: White to practically white, odorless, crystalline powder. Melts at about 235 ,
with some decomposition (see Melting Range or Temperature 741 ). Soluble in methanol and
in dioxane; sparingly soluble in acetone and in alcohol; slightly soluble in chloroform; very
slightly soluble in water.
Prednisolone Acetate: White to practically white, odorless, crystalline powder. Melts at about
235 , with some decomposition (see Melting Range or Temperature 741 ). Slightly soluble in
acetone, in alcohol, and in chloroform; practically insoluble in water.
Prednisolone Hemisuccinate: Fine, creamy white powder with friable lumps; practically
odorless. Melts at about 205 , with decomposition. Freely soluble in alcohol; soluble in acetone;
very slightly soluble in water.
Prednisolone Sodium Phosphate: White or slightly yellow, friable granules or powder. Is
odorless or has a slight odor. Is slightly hygroscopic. Freely soluble in water; soluble in
methanol; slightly soluble in alcohol and in chloroform; very slightly soluble in acetone and in
dioxane.
Prednisolone Sodium Succinate for Injection: Creamy white powder with friable lumps,
having a slight odor.
Prednisolone Tebutate: White to slightly yellow, free-flowing powder, which may show some
soft lumps. Is odorless or has not more than a moderate, characteristic odor. Is hygroscopic.
Freely soluble in chloroform and in dioxane; soluble in acetone; sparingly soluble in alcohol and
in methanol; very slightly soluble in water.
Prednisone: White to practically white, odorless, crystalline powder. Melts at about 230 , with
some decomposition (see Melting Range or Temperature 741 ). Slightly soluble in alcohol, in
chloroform, in dioxane, and in methanol; very slightly soluble in water.
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Prilocaine: White or almost white powder or crystal aggregates. Very soluble in alcohol and in
acetone; slightly soluble in water.
Prilocaine Hydrochloride: White, odorless, crystalline powder, having a bitter taste. Freely
soluble in water and in alcohol; slightly soluble in chloroform; very slightly soluble in acetone;
practically insoluble in ether.
Primaquine Phosphate: Orange-red, crystalline powder. Is odorless and has a bitter taste. Its
solutions are acid to litmus. Melts at about 200 . Soluble in water; insoluble in chloroform and in
ether.
Primidone: White, crystalline powder. Is odorless and has a slightly bitter taste. Slightly
soluble in alcohol; very slightly soluble in water and in most organic solvents.
Probucol: White to off-white, crystalline powder. Freely soluble in chloroform and in n-propyl
alcohol; soluble in alcohol and in solvent hexane; insoluble in water.
Probenecid: White or practically white, fine, crystalline powder. Is practically odorless. Soluble
in dilute alkali, in chloroform, in alcohol, and in acetone; practically insoluble in water and in
dilute acids.
Procainamide Hydrochloride: White to tan, crystalline powder. Is odorless. Its solution (1 in
10) has a pH between 5 and 6.5. Very soluble in water; soluble in alcohol; slightly soluble in
chloroform; very slightly soluble in benzene and in ether.
Procainamide Hydrochloride Injection: Colorless, or having not more than a slight yellow
color.
Procaine Hydrochloride: Small, white crystals or white, crystalline powder. Is odorless.
Exhibits local anesthetic properties when placed on the tongue. Freely soluble in water; soluble
in alcohol; slightly soluble in chloroform; practically insoluble in ether.
Procaine Hydrochloride Injection: Clear, colorless liquid.
Prochlorperazine: Clear, pale yellow, viscous liquid. Is sensitive to light. Freely soluble in
alcohol, in chloroform, and in ether; very slightly soluble in water.
Prochlorperazine Edisylate: White to very light yellow, odorless, crystalline powder. Its
solutions are acid to litmus. Freely soluble in water; very slightly soluble in alcohol; insoluble in
ether and in chloroform.
Prochlorperazine Maleate: White or pale yellow, practically odorless, crystalline powder. Its
saturated solution is acid to litmus. Slightly soluble in warm chloroform; practically insoluble in
water and in alcohol.
Procyclidine Hydrochloride: White, crystalline powder, having a moderate, characteristic
odor. Melts at about 225 , with decomposition. Soluble in water and in alcohol; insoluble in
ether and in acetone.
Progesterone: White or creamy white, odorless, crystalline powder. Is stable in air. Soluble in
alcohol, in acetone, and in dioxane; sparingly soluble in vegetable oils; practically insoluble in
water.
Proguanil Hydrochloride: White, crystalline powder. Sparingly soluble in alcohol; slightly
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soluble in water; practically insoluble in methylene chloride.
Proline: White, odorless crystals, having a slightly sweet taste. Freely soluble in water and in
absolute alcohol; insoluble in ether, in butanol, and in isopropanol.
Promazine Hydrochloride: White to slightly yellow, practically odorless, crystalline powder. It
oxidizes upon prolonged exposure to air and acquires a blue or pink color. Freely soluble in
water and in chloroform.
Promethazine Hydrochloride: White to faint yellow, practically odorless, crystalline powder.
Slowly oxidizes, and acquires a blue color, on prolonged exposure to air. Freely soluble in water,
in hot dehydrated alcohol, and in chloroform; practically insoluble in ether, in acetone, and in
ethyl acetate.
Propafenone Hydrochloride: White powder. Soluble in methanol and in hot water; slightly
soluble in alcohol and in chloroform; very slightly soluble in acetone; insoluble in diethyl ether
and in toluene.
Change to read:
Propane: Colorless, flammable gas (boiling temperature is about

42 ). One hundred volumes

of water dissolves 6.5 volumes at 17.8 and 753 mm pressure; 100 volumes of anhydrous
alcohol dissolves 790 volumes at 16.6 and 754 mm pressure; 100 volumes of ether dissolves
926 volumes at 16.6 and 757 mm pressure; 100 volumes of chloroform dissolves 1299 volumes
at 21.6 and 757 mm pressure. Vapor pressure at 21 is about 10290 mm of mercury (108
psig). NF category: Aerosol propellant
Propellant. 2S (NF31)
Propantheline Bromide: White or practically white crystals. Is odorless and has a bitter taste.
Melts at about 160 , with decomposition. Very soluble in water, in alcohol, and in chloroform;
practically insoluble in ether and in benzene.
Proparacaine Hydrochloride: White to off-white, or faintly buff-colored, odorless, crystalline
powder. Its solutions are neutral to litmus. Soluble in water, in warm alcohol, and in methanol;
insoluble in ether and in benzene.
Proparacaine Hydrochloride Ophthalmic Solution: Colorless or faint yellow solution.
Change to read:
Propionic Acid: Oily liquid having a slight pungent, rancid odor. Miscible with water and with
alcohol and various other organic solvents. NF category: Acidifying agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent); antimicrobial preservative;
antioxidant. 2S (NF31)
Propofol: Clear, colorless to slightly yellowish liquid. Very soluble in methanol and in ethanol;
slightly soluble in cyclohexane and in isopropyl alcohol; very slightly soluble in water.
Propoxycaine Hydrochloride: White, odorless, crystalline solid, which discolors on prolonged
exposure to light and air. The pH of a solution (1 in 50) is about 5.4. Freely soluble in water;
soluble in alcohol; sparingly soluble in ether; practically insoluble in acetone and in chloroform.
Propoxyphene Hydrochloride: White, crystalline powder. Is odorless, and has a bitter taste.
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Freely soluble in water; soluble in alcohol, in chloroform, and in acetone; practically insoluble in
benzene and in ether.
Propoxyphene Napsylate: White powder, having essentially no odor, but having a bitter
taste. Soluble in methanol, in alcohol, in chloroform, and in acetone; very slightly soluble in
water.
Propranolol Hydrochloride: White to off-white, crystalline powder. Is odorless and has a
bitter taste. Melts at about 164 . Soluble in water and in alcohol; slightly soluble in chloroform;
practically insoluble in ether.
Propyl Gallate: White, crystalline powder having a very slight, characteristic odor. Freely
soluble in alcohol; slightly soluble in water. NF category: Antioxidant.
Change to read:
Propylene Glycol: Clear, colorless, viscous liquid having a slight, characteristic taste. Is
practically odorless. Absorbs moisture when exposed to moist air. Miscible with water, with
acetone, and with chloroform. Soluble in ether and will dissolve many essential oils, but is
immiscible with fixed oils. NF category: Humectant; plasticizer; solvent;
antimicrobial preservative. 2S (USP36)
Change to read:
Propylene Glycol Alginate: White to yellowish fibrous or granular powder. Practically odorless
and tasteless. Soluble in water, in solutions of dilute organic acids, and, depending on the
degree of esterification, in hydroalcoholic mixture containing up to 60% by weight of alcohol to
form stable, viscous colloidal solutions at a pH of 3. NF category: Suspending and/or viscosityincreasing agent;
emulsifying agent. 2S (NF31)
Change to read:
Propylene Glycol Dicaprylate/Dicaprate: Clear, colorless or slightly yellow oily liquid at 20 .
Soluble in fatty oils and in light petroleum; slightly soluble in dehydrated alcohol; practically
insoluble in water. NF category: Emulsifying and/or solubilizing agent
Emulsifying agent; 2S (NF31)
vehicle.
Change to read:
Propylene Glycol Dilaurate: Clear, oily liquid at 20 . Colorless or slightly yellow. Very soluble in
alcohol, in methanol, and in methylene chloride; practically insoluble in water.
NF category: Emollient; emulsifying agent. 2S (NF31)
Change to read:
Propylene Glycol Monocaprylate: Clear, colorless, or slightly yellow, oily liquid at 20 . Very
soluble in alcohol, in chloroform, and in methylene chloride; practically insoluble in water. NF
category: Vehicle; emulsifying and/or solubilizing agent; tablet and/or capsule diluent
emulsifying agent; diluent. 2S (NF31)
Change to read:
Propylene Glycol Monolaurate: Clear, oily liquid at 20 . Colorless or slightly yellow. Very
soluble in alcohol, in methanol, and in methylene chloride; practically insoluble in water.
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Change to read:
Propylene Glycol Monostearate: White, wax-like solid or as white, wax-like beads or flakes.
Has a slight, agreeable, fatty odor and taste. Soluble in organic solvents such as alcohol,
mineral or fixed oils, benzene, ether, and acetone; insoluble in water, but may be dispersed in
hot water with the aid of a small amount of soap or other suitable surface-active agent. NF
category: Emulsifying and/or solubilizing agent
Emulsifying agent. 2S (NF31)
Propylhexedrine: Clear, colorless liquid, having a characteristic, amine-like odor. Volatilizes
slowly at room temperature. Absorbs carbon dioxide from the air, and its solutions are alkaline
to litmus. Boils at about 205 . Very slightly soluble in water. Miscible with alcohol, with
chloroform, and with ether.
Propyliodone: White or almost white, crystalline powder. Is odorless or has a faint odor.
Soluble in acetone, in alcohol, and in ether; practically insoluble in water.
Propylparaben: Small, colorless crystals or white powder. Freely soluble in alcohol and in
ether; slightly soluble in boiling water; very slightly soluble in water. NF category: Antimicrobial
preservative.
Propylparaben Sodium: White powder. Is odorless and hygroscopic. Freely soluble in water;
sparingly soluble in alcohol; insoluble in fixed oils. NF category: Antimicrobial preservative.
Propylthiouracil: White, powdery, crystalline substance. Is starch-like in appearance and to
the touch, and has a bitter taste. Soluble in ammonium hydroxide and in alkali hydroxides;
sparingly soluble in alcohol; slightly soluble in water, in chloroform, and in ether.
Protamine Sulfate Injection: Colorless solution, which may have the odor of a preservative.
Protamine Sulfate for Injection: White, odorless powder, having the characteristic
appearance of solids dried from the frozen state.
Protein Hydrolysate Injection: Yellowish to reddish-amber, transparent liquid.
Protriptyline Hydrochloride: White to yellowish powder. Is odorless, or has not more than a
slight odor. Melts at about 168 . Freely soluble in water, in alcohol, and in chloroform;
practically insoluble in ether.
Pseudoephedrine Hydrochloride: Fine, white to off-white crystals or powder, having a faint
characteristic odor. Very soluble in water; freely soluble in alcohol; slightly soluble in
chloroform.
Pseudoephedrine Sulfate: White crystals or crystalline powder. Is odorless. Freely soluble in
alcohol.
Change to read:
Pullulan: White powder. Freely soluble in water; practically insoluble in dehydrated alcohol. NF
category: Coating agent; plasticizer; polymer membrane; sequestering agent; suspending
and/or viscosity-increasing agent; wetting and/or solubilizing agent; bulking agent for freezedrying; tablet binder; tablet and/or capsule diluent; tablet disintegrant;
bulking agent; diluent; disintegrant; wet binder; capsule shell; film-forming agent. 2S (NF31)
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Pumice: Very light, hard, rough, porous, grayish masses or gritty, grayish powder. Is odorless
and tasteless, and is stable in air. Practically insoluble in water; is not attacked by acids.
Pyrantel Pamoate: Yellow to tan solid. Soluble in dimethyl sulfoxide; slightly soluble in
dimethylformamide; practically insoluble in water and in methanol.
Pyrazinamide: White to practically white, odorless or practically odorless, crystalline powder.
Sparingly soluble in water; slightly soluble in alcohol, in ether, and in chloroform.
Pyrethrum Extract: Pale yellow liquid having a bland, flowery odor. Soluble in mineral oil and in
most organic solvents; insoluble in water. Pyrethrins I denotes the group containing pyrethrin
1, cinerin 1, and jasmolin 1; Pyrethrins II denotes the group containing pyrethrin 2, cinerin 2,
and jasmolin 2.
Pyridostigmine Bromide: White or practically white, crystalline powder, having an agreeable,
characteristic odor. Is hygroscopic. Freely soluble in water, in alcohol, and in chloroform;
slightly soluble in solvent hexane; practically insoluble in ether.
Pyridoxine Hydrochloride: White to practically white crystals or crystalline powder. Is stable
in air, and is slowly affected by sunlight. Its solutions have a pH of about 3. Freely soluble in
water; slightly soluble in alcohol; insoluble in ether.
Pyrilamine Maleate: White, crystalline powder, usually having a faint odor. Its solutions are
acid to litmus. Very soluble in water; freely soluble in alcohol and in chloroform; slightly soluble
in ether and in benzene.
Pyrimethamine: White, odorless, crystalline powder. Slightly soluble in acetone, in alcohol,
and in chloroform; practically insoluble in water.
Pyrvinium Pamoate: Bright orange or orange-red to practically black, crystalline powder.
Freely soluble in glacial acetic acid; slightly soluble in chloroform and in methoxyethanol; very
slightly soluble in methanol; practically insoluble in water and in ether.
Pyrvinium Pamoate Oral Suspension: Dark red, opaque suspension of essentially very fine,
amorphous particles or aggregates, usually less than 10 µm in size. Larger particles, some of
which may be crystals, up to 100 µm in size also may be present.
Quazepam: Off-white to yellowish powder.
Add the following:
Quetiapine Fumarate: White to off-white crystalline powder. Slightly soluble in water, in
anhydrous alcohol, and in methanol. 1S (USP36)
Quinapril Hydrochloride: White to off-white powder, with a pink cast at times. Freely soluble
in aqueous solvents.
Quinidine Gluconate: White powder. Is odorless and has a very bitter taste. Freely soluble in
water; slightly soluble in alcohol.
Quinidine Sulfate: Fine, needle-like, white crystals, frequently cohering in masses, or fine,
white powder. Is odorless, and darkens on exposure to light. Its solutions are neutral or alkaline
to litmus. Soluble in alcohol; sparingly soluble in chloroform; slightly soluble in water; insoluble in
ether.
Quinine Sulfate: White, fine, needle-like crystals, usually lusterless, making a light and readily
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compressible mass. Is odorless. It darkens on exposure to light. Its saturated solution is neutral
or alkaline to litmus. Freely soluble in alcohol at 80 , and in a mixture of 2 volumes of chloroform
and 1 volume of dehydrated alcohol; sparingly soluble in water at 100 ; slightly soluble in
water, in alcohol, and in chloroform; very slightly soluble in ether.
Rabies Immune Globulin: Transparent or slightly opalescent liquid, practically colorless and
practically odorless. May develop a slight, granular deposit during storage.
Rabies Vaccine: White to straw-colored, amorphous pellet, which may or may not become
fragmented when shaken.
Change to read:
Racemethionine: Almost white, crystalline powder or small flakes. Sparingly soluble in water;
very slightly soluble in alcohol. It dissolves in dilute acids and in dilute solutions of alkali
hydroxides. It melts at about 270 . NF category: Antioxidant; buffering agent; flavors and
perfumes
pH modifier (acidifying agent/ alkalizing agent/ buffering agent); flavors and frangrance.
2S (NF31)

Racepinephrine: White to nearly white, crystalline, odorless powder, gradually darkening on
exposure to light and air. With acids, it forms salts that are readily soluble in water, and the
base may be recovered by the addition of ammonium hydroxide. Very slightly soluble in water
and in alcohol; insoluble in ether, in chloroform, and in fixed and volatile oils.
Racepinephrine Hydrochloride: Fine, white, odorless powder. Darkens on exposure to light
and air. Its solutions are acid to litmus. Melts at about 157 . Freely soluble in water; sparingly
soluble in alcohol.
Raloxifene Hydrochloride: Almost white to pale yellow powder. Freely soluble in
dimethylsulfoxide; sparingly soluble in methanol; slightly soluble in alcohol; very slightly soluble
in water, in isopropyl alcohol, and in octanol; practically insoluble in ether and in ethyl acetate.
Ramipril: White to almost white crystalline powder. Freely soluble in methanol; sparingly soluble
in water.
Ranitidine Hydrochloride: White to pale yellow, crystalline, practically odorless powder. Is
sensitive to light and moisture. Melts at about 140 , with decomposition. Very soluble in water;
sparingly soluble in alcohol.
Fully Hydrogenated Rapeseed Oil: White, waxy solid. Insoluble in water and in alcohol. NF
category: Coating agent; stiffening agent.
Change to read:
Superglycerinated Fully Hydrogenated Rapeseed Oil: White solid. Insoluble in water and in
alcohol. NF category: Coating agent; emulsifying and/or solubilizing agent
emulsifying agent; 2S (NF31)
stiffening agent.
Purified Rayon: White, lustrous or dull, fine, soft, filamentous fibers, appearing under the
microscope as round, oval, or slightly flattened translucent rods, straight or crimped, striate
and with serrate cross-sectional edges. Is practically odorless and practically tasteless. Very
soluble in ammoniated cupric oxide TS and in dilute sulfuric acid (3 in 5); insoluble in ordinary
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solvents.
Repaglinide: White to off-white solid. Melts at about 132 to 136 . Soluble in methanol.
Reserpine: White or pale buff to slightly yellowish, odorless, crystalline powder. Darkens slowly
on exposure to light, but more rapidly when in solution. Freely soluble in acetic acid and in
chloroform; slightly soluble in benzene; very slightly soluble in alcohol and in ether; insoluble in
water.
Resorcinol: White, or practically white, needle-shaped crystals or powder. Has a faint,
characteristic odor and a sweetish, followed by a bitter, taste. Acquires a pink tint on exposure
to light and air. Its solution (1 in 20) is neutral or acid to litmus. Freely soluble in water, in
alcohol, in glycerin, and in ether; slightly soluble in chloroform.
Ribavirin: White, crystalline powder. Freely soluble in water; slightly soluble in dehydrated
alcohol.
Riboflavin: Yellow to orange-yellow, crystalline powder having a slight odor. Melts at about
280 . Its saturated solution is neutral to litmus. When dry, it is not appreciably affected by
diffused light, but when in solution, light induces quite rapid deterioration, especially in the
presence of alkalies. Soluble in dilute solutions of alkalies; very slightly soluble in water, in
alcohol, and in isotonic sodium chloride solution; insoluble in ether and in chloroform.
Riboflavin 5¢ -Phosphate Sodium: Fine, orange-yellow, crystalline powder, having a slight
odor. Sparingly soluble in water. When dry, it is not affected by diffused light, but when in
solution, light induces deterioration rapidly. Is hygroscopic.
Rifabutin: Amorphous red-violet powder. Soluble in chloroform and in methanol; sparingly
soluble in alcohol; very slightly soluble in water.
Rifampin: Red-brown, crystalline powder. Freely soluble in chloroform; soluble in ethyl acetate
and in methanol; very slightly soluble in water.
Riluzole: White to slightly yellow powder or crystalline powder. Freely soluble in acetonitrile, in
alcohol, and in methylene chloride; slightly soluble in hexane; very slightly soluble in water.
Rimexolone: White to off-white powder. Freely soluble in chloroform; sparingly soluble in
methanol.
Risedronate Sodium: White to off-white powder. Soluble in water and in aqueous solutions;
insoluble in common organic solvents.
Risperidone: White or almost white powder. Soluble in methylene chloride; sparingly soluble in
alcohol; practically insoluble in water.
Ritodrine Hydrochloride: White to nearly white, odorless or practically odorless, crystalline
powder. Melts at about 200 . Freely soluble in water and in alcohol; soluble in n-propyl alcohol;
practically insoluble in ether.
Ritonavir: White to light tan powder. Freely soluble in methanol and in methylene chloride; very
slightly soluble in acetonitrile; practically insoluble in water.
Rivastigmine Tartrate: White to off-white powder. Very soluble in water and in methanol;
very slightly soluble in ethyl acetate.
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Rizatriptan Benzoate: White to almost white crystalline powder. Soluble in water; sparingly
soluble in alcohol; slightly soluble in methylene chloride.
Rocuronium Bromide: Almost white or pale yellow. Slightly hygroscopic powder. Freely soluble
in water and in dehydrated alcohol.
Ropinirole Hydrochloride: Pale cream to yellow powder. Soluble in water.
Ropivacaine Hydrochloride: White, crystalline powder. Soluble in water.
Change to read:
Rose Oil: Colorless or yellow liquid, having the characteristic odor and taste of rose. At 25 is a
viscous liquid. Upon gradual cooling, changes to a translucent, crystalline mass, easily liquefied
by warming. NF category: Flavors and perfumes
Flavors and fragrance. 2S (NF31)
Rose Water Ointment: NF category: Ointment base.
Change to read:
Stronger Rose Water: Practically colorless and clear, having the pleasant odor and taste of
fresh rose blossoms. Is free from empyreuma, mustiness, and fungal growths. NF category:
Flavors and perfumes
Flavors and fragrance. 2S (NF31)
Add the following:
Rosiglitazone Maleate: White to off-white solid. Soluble in alcohol and in a buffered aqueous
solution with a pH of 2.3. USP36
Roxarsone: Pale yellow, crystalline powder. Freely soluble in acetic acid, in acetone, in
alkalies, in methanol, and in dehydrated alcohol; soluble in boiling water; sparingly soluble in
dilute mineral acids; slightly soluble in cold water; insoluble in ether and in ethyl acetate. Puffs
up and deflagrates on heating.
Rubella Virus Vaccine Live: Solid having the characteristic appearance of substances dried
from the frozen state. Undergoes loss of potency on exposure to sunlight. The Vaccine is to be
constituted with a suitable diluent just prior to use.
Add the following:
Rufinamide: White, crystalline neutral powder. Slightly soluble in tetrahydrofuran and in
methanol; very slightly soluble in alcohol and in acetonitrile; practically insoluble in water.
USP36

Saccharin: White crystals or white, crystalline powder. Is odorless or has a faint, aromatic
odor. In dilute solution, it is intensely sweet. Its solutions are acid to litmus. Soluble in boiling
water; sparingly soluble in alcohol; slightly soluble in water, in chloroform, and in ether. Is
readily dissolved by dilute solutions of ammonia, by solutions of alkali hydroxides, and by
solutions of alkali carbonates with the evolution of carbon dioxide. NF category: Sweetening
agent.
Saccharin Calcium: White crystals or white, crystalline powder. Is odorless, or has a faint,
aromatic odor, and has an intensely sweet taste even in dilute solutions. Its dilute solution is
about 300 times as sweet as sucrose. Freely soluble in water. NF category: Sweetening agent.
Saccharin Sodium: White crystals or white, crystalline powder. Is odorless, or has a faint,
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aromatic odor, and has an intensely sweet taste even in dilute solutions. Its dilute solution is
about 300 times as sweet as sucrose. When in powdered form, it usually contains about onethird the theoretical amount of water of hydration as a result of efflorescence. Freely soluble in
water; sparingly soluble in alcohol. NF category: Sweetening agent.
Saccharin Sodium Oral Solution: Clear, colorless, odorless liquid, having a sweet taste.
Change to read:
Safflower Oil: Light yellow oil. Thickens and becomes rancid on prolonged exposure to air.
Insoluble in water. Miscible with ether and with chloroform. NF category: Vehicle (oleaginous);
emollient; solvent. 2S (USP36)
Salicylamide: White, practically odorless, crystalline powder. Freely soluble in ether and in
solutions of alkalies; soluble in alcohol and in propylene glycol; slightly soluble in water and in
chloroform.
Salicylic Acid: White crystals, usually in fine needles, or fluffy, white, crystalline powder. Has a
sweetish, followed by an acrid, taste and is stable in air. The synthetic form is white and
odorless. When prepared from natural methyl salicylate, it may have a slightly yellow or pink
tint, and a faint, mint-like odor. Freely soluble in alcohol and in ether; soluble in boiling water;
sparingly soluble in chloroform; slightly soluble in water and in benzene.
Salmeterol Xinafoate: White to off-white powder. Soluble in methanol; slightly soluble in
alcohol, in isopropanol, and in chloroform; practically insoluble in water (pH 8), and in saline
solution (0.9% w/w).
Scopolamine Hydrobromide: Colorless or white crystals or white, granular powder. Melts at
about 197 , with decomposition. Is odorless, and slightly efflorescent in dry air. Freely soluble
in water; soluble in alcohol; slightly soluble in chloroform; insoluble in ether.
Secobarbital: White, amorphous or crystalline, odorless powder, having a slightly bitter taste.
Its saturated solution has a pH of about 5.6. Freely soluble in alcohol, in ether, and in solutions
of fixed alkali hydroxides and carbonates; soluble in chloroform; very slightly soluble in water.
Secobarbital Sodium: White powder. Is odorless, has a bitter taste, and is hygroscopic. Its
solutions decompose on standing, heat accelerating the decomposition. Very soluble in water;
soluble in alcohol; practically insoluble in ether.
Selegiline Hydrochloride: White, odorless, crystalline powder. Freely soluble in water, in
chloroform, and in methanol.
Selenium Sulfide: Reddish-brown to bright orange powder, having not more than a faint odor.
Practically insoluble in water and in organic solvents.
Sennosides: Brownish powder.
Serine: White, odorless crystals, having a sweet taste. Soluble in water; practically insoluble in
absolute alcohol and in ether.
Change to read:
Sertraline Hydrochloride: White or off-white crystalline powder.
Sparingly 2S (USP35)
soluble in absolute alcohol; slightly soluble in water, in acetone, and in isopropanol.
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Sesame Oil: Pale yellow, oily liquid. Is practically odorless, and has a bland taste. Slightly
soluble in alcohol. Miscible with ether, with chloroform, with solvent hexane, and with carbon
disulfide. NF category: Solvent, vehicle (oleaginous).
Sevoflurane: Clear, colorless, volatile, nonflammable liquid. Slightly soluble in water. Miscible
with alcohol, with chloroform, and with ether.
Change to read:
Shellac: Orange Shellac—Thin, hard, brittle, transparent, pale lemon-yellow to brownish orange
flakes, having little or no odor; Bleached Shellac—Opaque, amorphous cream to yellow granules
or coarse powder, having little or no odor. Soluble (very slowly) in alcohol, 85% to 95% (w/w),
in ether, 13% to 15%, in benzene, 10% to 20%, in petroleum ether, 2% to 6%; soluble in
aqueous solutions of ethanolamines, alkalies, and borax; sparingly soluble in oil of turpentine;
insoluble in water. NF category: Coating agent;
film-forming agent; release-modifying agent. 2S (NF31)
Sibutramine Hydrochloride Monohydrate: White to cream crystalline powder. Slightly soluble
in pH 5.2 water.
Add the following:
Sildenafil Citrate: White or almost white slightly hygroscopic crystalline powder. Slightly
soluble in water and in methanol; practically insoluble in hexane. 2S (USP35)
Dental-Type Silica: Fine, white, hygroscopic, odorless, amorphous powder, in which the
diameter of the average particles ranges between 0.5 and 40 µm. Soluble in hot solutions of
alkali hydroxides; insoluble in water, in alcohol, and in acid (except hydrofluoric acid). NF
category: Glidant and/or anticaking agent; suspending and/or viscosity-increasing agent.
Hydrophobic Colloidal Silica: Light, fine, white or almost white, amorphous powder, not
wettable by water. Dissolves slowly in hot solutions of alkali hydroxides. Practically insoluble in
water and in mineral acids, except hydrofluoric acid. NF category: Glidant and/or anticaking
agent; suspending and/or viscosity-increasing agent.
Purified Siliceous Earth: Very fine, white, light gray, or pale buff mixture of amorphous powder
and lesser amounts of crystalline polymorphs, including quartz and cristobalite. Is gritty, readily
absorbs moisture, and retains about four times its weight of water without becoming fluid.
Insoluble in water, in acids, and in dilute solutions of the alkali hydroxides. NF category:
Filtering aid; sorbent.
Silicon Dioxide: Fine, white, hygroscopic, odorless, amorphous powder, in which the diameter
of the average particles ranges between 2 and 10 µm. Soluble in hot solutions of alkali
hydroxides; insoluble in water, in alcohol, and in other organic solvents. NF category:
Desiccant; suspending and/or viscosity-increasing agent.
Change to read:
Colloidal Silicon Dioxide: Light, white, nongritty powder of extremely fine particle size (about
15 nm). Soluble in hot solutions of alkali hydroxides; insoluble in water and in acid (except
hydrofluoric). NF category: Glidant and/or anticaking agent; suspending and/or viscosityincreasing agent;
disintegrant. 2S (NF31)
Silver Nitrate: Colorless or white crystals. The pH of its solutions is about 5.5. On exposure to

PF 38(5): Sep.-Oct. 2012

290

light in the presence of organic matter, it becomes gray or grayish black. Very soluble in water
and even more so in boiling water; freely soluble in boiling alcohol; sparingly soluble in alcohol;
slightly soluble in ether.
Toughened Silver Nitrate: White, crystalline masses generally molded as pencils or cones. It
breaks with a fibrous fracture. Its solutions are neutral to litmus. It becomes gray or grayish
black upon exposure to light. Soluble in water to the extent of its nitrate content (there is
always a residue of silver chloride); partially soluble in alcohol; slightly soluble in ether.
Change to read:
Simethicone: Translucent, gray, viscous fluid. The liquid phase is soluble in chloroform, in
ether, and in benzene, but silicon dioxide remains as a residue in these solvents. Insoluble in
water and in alcohol. NF category: Antifoaming agent; water-repelling agent;
diluent. 2S (USP36)
Simvastatin: White to off-white powder. Freely soluble in chloroform, in methanol, and in
alcohol; sparingly soluble in propylene glycol; very slightly soluble in hexane; practically
insoluble in water.
Smallpox Vaccine: Liquid Vaccine is a turbid, whitish to greenish suspension, which may have
a slight odor due to the antimicrobial agent. Dried Vaccine is a yellow to grayish pellet, which
may or may not become fragmented when shaken.
Soda Lime: White or grayish-white granules. May have a color if an indicator has been added.
NF category: Sorbent, carbon dioxide.
Change to read:
Sodium Acetate: Colorless, transparent crystals, or white, granular crystalline powder, or
white flakes. Is odorless or has a faint acetous odor, and has a slightly bitter, saline taste. Is
efflorescent in warm, dry air. Very soluble in water; soluble in alcohol. NF category: Buffering
agent
Flavors and fragrance; pH modifier (acidifying agent/ alkalizing agent/ buffering agent);
antimicrobial preservative; transfer liquid. 2S (USP36)
Change to read:
Sodium Alginate: Practically odorless and tasteless, coarse or fine powder, yellowish white in
color. Soluble in water, forming a viscous, colloidal solution; insoluble in alcohol and in
hydroalcoholic solutions in which the alcohol content is greater than about 30% by weight, in
chloroform, in ether, and in acids when the pH of the resulting solution becomes lower than
about 3. NF category: Suspending and/or viscosity-increasing agent;
film-forming agent; release-modifying agent; disintegrant; wet binder. 2S (NF31)
Change to read:
Sodium Ascorbate: White or very faintly yellow crystals or crystalline powder. Is odorless or
practically odorless. Is relatively stable in air. On exposure to light it gradually darkens. Freely
soluble in water; very slightly soluble in alcohol; insoluble in chloroform and in ether.
NF category: Antioxidant. 2S (USP36)
Change to read:
Sodium Benzoate: White, odorless or practically odorless, granular or crystalline powder. Is
stable in air. Freely soluble in water; soluble in 90% alcohol; sparingly soluble in alcohol. NF
category: Antimicrobial preservative;
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2S (NF31)

Change to read:
Sodium Bicarbonate: White, crystalline powder. Is stable in dry air, but slowly decomposes in
moist air. Its solutions, when freshly prepared with cold water, without shaking, are alkaline to
litmus. The alkalinity increases as the solutions stand, as they are agitated, or as they are
heated. Soluble in water; insoluble in alcohol. NF category: Alkalizing agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Sodium Bisulfite: White, crystalline powder. Freely soluble in cold water and in hot water;
sparingly soluble in alcohol. NF category: Antioxidant.
Change to read:
Sodium Borate: Colorless, transparent crystals or white, crystalline powder. Is odorless. Its
solutions are alkaline to phenolphthalein TS. As it effloresces in warm, dry air, the crystals are
often coated with white powder. Freely soluble in boiling water and in glycerin; soluble in
water; insoluble in alcohol. NF category: Alkalizing agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent); antimicrobial preservative;
emulsifying agent. 2S (NF31)
Sodium Bromide: White, crystalline powder or colorless, cubical crystals. Freely soluble in
water; soluble in alcohol.
Sodium Butyrate: Clear, colorless, hygroscopic powder. Soluble in water and in methanol.
Melting range is about 250 to 253 .
Sodium Caprylate: A white, crystalline powder. Very soluble or freely soluble in water; freely
soluble in acetic acid; sparingly soluble in alcohol; practically insoluble in acetone.
Change to read:
Sodium Carbonate: Colorless crystals, or white, crystalline powder or granules. Is stable in air
under ordinary conditions. When exposed to dry air above 50 , the hydrous salt effloresces
and, at 100 , becomes anhydrous. Very soluble in boiling water; freely soluble in water. NF
category: Alkalizing agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Change to read:
Sodium Cetostearyl Sulfate: A white or pale yellow, amorphous or crystalline powder. Soluble
in hot water giving an opalescent solution; slightly soluble in alcohol; practically insoluble in
cold water.
NF category: Emulsifying agent. 2S (NF31)
Change to read:
Sodium Chloride: Colorless, cubic crystals or white crystalline powder. Has a saline taste.
Freely soluble in water; soluble in glycerin; slightly soluble in alcohol. NF category: Tonicity
agent;
diluent. 2S (USP36)
Sodium Chloride Inhalation Solution: Clear, colorless solution.
Change to read:
Bacteriostatic Sodium Chloride Injection: Clear, colorless solution, odorless or having the
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odor of the bacteriostatic substance. NF category: Vehicle (sterile).
Sodium Chloride Irrigation: Clear, colorless solution.
Sodium Citrate: Colorless crystals, or white, crystalline powder. Hydrous form very soluble in
boiling water; freely soluble in water; insoluble in alcohol. NF category: Buffering agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent); sequestering agent; transfer
ligand. 2S (USP36)
Sodium Citrate and Citric Acid Oral Solution: Clear solution having the color of any added
preservative or flavoring agents.
Sodium Dehydroacetate: White or practically white, odorless powder, having a slight
characteristic taste. Freely soluble in water, in propylene glycol, and in glycerin. NF category:
Antimicrobial preservative.
Sodium Fluoride: White, odorless powder. Soluble in water; insoluble in alcohol.
Sodium Formaldehyde Sulfoxylate: White crystals or hard, white masses, having the
characteristic odor of garlic. Freely soluble in water; slightly soluble in alcohol, in ether, in
chloroform, and in benzene. NF category: Antioxidant.
Change to read:
Sodium Hydroxide: White, or practically white, fused masses, in small pellets, in flakes, or
sticks, and in other forms. Is hard and brittle and shows a crystalline fracture. Exposed to the
air, it rapidly absorbs carbon dioxide and moisture. Freely soluble in water and in alcohol. NF
category: Alkalizing agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Sodium Hypochlorite Solution: Clear, pale greenish-yellow liquid, having the odor of chlorine.
Is affected by light.
Sodium Iodide: Colorless, odorless crystals, or white, crystalline powder. Is deliquescent in
moist air, and develops a brown tint upon decomposition. Very soluble in water; freely soluble in
alcohol and in glycerin.
Change to read:
Sodium Lactate Solution: Clear, colorless or practically colorless, slightly viscous liquid,
odorless or having a slight, not unpleasant odor. Miscible with water. NF category: Buffering
agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent); antimicrobial preservative;
humectant; flavors and fragrance. 2S (USP36)
Change to read:
Sodium Lauryl Sulfate: Small, white or light yellow crystals having a slight, characteristic
odor. Freely soluble in water, forming an opalescent solution. NF category: Emulsifying and/or
solubilizing agent; tablet and/or capsule lubricant
Emulsifying agent; lubricant; 2S (NF31)
wetting and/or solubilizing agent.
Change to read:
Sodium Metabisulfite: White crystals or white to yellowish, crystalline powder, having the
odor of sulfur dioxide. Freely soluble in water and in glycerin; slightly soluble in alcohol. NF
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Sodium Monofluorophosphate: White to slightly gray, odorless powder. Freely soluble in
water.
Sodium Nitrite: White to slightly yellow, granular powder, or white or practically white,
opaque, fused masses or sticks. Has a mild, saline taste and is deliquescent in air. Its solutions
are alkaline to litmus. Freely soluble in water; sparingly soluble in alcohol.
Sodium Nitrite Injection: Clear, colorless liquid.
Sodium Nitroprusside: Reddish-brown, practically odorless, crystals or powder. Freely soluble
in water; slightly soluble in alcohol; very slightly soluble in chloroform; insoluble in benzene.
Change to read:
Dibasic Sodium Phosphate ( dried ): White powder that readily absorbs moisture. Freely
soluble in water; insoluble in alcohol. NF category: Buffering agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent); chelating and/or complexing
agent. 2S (USP36)
Dibasic Sodium Phosphate ( heptahydrate ): Colorless or white, granular or caked salt.
Effloresces in warm, dry air. Its solutions are alkaline to phenolphthalein TS, a 0.1 M solution
having a pH of about 9. Freely soluble in water; very slightly soluble in alcohol. NF category:
Buffering agent.
Change to read:
Monobasic Sodium Phosphate: Colorless crystals or white, crystalline powder. Is odorless and
is slightly deliquescent. Its solutions are acid to litmus and effervesce with sodium carbonate.
Freely soluble in water; practically insoluble in alcohol. NF category: Buffering agent
pH Modifier (acidifying agent/ alkalizing agent/ buffering agent); chelating and/or complexing
agent. 2S (USP36)
Tribasic Sodium Phosphate: The formula for a crystalline material is approximately
4(Na3PO4·12H2O)NaOH. It occurs as white, odorless crystals or granules or as a crystalline
powder. Freely soluble in water; insoluble in alcohol. The pH of a 1 in 100 solution is between
11.5 and 12.0.
Sodium Polystyrene Sulfonate: Golden brown, fine powder. Is odorless and has a
characteristic taste. Insoluble in water.
Sodium Propionate: Colorless, transparent crystals or granular, crystalline powder. Is
odorless, or has a faint acetic-butyric odor and is deliquescent in moist air. Very soluble in
water; soluble in alcohol. NF category: Antimicrobial preservative.
Sodium Salicylate: Amorphous or microcrystalline powder or scales. Is colorless, or has not
more than a faint, pink tinge. Is odorless, or has a faint, characteristic odor, and is affected by
light. A freshly made solution (1 in 10) is neutral or acid to litmus. Very soluble in boiling water
and in boiling alcohol; freely (and slowly) soluble in water and in glycerin; slowly soluble in
alcohol.
Change to read:
Sodium Starch Glycolate: White, tasteless, odorless, relatively free-flowing powder; available
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in several different viscosity grades. A 2% (w/v) dispersion in cold water settles, on standing,
in the form of a highly hydrated layer. NF category: Tablet disintegrant
Disintegrant. 2S (NF31)
Change to read:
Sodium Stearate: Fine, white powder, soapy to the touch, usually having a slight, tallow-like
odor. Is affected by light. Its solutions are alkaline to phenolphthalein TS. Slowly soluble in cold
water and in cold alcohol; readily soluble in hot water and in hot alcohol. NF category:
Emulsifying and/or solubilizing agent
Emulsifying agent; glidant and/or anticaking agent; stiffening agent; lubricant. 2S (NF31)
Change to read:
Sodium Stearyl Fumarate: Fine, white powder. Slightly soluble in methanol; practically
insoluble in water. NF category: Tablet and/or capsule lubricant
Lubricant. 2S (NF31)
Sodium Sulfate: Large, colorless, odorless, transparent crystals, or a granular powder.
Effloresces rapidly in air, liquefies in its water of hydration at about 33 , and loses all of its
water of hydration at about 100 . Freely soluble in water; soluble in glycerin; insoluble in
alcohol.
Change to read:
Sodium Sulfite: Colorless crystals. Freely soluble in water; very slightly soluble in alcohol. NF
category: Antioxidant;
antimicrobial preservative. 2S (NF31)
Change to read:
Sodium Tartrate: Transparent, colorless, odorless crystals. Freely soluble in water; insoluble in
alcohol. NF category: Sequestering agent;
transfer ligand. 2S (USP36)
Sodium Thiosulfate: Large, colorless crystals or coarse, crystalline powder. Is deliquescent in
moist air and effloresces in dry air at temperatures exceeding 33 . Its solutions are neutral or
faintly alkaline to litmus. Very soluble in water; insoluble in alcohol. NF category: Antioxidant.
Sorbic Acid: Free-flowing, white, crystalline powder, having a characteristic odor. Soluble in
alcohol and in ether; slightly soluble in water. NF category: Antimicrobial preservative.
Change to read:
Sorbitan Monolaurate: Yellow to amber-colored, oily liquid, having a bland, characteristic
odor. Soluble in mineral oil; slightly soluble in cottonseed oil and in ethyl acetate; insoluble in
water. NF category: Emulsifying and/or solubilizing agent; tablet and/or capsule lubricant;
Emulsifying agent; lubricant; suspending and/or viscosity-increasing agent; 2S (NF31)
wetting and/or solubilizing agent.
Change to read:
Sorbitan Monooleate: Viscous, yellow to amber-colored, oily liquid, having a bland,
characteristic odor. Insoluble in water and in propylene glycol. Miscible with mineral and
vegetable oils. NF category: Emulsifying and/or solubilizing agent; tablet and/or capsule
lubricant;
Emulsifying agent; lubricant; suspending and/or viscosity-increasing agent; 2S (NF31)

PF 38(5): Sep.-Oct. 2012

295

wetting and/or solubilizing agent.
Change to read:
Sorbitan Monopalmitate: Cream-colored, waxy solid having a faint fatty odor. Soluble in warm
absolute alcohol; soluble, with haze, in warm peanut oil and in warm mineral oil; insoluble in
water. NF category: Emulsifying and/or solubilizing agent; tablet and/or capsule lubricant;
Emulsifying agent; lubricant; suspending and/or viscosity-increasing agent; 2S (NF31)
wetting and/or solubilizing agent.
Change to read:
Sorbitan Monostearate: Cream-colored to tan, hard, waxy solid, having a bland odor and
taste. Soluble, with haze, above 50 in mineral oil and in ethyl acetate; insoluble in cold water
and in acetone. Dispersible in warm water. NF category: Emulsifying and/or solubilizing agent;
tablet and/or capsule lubricant;
Emulsifying agent; lubricant; suspending and/or viscosity-increasing agent; 2S (NF31)
wetting and/or solubilizing agent.
Change to read:
Sorbitan Sesquioleate: Viscous, yellow to amber-colored, oily liquid. Soluble in alcohol, in
isopropyl alcohol, in cottonseed oil, and in mineral oil; insoluble in water and in propylene glycol.
NF category: Emulsifying and/or solubilizing agent; tablet and/or capsule lubricant;
Emulsifying agent; lubricant; suspending and/or viscosity-increasing agent; 2S (NF31)
wetting and/or solubilizing agent.
Change to read:
Sorbitan Trioleate: Yellow to amber-colored, oily liquid. Soluble in methyl alcohol, in alcohol, in
isopropyl alcohol, in corn oil, in cottonseed oil, and in mineral oil; insoluble in water, in ethylene
glycol, and in propylene glycol. NF category: Emulsifying and/or solubilizing agent; tablet and/or
capsule lubricant;
Emulsifying agent; lubricant; suspending and/or viscosity-increasing agent; 2S (NF31)
wetting and/or solubilizing agent.
Change to read:
Sorbitol: d-Sorbitol occurs as white granules, powder, or crystalline masses. Is odorless, and
has a sweet taste with a cold sensation. Very soluble in water; sparingly soluble in alcohol; and
practically insoluble in ethyl ether. Is hygroscopic. NF category: Humectant; sweetening agent;
tablet and/or capsule diluent
diluent; plasticizer. 2S (NF31)
Sorbitol Solution: Clear, colorless, syrupy liquid. Is odorless and has a sweet taste. It
sometimes separates into crystalline masses. Miscible with water, with alcohol, with glycerin,
and with propylene glycol. Is neutral to litmus. NF category: Sweetening agent; vehicle
(flavored and/or sweetened).
Sorbitol Sorbitan Solution: A clear, colorless to pale yellow, syrupy liquid. Is odorless and has
a sweet taste. Insoluble in mineral oil and in vegetable oil. Miscible with water, with alcohol,
with glycerin, and with propylene glycol. NF category: Humectant; plasticizer.
Sotalol Hydrochloride: White to off-white powder. Freely soluble in water; soluble in alcohol;
very slightly soluble in chloroform.
Change to read:
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Soybean Oil: Clear, pale yellow, oily liquid having a characteristic odor and taste. Insoluble in
water. Miscible with ether and with chloroform. Specific gravity
0.922. Refractive index
solvent. 2S (USP36)

841 : between 0.916 and

831 : between 1.465 and 1.475. NF category: Vehicle (oleaginous);

Hydrogenated Soybean Oil: A white mass or powder that melts to a clear, pale yellow liquid
when heated. Freely soluble in methylene chloride, in hexane after heating, and in toluene; very
slightly soluble in alcohol; practically insoluble in water. NF category: Emollient.
Spectinomycin Hydrochloride: White to pale-buff crystalline powder. Freely soluble in water;
practically insoluble in alcohol, in chloroform, and in ether.
Spironolactone: Light cream-colored to light tan, crystalline powder. Has a faint to mild
mercaptan-like odor; is stable in air. Freely soluble in benzene and in chloroform; soluble in
ethyl acetate and in alcohol; slightly soluble in methanol and in fixed oils; practically insoluble in
water.
Squalane: Colorless, practically odorless transparent oil. Slightly soluble in acetone; very
slightly soluble in absolute alcohol; insoluble in water. Miscible with ether and with chloroform.
NF category: Ointment base; vehicle (oleaginous).
Change to read:
Stannous Chloride: White, crystalline powder or colorless crystals, efflorescent in air. Freely
soluble in water (the solution becomes cloudy after standing or on dilution) and in alcohol.
Dissolves in dilute hydrochloric acid. NF category: Emulsifying agent; antioxidant;
reducing agent. 2S (NF31)
Change to read:
Stannous Fluoride: White, crystalline powder, having a bitter, salty taste. Melts at about 213
. Freely soluble in water; practically insoluble in alcohol, in ether, and in chloroform.
NF category: Reducing agent. 2S (USP36)
Stanozolol: Odorless, crystalline powder, occurring in two forms: as needles, melting at about
155 , and as prisms, melting at about 235 . Soluble in dimethylformamide; sparingly soluble in
alcohol and in chloroform; slightly soluble in ethyl acetate and in acetone; very slightly soluble
in benzene; insoluble in water.
Delete the following:
Starch:Irregular, angular, white masses or fine powder. Is odorless, and has a slight,
characteristic taste. Insoluble in cold water and in alcohol. NF category: Tablet and/or capsule
diluent; tablet disintegrant; tablet and/or capsule lubricant. 2S (NF31)
Change to read:
Corn Starch: Irregular, angular, white masses or fine powder. Is odorless, and has a slight,
characteristic taste. Insoluble in cold water and in alcohol. NF category: Tablet and/or capsule
diluent; tablet disintegrant; tablet binder
Diluent; disintegrant; wet binder; 2S (NF31)
suspending and/or viscosity-increasing agent.
Change to read:
Hydroxypropyl Corn Starch: White or slightly yellowish powder. Practically insoluble in cold
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water and in alcohol. NF category: Tablet binder; tablet and/or capsule diluent; tablet
disintegrant
Diluent; disintegrant; wet binder; emulsifying agent; 2S (NF31)
suspending and/or viscosity-increasing agent.
Change to read:
Pregelatinized Hydroxypropyl Corn Starch: White or slightly yellowish powder. It swells in
water and produces a clear or translucent, viscous, colloidal mixture. NF category: Suspending
and/or viscosity-increasing agent; tablet binder; tablet and/or capsule diluent; tablet
disintegrant.
diluent; disintegrant; wet binder; emulsifying agent. 2S (NF31)
Change to read:
Pea Starch: White or almost white, very fine powder. Practically insoluble in cold water and in
alcohol. NF category: Suspending and/or viscosity-increasing agent; tablet binder; tablet
and/or capsule diluent; tablet disintegrant
diluent; disintegrant; wet binder. 2S (NF31)
Change to read:
Hydroxypropyl Pea Starch: White or slightly yellowish powder. Practically insoluble in cold
water and in alcohol. NF category: Suspending and/or viscosity-increasing agent; tablet
binder; tablet and/or capsule diluent; tablet disintegrant
diluent; disintegrant; wet binder; emulsifying agent. 2S (NF31)
Add the following:
Pregelatinized Hydroxypropyl Pea Starch: White or slightly yellowish powder. It swells in
water and produces a clear or translucent, viscous, colloidal mixture. NF category: Suspending
and/or viscosity-increasing agent; tablet binder; tablet and/or capsule diluent; tablet
disintegrant
wet binder; diluent; disintegrant. 2S (NF31)
2S (NF30)

Change to read:
Potato Starch: Irregular, angular, white masses or fine powder. Is odorless, and has a slight,
characteristic taste. Insoluble in cold water and in alcohol. NF category: Suspending and/or
viscosity-increasing agent; tablet binder; tablet and/or capsule diluent; tablet disintegrant
diluent; disintegrant; wet binder. 2S (NF31)
Change to read:
Hydroxypropyl Potato Starch: White or slightly yellowish powder. Practically insoluble in cold
water and in alcohol. NF category: Suspending and/or viscosity-increasing agent; tablet
binder; tablet and/or capsule diluent; tablet disintegrant
diluent; disintegrant; wet binder; emulsifying agent. 2S (NF31)
Change to read:
Pregelatinized Hydroxypropyl Potato Starch: White or slightly yellowish powder. It swells in
water and produces a clear or translucent, viscous, colloidal mixture. NF category: Suspending
and/or viscosity-increasing agent; tablet binder; tablet and/or capsule diluent; tablet
disintegrant
wet binder; diluent; disintegrant. 2S (NF31)
Change to read:
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Pregelatinized Starch: Moderately coarse to fine, white to off-white powder. Is odorless and
has a slight, characteristic taste. Slightly soluble to soluble in cold water; insoluble in alcohol.
NF category: Tablet binder; tablet and/or capsule diluent; tablet disintegrant
Wet binder; diluent; disintegrant; release-modifying agent. 2S (NF31)
Change to read:
Pregelatinized Modified Starch: Moderately coarse to fine, white to off-white powder. Is
odorless and has a slight, characteristic taste. Soluble to slightly soluble in cold water;
insoluble in alcohol. NF category: Tablet binder; tablet and/or capsule diluent; tablet
disintegrant
Coating agent; diluent; disintegrant; wet binder; release-modifying agent. 2S (NF31)
Change to read:
Tapioca Starch: Irregular, angular, white to pale yellow masses or fine powder. Insoluble in
cold water and in alcohol. NF category: Suspending and/or viscosity-increasing agent; tablet
binder; tablet and/or capsule diluent; tablet disintegrant
diluent; disintegrant; wet binder. 2S (NF31)
Change to read:
Wheat Starch: Irregular, angular, white masses or fine powder. Is odorless and has a slight,
characteristic taste. Insoluble in cold water and in alcohol. NF category: Suspending and/or
viscosity-increasing agent; tablet and/or capsule diluent; tablet disintegrant; tablet binder
diluent; disintegrant; wet binder. 2S (NF31)
Change to read:
Hydrogenated Starch Hydrolysate: Concentrated, aqueous solution or spray-dried or dried
powder. Very soluble in water; insoluble in alcohol. NF category: Sweetening agent;
humectant; tablet binder; tablet and/or capsule diluent
diluent; wet binder. 2S (NF31)
Stavudine: White to off-white, crystalline powder. Soluble in water, in dimethylacetamide, and
in dimethyl sulfoxide; sparingly soluble in methanol, in alcohol, and in acetonitrile; slightly
soluble in dichloromethane; insoluble in hexane.
Change to read:
Stearic Acid: Hard, white or faintly yellowish, somewhat glossy and crystalline solid, or white or
yellowish-white powder. Its odor and taste are slight, suggesting tallow. Freely soluble in
chloroform and in ether; soluble in alcohol; practically insoluble in water. NF category:
Emulsifying and/or solubilizing agent; tablet and/or capsule lubricant
Emulsifying agent; lubricant. 2S (NF31)
Change to read:
Purified Stearic Acid: Hard, white or faintly yellowish, somewhat glossy and crystalline solid, or
white or yellowish-white powder. Its odor and taste are slight, suggesting tallow. Freely soluble
in chloroform and in ether; soluble in alcohol; practically insoluble in water. NF category: Tablet
and/or capsule lubricant
Lubricant. 2S (NF31)
Change to read:
Stearoyl Polyoxylglycerides: Pale yellow, waxy solids. Dispersible in warm water and in warm
paraffin. Freely soluble in methylene chloride; soluble in warm methanol. NF category: Ointment
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Stearyl Alcohol: Unctuous, white flakes or granules. Has a faint, characteristic odor and a
bland, mild taste. Soluble in alcohol and in ether; insoluble in water. NF category: Stiffening
agent.
Storax: Semiliquid, grayish to grayish-brown, sticky, opaque mass depositing on standing a
heavy dark brown layer (Levant Storax); or semisolid, sometimes a solid mass, softened by
gently warming (American Storax). Is transparent in thin layers, has a characteristic odor and
taste, and is more dense than water. Soluble, usually incompletely, in an equal weight of warm
alcohol, in acetone, in carbon disulfide, and in ether, some insoluble residue usually remaining;
insoluble in water.
Streptomycin Sulfate: White or practically white powder. Is odorless or has not more than a
faint odor. Is hygroscopic, but is stable in air and on exposure to light. Its solutions are acid to
practically neutral to litmus. Freely soluble in water; very slightly soluble in alcohol; practically
insoluble in chloroform.
Streptomycin Sulfate Injection: Clear, colorless to yellow, viscous liquid. Is odorless or has a
slight odor.
Strontium Chloride: Colorless, odorless crystals or white granules. Effloresces in air;
deliquesces in moist air. Very soluble in water; soluble in alcohol.
Change to read:
Succinic Acid: White, odorless crystals. Freely soluble in boiling water; soluble in water, in
alcohol, and in glycerin. NF category: Buffering agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Succinylcholine Chloride: White, odorless, crystalline powder. Its solutions have a pH of
about 4. The dihydrate form melts at about 160 ; the anhydrous form melts at about 190 , and
is hygroscopic. Freely soluble in water; slightly soluble in alcohol and in chloroform; practically
insoluble in ether.
Sucralose: White to off-white, crystalline powder. Freely soluble in water, in methanol, and in
alcohol; slightly soluble in ethyl acetate. NF category: Sweetening agent.
Change to read:
Sucrose: White, crystalline powder or lustrous, dry, colorless or white crystals. Very soluble in
water; slightly soluble in alcohol; practically insoluble in dehydrated alcohol. NF category:
Coating agent; sweetening agent; tablet and/or capsule diluent
diluent; suspending and/or viscosity-increasing agent; wet binder. 2S (NF31)
Change to read:
Sucrose Palmitate: White or almost white, unctuous powder. Sparingly soluble in ethanol
(96%); very slightly soluble in water. NF category: Suspending and/or viscosity-increasing
agent;
emulsifying agent. 2S (NF31)
Sucrose Octaacetate: White, practically odorless powder, having an intensely bitter taste. Is
hygroscopic. Very soluble in methanol and in chloroform; soluble in alcohol and in ether; very
slightly soluble in water. NF category: Alcohol denaturant.
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Change to read:
Sucrose Stearate: White or almost white, unctuous powder. Sparingly soluble in ethanol
(96%); very slightly soluble in water. NF category: Tablet and/or capsule lubricant; emulsifying
and/or solubilizing agent
Emulsifying agent; lubricant. 2S (NF31)
Sufentanil Citrate: White powder. Freely soluble in methanol; soluble in water; sparingly
soluble in acetone, in alcohol, and in chloroform. Melts between 133 and 140 .
Change to read:
Compressible Sugar: Practically white, crystalline, odorless powder, having a sweet taste. Is
stable in air. The sucrose portion of Compressible Sugar is very soluble in water. NF category:
Sweetening agent; tablet and/or capsule diluent
diluent. 2S (NF31)
Change to read:
Confectioner's Sugar: Fine, white, odorless powder, having a sweet taste. Is stable in air.
The sucrose portion of Confectioner's Sugar is soluble in cold water. Confectioner's Sugar is
freely soluble in boiling water. NF category: Sweetening agent; tablet and/or capsule diluent
diluent; coating agent. 2S (NF31)
Change to read:
Sugar Spheres: Hard, brittle, free-flowing, spherical masses ranging generally in size from 10to 60-mesh. Usually white, but may be colored. Solubility in water varies according to the
sugar-to-starch ratio. NF category: Vehicle (solid carrier);
diluent. 2S (NF31)
Sulbactam Sodium: White to off-white, crystalline powder. Freely soluble in water and in
dilute acid; sparingly soluble in acetone, in ethyl acetate, and in chloroform.
Sulconazole Nitrate: White to off-white, crystalline powder. Melts at about 130 , with
decomposition. Freely soluble in pyridine; sparingly soluble in methanol; slightly soluble in
alcohol, in chloroform, in acetone, and in methylene chloride; very slightly soluble in water, in
toluene, and in dioxane.
Sulfabenzamide: Fine, white, practically odorless powder. Soluble in alcohol, in acetone, and
in sodium hydroxide TS; insoluble in water and in ether.
Sulfacetamide: White, crystalline powder, odorless and having a characteristic sour taste. Its
aqueous solutions are sensitive to light, and are unstable when acidic or strongly alkaline.
Freely soluble in dilute mineral acids and in solutions of potassium and sodium hydroxides;
soluble in alcohol; slightly soluble in water and in ether; very slightly soluble in chloroform;
practically insoluble in benzene.
Sulfacetamide Sodium: White, crystalline powder. Is odorless and has a bitter taste. Freely
soluble in water; sparingly soluble in alcohol; practically insoluble in chloroform and in ether.
Sulfadiazine: White or slightly yellow powder. Is odorless or nearly odorless and is stable in air,
but slowly darkens on exposure to light. Freely soluble in dilute mineral acids, in solutions of
potassium and sodium hydroxides, and in ammonia TS; sparingly soluble in alcohol and in
acetone; slightly soluble in human serum at 37 ; practically insoluble in water.
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Silver Sulfadiazine: White to creamy-white, crystalline powder, odorless to having a slight
odor. Is stable in air, but turns yellow on exposure to light. Freely soluble in 30% ammonium
solution; slightly soluble in acetone; practically insoluble in alcohol, in chloroform, and in ether.
Decomposes in moderately strong mineral acids.
Sulfadiazine Sodium: White powder. On prolonged exposure to humid air it absorbs carbon
dioxide with the liberation of sulfadiazine and becomes incompletely soluble in water. Its
solutions are alkaline to phenolphthalein. Is affected by light. Freely soluble in water; slightly
soluble in alcohol.
Sulfadimethoxine: Practically white, crystalline powder. Soluble in 2 N sodium hydroxide;
sparingly soluble in 2 N hydrochloric acid; slightly soluble in alcohol, in ether, in chloroform, and
in hexane; practically insoluble in water.
Sulfamethazine: White to yellowish-white powder, which may darken on exposure to light. Has
a slightly bitter taste and is practically odorless. Soluble in acetone; slightly soluble in alcohol;
very slightly soluble in water and in ether.
Sulfamethizole: White crystals or powder, having a slightly bitter taste. Is practically
odorless, and has no odor of hydrogen sulfide. Freely soluble in solutions of ammonium,
potassium, and sodium hydroxides; soluble in dilute mineral acids and in acetone; sparingly
soluble in alcohol; very slightly soluble in water, in chloroform, and in ether; practically insoluble
in benzene.
Sulfamethoxazole: White to off-white, practically odorless, crystalline powder. Freely soluble
in acetone and in dilute solutions of sodium hydroxide; sparingly soluble in alcohol; practically
insoluble in water, in ether, and in chloroform.
Sulfapyridine: White or faintly yellowish-white crystals, granules, or powder. Is odorless or
practically odorless, and is stable in air, but slowly darkens on exposure to light. Freely soluble
in dilute mineral acids and in solutions of potassium and sodium hydroxides; sparingly soluble in
acetone; slightly soluble in alcohol; very slightly soluble in water.
Sulfasalazine: Bright yellow or brownish-yellow, odorless, fine powder. Melts at about 255 ,
with decomposition. Soluble in aqueous solutions of alkali hydroxides; very slightly soluble in
alcohol; practically insoluble in water, in ether, in chloroform, and in benzene.
Sulfathiazole: Fine, white or faintly yellowish-white, practically odorless powder. Soluble in
acetone, in dilute mineral acids, in solutions of alkali hydroxides, and in 6 N ammonium
hydroxide; slightly soluble in alcohol; very slightly soluble in water.
Sulfinpyrazone: White to off-white powder. Soluble in alcohol and in acetone; sparingly
soluble in dilute alkali; practically insoluble in water and in solvent hexane.
Sulfisoxazole: White to slightly yellowish, odorless, crystalline powder. Soluble in boiling
alcohol and in 3 N hydrochloric acid; very slightly soluble in water.
Sulfisoxazole Acetyl: White or slightly yellow, crystalline powder. Sparingly soluble in
chloroform; slightly soluble in alcohol; practically insoluble in water.
Precipitated Sulfur: Very fine, pale yellow, amorphous or microcrystalline powder. Is odorless
and tasteless. Very soluble in carbon disulfide; slightly soluble in olive oil; very slightly soluble in
alcohol; practically insoluble in water.

PF 38(5): Sep.-Oct. 2012

302

Sublimed Sulfur: Fine, yellow, crystalline powder, having a faint odor and taste. Sparingly
soluble in olive oil; practically insoluble in water and in alcohol.
Change to read:
Sulfur Dioxide: Colorless, nonflammable gas, possessing a strong, suffocating odor
characteristic of burning sulfur. Under pressure, it condenses readily to a colorless liquid that
boils at 10 and has a density of approximately 1.5. At 20 and at standard pressure,
approximately 36 volumes dissolve in 1 volume of water and approximately 114 volumes dissolve
in 1 volume of alcohol. Soluble also in ether and in chloroform. NF category: Antioxidant;
antimicrobial preservative. 2S (NF31)
Change to read:
Sulfuric Acid: Clear, colorless, oily liquid. Miscible with water and with alcohol with the
generation of much heat. Is very caustic and corrosive. Specific gravity is about 1.84. NF
category: Acidifying agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Sulindac: Yellow, crystalline powder, which is odorless or practically so. Slightly soluble in
methanol, in alcohol, in acetone, and in chloroform; very slightly soluble in isopropanol and in
ethyl acetate; practically insoluble in hexane and in water.
Sulisobenzone: Light tan powder, with a melting point of about 145 . Freely soluble in
methanol, in alcohol, and in water; sparingly soluble in ethyl acetate.
Sumatriptan: White to pale yellow powder. Very slightly soluble in water.
Sumatriptan Succinate: White or almost white powder. Freely soluble in water; sparingly
soluble in methanol; practically insoluble in methylene chloride.
Suprofen: White to off-white powder, odorless to having a slight odor. Sparingly soluble in
water.
Change to read:
Syrup: NF category: Sweetening agent; tablet binder; vehicle (flavored and/or sweetened)
wet binder; vehicle. 2S (NF31)
Tacrine Hydrochloride: White powder. Freely soluble in water, in 0.1 N hydrochloric acid, in pH
4.0 acetate buffer, in phosphate buffer (pH between 7.0 and 7.4), in methanol, in
dimethylsulfoxide, in alcohol, and in propylene glycol; sparingly soluble in linoleic acid and in
polyethylene glycol 400.
Add the following:
Tadalafil: White or almost white powder. Freely soluble in dimethyl sulfoxide; slightly soluble in
methylene chloride; practically insoluble in water. USP36
Tagatose: White or almost white crystals, having a sweet taste. Very soluble in water; very
slightly soluble in alcohol. NF category: Sweetening agent; humectant.
Change to read:
Talc: Very fine, white or grayish-white, crystalline powder. Is unctuous, adheres readily to the
skin, and is free from grittiness. NF category: Glidant and/or anticaking agent; tablet and/or
capsule lubricant
lubricant; diluent. 2S (USP36)
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Tamoxifen Citrate: White, fine, crystalline powder. Soluble in methanol; very slightly soluble in
water, in acetone, in chloroform, and in alcohol. Melts at about 142 , with decomposition.
Tamsulosin Hydrochloride: White or almost white crystalline powder. Melts with
decomposition at approximately 230 . Freely soluble in formic acid; sparingly soluble in
methanol; slightly soluble in water and in dehydrated alcohol; practically insoluble in ether.
Tannic Acid: Amorphous powder, glistening scales, or spongy masses, varying in color from
yellowish-white to light brown. Is odorless or has a faint, characteristic odor, and has a
strongly astringent taste. Very soluble in water, in acetone, and in alcohol; freely soluble in
diluted alcohol; slightly soluble in dehydrated alcohol; practically insoluble in benzene, in
chloroform, in ether, and in solvent hexane; 1 g dissolves in about 1 mL of warm glycerin.
Change to read:
Tartaric Acid: Colorless or translucent crystals or white, fine to granular, crystalline powder. Is
odorless, has an acid taste, and is stable in air. Very soluble in water; freely soluble in alcohol.
NF category: Acidifying agent
pH modifier (acidifying agent/ alkalizing agent/ buffering agent); flavors and fragrance;
sequestering agent. 2S (NF31)
Taurine: White crystals or crystalline powder. Soluble in water.
Tazobactam: White to pale yellow, nonhygroscopic, crystalline powder. Soluble in
dimethylformamide; slightly soluble in water, in methanol, in acetone, and in alcohol; very
slightly soluble in ethyl acetate, in ethyl ether, and in chloroform; insoluble in hexane.
Technetium Tc 99m Aggregated Albumin Injection: Milky suspension, from which particles
settle upon standing.
Technetium Tc 99m Pentetate Injection: Clear, colorless solution.
Sodium Pertechnetate Tc 99m Injection: Clear, colorless solution.
Technetium Tc 99m (Pyro- and trimeta-) Phosphates Injection: Clear solution.
Technetium Tc 99m Sulfur Colloid Injection: Colloidal dispersion. Slightly opalescent,
colorless to light tan liquid.
Telmisartan: White or slightly yellowish, crystalline powder. Sparingly soluble in methylene
chloride; slightly soluble in methanol; practically insoluble in water. It dissolves in 1 M sodium
hydroxide.
Temazepam: White or nearly white, crystalline powder. Sparingly soluble in alcohol; very
slightly soluble in water. Melts between 157 and 163 , within a 3 range.
Add the following:
Temozolomide: White to light pink/light tan powder. Soluble in dimethyl sulfoxide; sparingly
soluble in water; practically insoluble in toluene. USP35
Terazosin Hydrochloride: White to pale yellow, crystalline powder. Freely soluble in isotonic
saline solution; soluble in methanol and in water; slightly soluble in alcohol and in 0.1 N
hydrochloric acid; very slightly soluble in chloroform; practically insoluble in acetone and in
hexanes.
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Terbinafine Hydrochloride: White or off-white powder. Freely soluble in dehydrated alcohol
and in methanol; slightly soluble in acetone; very slightly or slightly soluble in water.
Terbutaline Sulfate: White to gray-white, crystalline powder. Is odorless or has a faint odor of
acetic acid. Soluble in water and in 0.1 N hydrochloric acid; slightly soluble in methanol;
insoluble in chloroform.
Terconazole: White to off-white powder. Freely soluble in methylene chloride; soluble in
acetone; sparingly soluble in alcohol; practically insoluble in water. It exhibits polymorphism.
Terpin Hydrate: Colorless, lustrous crystals or white powder. Has a slight odor, and effloresces
in dry air. A hot solution (1 in 100) is neutral to litmus. When dried in vacuum at 60 for 2
hours, it melts at about 103 . Very soluble in boiling alcohol; soluble in alcohol; sparingly soluble
in boiling water; slightly soluble in water, in chloroform, and in ether.
Testolactone: White to off-white, practically odorless, crystalline powder. Melts at about 218
. Soluble in alcohol and in chloroform; slightly soluble in water and in benzyl alcohol; insoluble in
ether and in solvent hexane.
Testosterone: White or slightly creamy white crystals or crystalline powder. Is odorless, and is
stable in air. Freely soluble in dehydrated alcohol and in chloroform; soluble in dioxane and in
vegetable oils; slightly soluble in ether; practically insoluble in water.
Testosterone Cypionate: White or creamy white, crystalline powder. Is odorless or has a
slight odor, and is stable in air. Freely soluble in alcohol, in chloroform, in dioxane, and in ether;
soluble in vegetable oils; insoluble in water.
Testosterone Enanthate: White or creamy white, crystalline powder. Is odorless or has a faint
odor characteristic of heptanoic acid. Very soluble in ether; soluble in vegetable oils; insoluble
in water.
Testosterone Propionate: White or creamy white crystals or crystalline powder. Is odorless
and is stable in air. Freely soluble in alcohol, in dioxane, in ether, and in other organic solvents;
soluble in vegetable oils; insoluble in water.
Tetanus Immune Globulin: Transparent or slightly opalescent liquid, practically colorless and
practically odorless. May develop a slight granular deposit during storage.
Tetanus Toxoid: Clear, colorless to brownish-yellow, or slightly turbid liquid, free from evident
clumps or particles, having a characteristic odor or an odor of formaldehyde.
Tetanus Toxoid Adsorbed: Turbid, white, slightly gray, or slightly pink suspension, free from
evident clumps after shaking.
Tetanus and Diphtheria Toxoids Adsorbed for Adult Use: Turbid, white, slightly gray, or
cream-colored suspension, free from evident clumps after shaking.
Tetracaine: White or light yellow, waxy solid. Soluble in alcohol, in ether, in benzene, and in
chloroform; very slightly soluble in water.
Tetracaine Hydrochloride: Fine, white, crystalline, odorless powder. Has a slightly bitter taste
followed by a sense of numbness. Its solutions are neutral to litmus. Melts at about 148 , or
may occur in either of two other polymorphic modifications that melt at about 134 and 139 ,
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respectively. Mixtures of the forms may melt within the range of 134 to 147 . Is hygroscopic.
Very soluble in water; soluble in alcohol; insoluble in ether and in benzene.
Tetracycline: Yellow, odorless, crystalline powder. Is stable in air, but exposure to strong
sunlight causes it to darken. It loses potency in solutions of pH below 2, and is rapidly
destroyed by alkali hydroxide solutions. Freely soluble in dilute acid and in alkali hydroxide
solutions; sparingly soluble in alcohol; very slightly soluble in water; practically insoluble in
chloroform and in ether.
Tetracycline Hydrochloride: Yellow, odorless, crystalline powder. Is moderately hygroscopic.
Is stable in air, but exposure to strong sunlight in moist air causes it to darken. It loses
potency in solution at a pH below 2, and is rapidly destroyed by alkali hydroxide solutions.
Soluble in water and in solutions of alkali hydroxides and carbonates; slightly soluble in alcohol;
practically insoluble in chloroform and in ether.
Tetrahydrozoline Hydrochloride: White, odorless solid. Melts at about 256 , with
decomposition. Freely soluble in water and in alcohol; very slightly soluble in chloroform;
practically insoluble in ether.
Thalidomide: White to off-white powder. Very soluble in dimethylformamide, in dioxane, and in
pyridine; sparingly soluble in acetone, in butyl acetate, in ethanol, in ethyl acetate, in glacial
acetic acid, in methanol, and in water; practically insoluble in benzene, in chloroform, and in
ether.
Theophylline: White, odorless, crystalline powder, having a bitter taste. Is stable in air. Freely
soluble in solutions of alkali hydroxides and in ammonia; sparingly soluble in alcohol, in
chloroform, and in ether; slightly soluble in water, but more soluble in hot water.
Theophylline Sodium Glycinate: White, crystalline powder having a slight ammoniacal odor
and a bitter taste. Freely soluble in water; very slightly soluble in alcohol; practically insoluble
in chloroform.
Thiabendazole: White to practically white, odorless or practically odorless powder. Slightly
soluble in acetone and in alcohol; very slightly soluble in chloroform and in ether; practically
insoluble in water.
Thiacetarsamide: White to yellowish, crystalline powder. Soluble in warm dehydrated alcohol
and in warm methanol; sparingly soluble in cold dehydrated alcohol, in cold methanol, and in
cold water; more soluble in water above 90 ; insoluble in warm isopropyl alcohol. pKa is 4.
Thiamine Hydrochloride: White crystals or crystalline powder, usually having a slight,
characteristic odor. When exposed to air, the anhydrous product rapidly absorbs about 4% of
water. Melts at about 248 , with some decomposition. Freely soluble in water; soluble in
glycerin; slightly soluble in alcohol; insoluble in ether and in benzene.
Thiamine Mononitrate: White crystals or crystalline powder, usually having a slight,
characteristic odor. Sparingly soluble in water; slightly soluble in alcohol; very slightly soluble in
chloroform.
Thiethylperazine Maleate: Yellowish, granular powder. Is odorless or has not more than a
slight odor. Melts at about 183 , with decomposition. Slightly soluble in methanol; practically
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insoluble in water and in chloroform.
Thimerosal: Light cream-colored, crystalline powder, having a slight characteristic odor. Is
affected by light. The pH of a solution (1 in 100) is about 6.7. Freely soluble in water; soluble in
alcohol; practically insoluble in ether. NF category: Antimicrobial preservative.
Thimerosal Topical Solution: Clear liquid, having a slight characteristic odor. Is affected by
light.
Thimerosal Tincture: Transparent, mobile liquid, having the characteristic odor of alcohol and
acetone. Is affected by light.
Thioguanine: Pale yellow, odorless or practically odorless, crystalline powder. Freely soluble in
dilute solutions of alkali hydroxides; insoluble in water, in alcohol, and in chloroform.
Thiopental Sodium: White to off-white, crystalline powder, or yellowish-white to pale
greenish-yellow, hygroscopic powder. May have a disagreeable odor. Its solutions are alkaline
to litmus. Its solutions decompose on standing, and on boiling precipitation occurs. Soluble in
water and in alcohol; insoluble in benzene, in absolute ether, and in solvent hexane.
Thiopental Sodium for Injection: White to off-white, crystalline powder, or yellowish-white to
pale greenish-yellow, hygroscopic powder. May have a disagreeable odor. Its solutions are
alkaline to litmus. Its solutions decompose on standing, and on boiling precipitation occurs.
Thioridazine: White to slightly yellow, crystalline or micronized powder, odorless or having a
faint odor. Very soluble in chloroform; freely soluble in dehydrated alcohol and in ether;
practically insoluble in water.
Thioridazine Hydrochloride: White to slightly yellow, granular powder, having a faint odor and
a very bitter taste. Freely soluble in water, in methanol, and in chloroform; insoluble in ether.
Thiostrepton: White to off-white, crystalline solid. Soluble in glacial acetic acid, in chloroform,
in dimethylformamide, in dimethyl sulfoxide, in dioxane, and in pyridine; practically insoluble in
water, in the lower alcohols, in nonpolar organic solvents, and in dilute aqueous acids or alkali.
Thiotepa: Fine, white, crystalline flakes, having a faint odor. Freely soluble in water, in alcohol,
in chloroform, and in ether.
Thiotepa for Injection: White powder.
Thiothixene: White to tan, practically odorless crystals. Is affected by light. Very soluble in
chloroform; slightly soluble in methanol and in acetone; practically insoluble in water.
Thiothixene Hydrochloride: White, or practically white, crystalline powder, having a slight
odor. Is affected by light. Soluble in water; slightly soluble in chloroform; practically insoluble in
benzene, in acetone, and in ether.
Threonine: White, odorless crystals, having a slightly sweet taste. Freely soluble in water;
insoluble in absolute alcohol, in ether, and in chloroform.
Thrombin: White to grayish, amorphous substance dried from the frozen state.
Change to read:
Thymol: Colorless, often large, crystals, or white, crystalline powder, having an aromatic,
thyme-like odor and a pungent taste. Is affected by light. Its alcohol solution is neutral to
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litmus. Freely soluble in alcohol, in chloroform, in ether, and in olive oil; soluble in glacial acetic
acid and in fixed and volatile oils; very slightly soluble in water. NF category: Antimicrobial
preservative; flavors and perfumes
flavors and fragrance; antioxidant. 2S (NF31)
Thyroid: Yellowish to buff-colored, amorphous powder, having a slight, characteristic, meatlike odor and a saline taste.
Tiagabine Hydrochloride: White to off-white powder. Freely soluble in methanol and in
alcohol; soluble in isopropanol; very slightly soluble in chloroform; sparingly soluble in water;
practically insoluble in n-heptane.
Tiamulin: A sticky, translucent yellowish mass, slightly hygroscopic. Very soluble in
dichloromethane; freely soluble in dehydrated alcohol; practically insoluble in water.
Ticarcillin Disodium: White to pale yellow powder, or white to pale yellow solid. Freely soluble
in water.
Ticlopidine: White or almost white crystalline powder. Sparingly soluble in water and in alcohol;
very slightly soluble in ethyl acetate.
Tiletamine Hydrochloride: White to off-white, crystalline powder. Freely soluble in water and
in 0.1 N hydrochloric acid; soluble in methanol; slightly soluble in chloroform; practically
insoluble in ether.
Tilmicosin: White to off-white, amorphous solid. Slightly soluble in water and in n-hexane.
Timolol Maleate: White to practically white, odorless or practically odorless powder. Soluble in
water, in alcohol, and in methanol; sparingly soluble in chloroform and in propylene glycol;
insoluble in ether and in cyclohexane.
Tinidazole: Almost white or pale yellow, crystalline powder. Soluble in acetone and in
methylene chloride; sparingly soluble in methanol; practically insoluble in water.
Titanium Dioxide: White, odorless, tasteless powder. Its 1 in 10 suspension in water is neutral
to litmus. Insoluble in water, in hydrochloric acid, in nitric acid, and in 2 N sulfuric acid.
Dissolves in hydrofluoric acid and in hot sulfuric acid. Is rendered soluble by fusion with
potassium bisulfate or with alkali carbonates or hydroxides. NF category: Coating agent.
Tizanidine Hydrochloride: Almost white to slightly yellow, crystalline powder. Slightly soluble
in water and in methanol.
Tobramycin: White to off-white, hygroscopic powder. Freely soluble in water; very slightly
soluble in alcohol; practically insoluble in chloroform and in ether.
Tobramycin Sulfate Injection: Clear, colorless solution.
Tocainide Hydrochloride: Fine, white, odorless powder. Freely soluble in water and in alcohol;
practically insoluble in chloroform and in ether.
Tocopherol: Clear, colorless to yellow, yellowish-brown, or greenish-yellow, viscous oil. Is
odorless. Soluble in oils, in fats, in acetone, in alcohol, in chloroform, in ether, and in alcohol;
insoluble in water. NF category: Antioxidant.
Tocopherols Excipient: Brownish-red to red, clear, viscous oil, having a mild, characteristic
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odor and taste. May show a slight separation of waxlike constituents in microcrystalline form.
Oxidizes and darkens slowly in air and on exposure to light, particularly in alkaline media. Soluble
in alcohol; insoluble in water. Miscible with acetone, with chloroform, with ether, and with
vegetable oils. NF category: Antioxidant.
Tolazamide: White to off-white, crystalline powder, odorless or having a slight odor. Melts
with decomposition in the approximate range of 161 to 173 . Freely soluble in chloroform;
soluble in acetone; slightly soluble in alcohol; very slightly soluble in water.
Tolazoline Hydrochloride: White to off-white, crystalline powder. Its solutions are slightly
acid to litmus. Freely soluble in water and in alcohol.
Tolbutamide: White, or practically white, crystalline powder. Is slightly bitter and practically
odorless. Soluble in alcohol and in chloroform; practically insoluble in water.
Tolbutamide Sodium: White to off-white, practically odorless, crystalline powder, having a
slightly bitter taste. Freely soluble in water; soluble in alcohol and in chloroform; very slightly
soluble in ether.
Tolcapone: Yellow, fine powder or fine powder with lumps. Freely soluble in acetone and in
tetrahydrofuran; soluble in methanol and in ethyl acetate; sparingly soluble in chloroform and in
dichloromethane; insoluble in water and in n-hexane.
Tolmetin Sodium: Light yellow to light orange, crystalline powder. Freely soluble in water and
in methanol; slightly soluble in alcohol; very slightly soluble in chloroform.
Tolnaftate: White to creamy white, fine powder, having a slight odor. Freely soluble in acetone
and in chloroform; sparingly soluble in ether; slightly soluble in alcohol; practically insoluble in
water.
Tolu Balsam: Brown or yellowish-brown, plastic solid, transparent in thin layers and brittle
when old, dried, or exposed to cold temperatures. Has a pleasant, aromatic odor resembling
that of vanilla, and a mild, aromatic taste. Soluble in alcohol, in chloroform, and in ether,
sometimes with slight residue or turbidity; practically insoluble in water and in solvent hexane.
NF category: Flavors and perfumes.
Topiramate: White to off-white powder. Freely soluble in dichloromethane.
Torsemide: White to off-white, crystalline powder. Slightly soluble in 0.1 N sodium hydroxide,
in 0.1 N hydrochloric acid, in alcohol, and in methanol; very slightly soluble in acetone and in
chloroform; practically insoluble in water and in ether.
Tragacanth: Is odorless, and has an insipid, mucilaginous taste. NF category: Suspending
and/or viscosity-increasing agent.
Tramadol Hydrochloride: White, crystalline powder. Freely soluble in water and in methanol;
very slightly soluble in acetone.
Trandalopril: White or almost white powder. Freely soluble in methylene chloride; sparingly
soluble in absolute alcohol; practically insoluble in water.
Tranexamic Acid: White, crystalline powder. Freely soluble in water and in glacial acetic acid;
practically insoluble in acetone and in alcohol.
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Tranylcypromine Sulfate: White or almost white crystalline powder. Freely soluble in water;
very slightly soluble in alcohol and in ether; practically insoluble in chloroform.
Travoprost: Clear, colorless, viscous oil. Insoluble in water.
Trazodone Hydrochloride: White to off-white, crystalline powder. Sparingly soluble in
chloroform and in water. Melts between 231 and 234 when the melting point determination is
carried out in an evacuated capillary tube; otherwise melts with decomposition over a broad
range below 230 .
Change to read:
Trehalose: White, odorless, nonhygroscopic crystalline powder. Soluble in water, solubility
increases with temperature; practically insoluble in dehydrated alcohol. Trehalose is typically
used in the dihydrate form. NF category: Bulking agent for freeze drying; sweetening agent;
tablet binder; tablet and/or capsule diluent; tablet disintegrant; vehicle (flavored and/or
sweetened)
Bulking agent; sweetening agent; diluent; disintegrant; wet binder; vehicle. 2S (NF31)
Tretinoin: Yellow to light-orange, crystalline powder. Slightly soluble in alcohol, in chloroform,
and in methanol; insoluble in water.
Change to read:
Triacetin: Colorless, somewhat oily liquid having a slight, fatty odor and a bitter taste. Soluble
in water; slightly soluble in carbon disulfide. Miscible with alcohol, with ether, and with
chloroform. NF category: Plasticizer;
humectant; solvent. 2S (USP36)
Triamcinolone: White or practically white, odorless, crystalline powder. Slightly soluble in
alcohol and in methanol; very slightly soluble in water, in chloroform, and in ether.
Triamcinolone Acetonide: White to cream-colored, crystalline powder, having not more than
a slight odor. Sparingly soluble in dehydrated alcohol, in chloroform, and in methanol; practically
insoluble in water.
Triamcinolone Diacetate: Fine, white to off-white, crystalline powder, having not more than a
slight odor. Soluble in chloroform; sparingly soluble in alcohol and in methanol; slightly soluble in
ether; practically insoluble in water.
Triamcinolone Hexacetonide: White to cream-colored powder. Soluble in chloroform; slightly
soluble in methanol; practically insoluble in water.
Triamterene: Yellow, odorless, crystalline powder. Soluble in formic acid; sparingly soluble in
methoxyethanol; very slightly soluble in acetic acid, in alcohol, and in dilute mineral acids;
practically insoluble in water, in benzene, in chloroform, in ether, and in dilute alkali hydroxides.
Triazolam: White to off-white, practically odorless, crystalline powder. Soluble in chloroform;
slightly soluble in alcohol; practically insoluble in ether and in water.
Tributyl Citrate: Clear, practically colorless, oily liquid. Freely soluble in alcohol, in isopropyl
alcohol, in acetone, and in toluene; insoluble in water. NF category: Plasticizer.
Trichlorfon: White crystalline powder. Very soluble in methylene chloride; freely soluble in
acetone, in alcohol, in benzene, in chloroform, in ether, and in water; very slightly soluble in
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hexane and in pentane. Decomposed by alkali. Melts at about 78 with decomposition.
Trichlormethiazide: White or practically white, crystalline powder. Is odorless, or has a slight
characteristic odor. Melts at about 274 , with decomposition. Freely soluble in acetone; soluble
in methanol; sparingly soluble in alcohol; very slightly soluble in water, in ether, and in
chloroform.
Change to read:
Trichloromonofluoromethane: Clear, colorless gas, having a faint, ethereal odor. Its vapor
pressure at 25 is about 796 mm of mercury (1 psig). NF category: Aerosol propellant
Propellant. 2S (NF31)
Triclosan: Fine, whitish, crystalline powder. Melts at about 57 . Soluble in methanol, in alcohol,
and in acetone; slightly soluble in hexane; practically insoluble in water.
Trientine Hydrochloride: White to pale yellow, crystalline powder. Melts at about 117 . Freely
soluble in water; soluble in methanol; slightly soluble in alcohol; insoluble in chloroform and in
ether.
Change to read:
Triethyl Citrate: Practically colorless, oily liquid. Soluble in water. Miscible with alcohol and
with ether. NF category: Plasticizer;
solvent. 2S (NF31)
Trifluoperazine Hydrochloride: White to pale yellow, crystalline powder. Is practically
odorless, and has a bitter taste. Melts at about 242 , with decomposition. Freely soluble in
water; soluble in alcohol; sparingly soluble in chloroform; insoluble in ether and in benzene.
Triflupromazine: Viscous, light amber-colored, oily liquid, which crystallizes on prolonged
standing into large, irregular crystals. Practically insoluble in water.
Triflupromazine Hydrochloride: White to pale tan, crystalline powder, having a slight,
characteristic odor. Melts between 170 and 178 . Soluble in water, in alcohol, and in acetone;
insoluble in ether.
Trifluridine: Odorless, white powder appearing under the microscope as rodlike crystals; melts
at 175 , with sublimation.
Change to read:
Medium-Chain Triglycerides: Colorless or slightly yellowish, oily liquid. Practically insoluble in
water. Miscible with alcohol, with methylene chloride, with hexane, and with fatty oils.
NF category: Emulsifying agent; solvent; suspending and/or viscosity-increasing agent.
2S (NF31)

Trihexyphenidyl Hydrochloride: White or slightly off-white, crystalline powder, having not
more than a very faint odor. Melts at about 250 . Soluble in alcohol and in chloroform; slightly
soluble in water.
Trimeprazine Tartrate: White to off-white, odorless, crystalline powder. Freely soluble in
water and in chloroform; soluble in alcohol; very slightly soluble in ether and in benzene.
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Trimethobenzamide Hydrochloride: White, crystalline powder having a slight phenolic odor.
Soluble in water and in warm alcohol; insoluble in ether and in benzene.
Trimethoprim: White to cream-colored, odorless crystals, or crystalline powder. Soluble in
benzyl alcohol; sparingly soluble in chloroform and in methanol; slightly soluble in alcohol and in
acetone; very slightly soluble in water; practically insoluble in ether and in carbon tetrachloride.
Trimethoprim Sulfate: White to off-white, crystalline powder. Soluble in water, in alcohol, in
dilute mineral acids, and in fixed alkalies.
Trimipramine Maleate: White to almost white crystalline powder. Slightly soluble in water and
in alcohol.
Trioxsalen: White to off-white or grayish, odorless, crystalline solid. Melts at about 230 .
Sparingly soluble in chloroform; slightly soluble in alcohol; practically insoluble in water.
Tripelennamine Hydrochloride: White, crystalline powder. Slowly darkens on exposure to
light. Its solutions are practically neutral to litmus. Freely soluble in water, in alcohol, and in
chloroform; slightly soluble in acetone; insoluble in benzene, in ether, and in ethyl acetate.
Triprolidine Hydrochloride: White, crystalline powder, having no more than a slight, but
unpleasant, odor. Its solutions are alkaline to litmus, and it melts at about 115 . Soluble in
water, in alcohol, and in chloroform; insoluble in ether.
Change to read:
Trolamine: Colorless to pale yellow, viscous, hygroscopic liquid having a slight, ammoniacal
odor. Soluble in chloroform. Miscible with water and with alcohol. NF category: Alkalizing agent;
emulsifying and/or solubilizing agent
Emulsifying agent; pH modifier (acidifying agent/ alkalizing agent/ buffering agent). 2S (NF31)
Troleandomycin: White, odorless, crystalline powder. Freely soluble in alcohol; soluble in
chloroform; slightly soluble in ether and in water.
Tromethamine: White, crystalline powder, having a slight, characteristic odor. Freely soluble
in water.
Tropicamide: White or practically white, crystalline powder, odorless or having not more than
a slight odor. Freely soluble in chloroform and in solutions of strong acids; slightly soluble in
water.
Trospium Chloride: Colorless or white to slightly yellow crystalline powder. Very soluble in
water; freely soluble in methanol.
Crystallized Trypsin: White to yellowish white, odorless, crystalline or amorphous powder.
Tryptophan: White to slightly yellowish-white crystals or crystalline powder, having a slightly
bitter taste. Soluble in hot alcohol and in dilute hydrochloric acid.
Tuberculin: Old Tuberculin is a clear, brownish liquid, which is readily miscible with water and
has a characteristic odor. Purified Protein Derivative (PPD) of Tuberculin is a very slightly
opalescent, colorless solution. Old Tuberculin and PPD concentrates contain 50% of glycerin for
use with various application devices. Old Tuberculin and PPD are also dried on the tines of
multiple-puncture devices.
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Tubocurarine Chloride: White or yellowish-white to grayish-white, crystalline powder. Melts at
about 270 , with decomposition. Soluble in water; sparingly soluble in alcohol.
Tylosin: White to buff-colored powder. Freely soluble in methanol; soluble in alcohol, in amyl
acetate, in chloroform, and in dilute mineral acids; slightly soluble in water.
Tylosin Tartrate: Almost white or slightly yellow, hygroscopic powder. Freely soluble in water
and in dichloromethane; slightly soluble in alcohol. It dissolves in dilute solutions of mineral
acids.
Tyloxapol: Viscous, amber liquid, having a slight, aromatic odor. May exhibit a slight turbidity.
Slowly but freely miscible with water. Soluble in glacial acetic acid, in benzene, in toluene, in
carbon tetrachloride, in chloroform, and in carbon disulfide. NF category: Wetting and/or
solubilizing agent.
Tyrosine: White, odorless, tasteless crystals or crystalline powder. Very slightly soluble in
water; insoluble in alcohol and in ether.
Ubidecarenone: Yellow to orange, crystalline powder. Melts at about 48 . Soluble in ether;
very slightly soluble in dehydrated alcohol; practically insoluble in water.
Undecylenic Acid: Clear, colorless to pale yellow liquid having a characteristic odor. Practically
insoluble in water. Miscible with alcohol, with chloroform, with ether, with benzene, and with
fixed and volatile oils.
Urea: Colorless to white, prismatic crystals, or white, crystalline powder, or small white pellets.
Is practically odorless, but may gradually develop a slight odor of ammonia upon long standing.
Its solutions are neutral to litmus. Freely soluble in water and in boiling alcohol; practically
insoluble in chloroform and in ether.
Urea C 13: See Urea.
Ursodiol: White or almost white, crystalline powder. Freely soluble in alcohol and in glacial
acetic acid; sparingly soluble in chloroform; slightly soluble in ether; practically insoluble in
water.
Vaccinia Immune Globulin: Transparent or slightly opalescent liquid. Is practically colorless
and practically odorless. May develop a slight, granular deposit during storage.
Valacyclovir Hydrochloride: White to off-white powder. Soluble in water; insoluble in
dichloromethane.
Powdered Valerian Extract: Brown, hygroscopic, powdery or easily pulverizable mass. Soluble
in water to form a slightly cloudy solution; sparingly soluble in 70 percent alcohol; practically
insoluble in alcohol.
Change to read:
Valganciclovir Hydrochloride: White to off-white powder.
Very slightly soluble in alcohol; practically insoluble in 2-propanol, in hexane, in acetone, and
in ethyl acetate. USP35
Valine: White, odorless, tasteless crystals. Soluble in water; practically insoluble in ether, in
alcohol, and in acetone.
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Valproic Acid: Colorless to pale yellow, slightly viscous, clear liquid, having a characteristic
odor. Refractive index: about 1.423 at 20 . Freely soluble in 1 N sodium hydroxide, in methanol,
in alcohol, in acetone, in chloroform, in benzene, in ether, and in n-heptane; slightly soluble in
water and in 0.1 N hydrochloric acid.
Valrubicin: Orange to orange-red, crystalline powder. Soluble in methylene chloride, in
dehydrated alcohol, in methanol, and in acetone; very slightly soluble in water, in hexane, and
in petroleum ether.
Valsartan: White or almost white, hygroscopic powder. Freely soluble in anhydrous ethanol;
sparingly soluble in methylene chloride; practically insoluble in water.
Vancomycin Hydrochloride: White, almost white, or tan to brown, free-flowing powder,
odorless, and having a bitter taste. Freely soluble in water; insoluble in ether and in chloroform.
Change to read:
Vanillin: Fine, white to slightly yellow crystals, usually needle-like, having an odor and taste
suggestive of vanilla. Is affected by light. Its solutions are acid to litmus. Freely soluble in
alcohol, in chloroform, in ether, and in solutions of the fixed alkali hydroxides; soluble in glycerin
and in hot water; slightly soluble in water. NF category: Flavors and perfumes
Flavors and fragrance. 2S (NF31)
Vasopressin Injection: Clear, colorless or practically colorless liquid, having a faint,
characteristic odor.
Vecuronium Bromide: White or creamy white crystals, or a crystalline powder. Sparingly
soluble in alcohol; slightly soluble in water and in acetone.
Change to read:
Hydrogenated Vegetable Oil: Type I Hydrogenated Vegetable Oil—Fine, white powder, beads,
or small flakes. Type II Hydrogenated Vegetable Oil—Plastic (semi-solid) or flakes having a
softer consistency than Type I. Soluble in hot isopropyl alcohol, in hexane, and in chloroform;
insoluble in water. NF category:
Hydrogenated Vegetable Oil—Wet binder; 2S (NF31)
Type I Hydrogenated Vegetable Oil—Tablet and/or capsule lubricant
Lubricant; 2S (NF31)
Type II Hydrogenated Vegetable Oil—Ointment base.
Venlafaxine Hydrochloride: Off-white to white crystalline powder. Soluble in methanol and in
water.
Verapamil Hydrochloride: White or practically white, crystalline powder. Is practically
odorless and has a bitter taste. Freely soluble in chloroform; soluble in water; sparingly soluble
in alcohol; practically insoluble in ether.
Vidarabine: White to off-white powder. Slightly soluble in dimethylformamide; very slightly
soluble in water.
Vinblastine Sulfate: White or slightly yellow, odorless, amorphous or crystalline powder. Is
hygroscopic. Freely soluble in water.
Vincristine Sulfate: White to slightly yellow, odorless, amorphous or crystalline powder. Is
hygroscopic. Freely soluble in water; soluble in methanol; slightly soluble in alcohol.
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Vincristine Sulfate for Injection: Yellowish-white solid, having the characteristic appearance
of products prepared by freeze-drying.
Vinorelbine Tartrate: White to yellow or light brown, amorphous powder. Freely soluble in
water.
Vitamin A: In liquid form, a light-yellow to red oil that may solidify upon refrigeration. In solid
form, has the appearance of any diluent that has been added. May be practically odorless or
may have a mild fishy odor, but has no rancid odor or taste. Is unstable to air and light. In
liquid form, very soluble in chloroform and in ether; soluble in absolute alcohol and in vegetable
oils; insoluble in water and in glycerin. In solid form, may be dispersible in water.
Change to read:
Vitamin E: Practically odorless and tasteless. The alpha tocopherols and alpha tocopheryl
acetates occur as clear, yellow, or greenish yellow, viscous oils. d-Alpha tocopheryl acetate
may solidify in the cold. Alpha tocopheryl acid succinate occurs as a white powder; the disomer melts at about 75 , and the dl-form melts at about 70 . The alpha tocopherols are
unstable to air and light, particularly when in alkaline media. The esters are stable to air and
light, but are unstable to alkali; the acid succinate is also unstable when held molten. Alpha
tocopheryl acid succinate is very soluble in chloroform; soluble in alcohol, in ether, in acetone,
and in vegetable oils; slightly soluble in alkaline solutions; insoluble in water. The other forms of
Vitamin E are insoluble in water; soluble in alcohol; miscible with ether, with acetone, with
vegetable oils, and with chloroform.
NF category: Antioxidant; plasticizer. 2S (USP36)
Vitamin E Preparation: The liquid forms are clear, yellow to brownish red, viscous oils. The
solid forms are white to tan-white granular powders. The liquid forms are soluble in alcohol;
insoluble in water. Miscible with ether, with acetone, with vegetable oils, and with chloroform.
The solid forms disperse in water to give cloudy suspensions.
Add the following:
Voriconazole: White to almost white powder. Freely soluble in acetone and in methylene
chloride; very slightly soluble in water. 2S (USP35)
Warfarin Sodium: White, odorless, amorphous or crystalline powder, having a slightly bitter
taste. Is discolored by light. Very soluble in water; freely soluble in alcohol; very slightly soluble
in chloroform and in ether.
Change to read:
Water for Injection: Clear, colorless, odorless liquid. NF category: Solvent;
pharmaceutical water. 2S (USP36)
Change to read:
Bacteriostatic Water for Injection: Clear, colorless liquid, odorless or having the odor of the
antimicrobial substance. NF category: Vehicle (sterile);
pharmaceutical water. 2S (USP36)
Sterile Water for Inhalation: Clear, colorless solution.
Change to read:
Sterile Water for Injection: Clear, colorless, odorless liquid. NF category: Solvent;
pharmaceutical water. 2S (USP36)
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Change to read:
Sterile Water for Irrigation: Clear, colorless, odorless liquid. NF category: Solvent;
pharmaceutical water. 2S (USP36)
Change to read:
Purified Water: Clear, colorless, odorless liquid. NF category: Solvent;
pharmaceutical water. 2S (USP36)
Carnauba Wax: Light brown to pale yellow, moderately coarse powder or flakes, possessing a
characteristic bland odor, and free from rancidity. Specific gravity is about 0.99. Freely soluble
in warm benzene; soluble in warm chloroform and in warm toluene; slightly soluble in boiling
alcohol; insoluble in water. NF category: Coating agent.
Change to read:
Emulsifying Wax: Creamy white, wax-like solid, having a mild, characteristic odor. Freely
soluble in ether, in chloroform, in most hydrocarbon solvents, and in aerosol propellants; soluble
in alcohol; insoluble in water. NF category: Emulsifying and/or solubilizing agent
Emulsifying agent; wetting and/or solubilzing agent; 2S (NF31)
stiffening agent.
Change to read:
Microcrystalline Wax: White or cream-colored, odorless, waxy solid. Soluble in chloroform, in
ether, in volatile oils, and in most warm fixed oils; sparingly soluble in dehydrated alcohol;
insoluble in water. NF category: Coating agent;
stiffening agent. 2S (NF31)
White Wax: Yellowish-white solid, somewhat translucent in thin layers. Has a faint,
characteristic odor, and is free from rancidity. Specific gravity is about 0.95. Sparingly soluble
in cold alcohol; insoluble in water. Boiling alcohol dissolves the cerotic acid and a portion of the
myricin, which are constituents of White Wax. Completely soluble in chloroform, in ether, and in
fixed and volatile oils. Partly soluble in cold benzene and in cold carbon disulfide; completely
soluble in these liquids at about 30 . NF category: Stiffening agent.
Yellow Wax: Solid varying in color from yellow to grayish brown. Has an agreeable, honey-like
odor. Is somewhat brittle when cold, and presents a dull, granular, noncrystalline fracture when
broken. It becomes pliable from the heat of the hand. Specific gravity is about 0.95. Sparingly
soluble in cold alcohol; insoluble in water. Boiling alcohol dissolves the cerotic acid and a portion
of the myricin, that are constituents of Yellow Wax. Soluble in chloroform, in ether, in fixed oils,
and in volatile oils; sparingly soluble in cold benzene and in cold carbon disulfide; soluble in
these liquids at about 30 . NF category: Stiffening agent.
Wheat Bran: Light tan powder having a characteristic aroma. Practically insoluble in cold water
and in alcohol. Available in a variety of particle sizes depending upon the degree of milling to
which it is subjected. Color and flavor development variable, depending on the extent to which
it is heat-stabilized.
Change to read:
Xanthan Gum: Cream-colored powder. Its solutions in water are neutral to litmus. Soluble in
hot or cold water. NF category: Suspending and/or viscosity-increasing agent;
film-forming agent; polymers for ophthalmic use; release-modifying agent. 2S (NF31)

PF 38(5): Sep.-Oct. 2012

316

Xenon Xe 127: Clear, colorless gas.
Xenon Xe 133 Injection: Clear, colorless solution.
Xylazine: Colorless to white crystals. Sparingly soluble in dilute acid, in acetone, and in
chloroform; insoluble in dilute alkali.
Xylazine Hydrochloride: Colorless to white crystals. Sparingly soluble in dilute acid, in
acetone, and in methanol; insoluble in dilute alkali.
Change to read:
Xylitol: White crystals or crystalline powder. It has a sweet taste and produces a cooling
sensation in the mouth. One g dissolves in about 0.65 mL of water. Sparingly soluble in alcohol.
Crystalline xylitol has a melting range between 92 and 96 .
NF category: Coating agent; emollient; humectant; sweetening agent; diluent.

2S (NF31)

Xylometazoline Hydrochloride: White to off-white, odorless, crystalline powder. Melts above
300 , with decomposition. Freely soluble in alcohol; soluble in water; sparingly soluble in
chloroform; practically insoluble in benzene and in ether.
Xylose: Colorless needles or white, crystalline powder. Is odorless, and has a slightly sweet
taste. Very soluble in water; slightly soluble in alcohol.
Yellow Fever Vaccine: Slightly dull, light-orange colored, flaky or crustlike, desiccated mass.
Yohimbine Hydrochloride: White to yellow powder. Melts at about 295 , with decomposition.
Soluble in boiling water; slightly soluble in water and in alcohol.
Yttrium Chloride: Colorless, deliquescent crystals. Soluble in water and in alcohol.
Zalcitabine: White to off-white, crystalline powder. Soluble in water and in methanol; sparingly
soluble in alcohol, in acetonitrile, in chloroform, and in methylene chloride; slightly soluble in
cyclohexane.
Zaleplon: White to off-white powder. Sparingly soluble in alcohol; slightly soluble in propylene
glycol; practically insoluble in water.
Change to read:
Zein: White to yellow powder. Soluble in aqueous alcohols, in glycols, in ethylene glycol ethyl
ether, in furfuryl alcohol, in tetrahydrofurfuryl alcohol, in aqueous alkaline solutions of pH 11.5
or greater, and in acetone-water mixtures between the limits of 60% and 80% of acetone by
volume; insoluble in water, in acetone, and in all anhydrous alcohols except methanol. NF
category: Coating agent;
wet binder. 2S (NF31)
Zidovudine: White to yellowish powder. Melts at about 124 . Exhibits polymorphism. Soluble in
alcohol; sparingly soluble in water.
Zileuton: White to off-white powder.
Change to read:
Zinc Acetate: White crystals or granules, having a slight acetous odor and an astringent taste.
Is slightly efflorescent. Freely soluble in water and in boiling alcohol; slightly soluble in alcohol.
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2S (USP36)

Zinc Chloride: White or practically white, odorless, crystalline powder, or white or practically
white crystalline granules. May also be in porcelain-like masses or molded into cylinders. Is very
deliquescent. A solution (1 in 10) is acid to litmus. Very soluble in water; freely soluble in
alcohol and in glycerin. Its solution in water or in alcohol is usually slightly turbid, but the
turbidity disappears when a small quantity of hydrochloric acid is added.
Zinc Gluconate: White or practically white powder or granules. Soluble in water; very slightly
soluble in alcohol.
Change to read:
Zinc Oxide: Very fine, odorless, amorphous, white or yellowish white powder, free from gritty
particles. It gradually absorbs carbon dioxide from air. Soluble in dilute acids; insoluble in water
and in alcohol.
NF category: Antimicrobial preservative; coating agent. 2S (USP36)
Change to read:
Zinc Stearate: Fine, white, bulky powder, free from grittiness. Has a faint, characteristic odor.
Is neutral to moistened litmus paper. Insoluble in water, in alcohol, and in ether. NF category:
Tablet and/or capsule lubricant
Lubricant. 2S (USP36)
Zinc Sulfate: Colorless, transparent prisms, or small needles. May occur as a white, granular,
crystalline powder. Is odorless and is efflorescent in dry air. Its solutions are acid to litmus.
Very soluble in water (heptahydrate); freely soluble in water (monohydrate) and in glycerin
(heptahydrate); practically insoluble in alcohol (monohydrate); insoluble in alcohol
(heptahydrate).
Zinc Undecylenate: Fine, white powder. Practically insoluble in water and in alcohol.
Ziprasidone Hydrochloride: White to slightly pink powder. Very soluble in methanol; slightly
soluble in isopropyl alcohol, and in hot tetrahydrofuran; practically insoluble in water.
Zolazepam Hydrochloride: White to off-white, crystalline powder. Freely soluble in water and
in 0.1 N hydrochloric acid; soluble in methanol; slightly soluble in chloroform; practically
insoluble in ether.
Zolpidem Tartrate: White to off-white powder, hygroscopic. Sparingly soluble in methanol;
slightly soluble in water; practically insoluble in methylene chloride.
Zonisamide: White to off-white powder. Freely soluble in dimethylformamide; soluble in
methanol.
BRIEFING
Astaxanthin Esters. Because there is no existing USP monograph for this dietary ingredient, a
new monograph is being proposed. The liquid chromatographic procedure in the test for
Content of Total Astaxanthin is based on analyses performed with the YMC Pack Carotenoid
S5µ brand of L62 column. Typical retention times observed for 13-cis-astaxanthin, all-transastaxanthin, and 9-cis-astaxanthin are about 9, 10, and 14 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C110880
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Comment deadline: November 30, 2012
Add the following:
Astaxanthin Esters
Astaxanthin esters;
Astaxanthin fatty acid esters;
Fatty acid esters of (3S,3'S)-3,3¢-dihydroxy- , -carotene-4,4¢-dione.
DEFINITION
Astaxanthin Esters is obtained by extraction with either supercritical carbon dioxide or acetone
from cultives of Haematococcus pluvialis. It consists mainly of 3S,3¢S stereoisomers of
astaxanthin in the monoester, diester, and free forms. The monoester form is the most
abundant, followed by the diester form. The free form is a minor component. Suitable
antioxidants may be added. It contains NLT 5% of total astaxanthin, calculated as free
astaxanthin on the anhydrous basis.
IDENTIFICATION
• A. Thin Layer Chromaography
Standard solution: 10 mg/mL of USP Astaxanthin Esters from Haematococcus pluvialis RS
in acetone
Sample solution: 10 mg/mL of Astaxanthin Esters in acetone
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture. Dry the adsorbent at
110 for 1 h before use.
Application volume: 5 µL
Developing solvent system: Hexane and acetone (70:30)
System suitability
Suitability requirement: The chromatogram from the Standard solution exhibits three
clearly separated zones, with astaxanthin diester having the highest RF value, followed
by astaxanthin monoester (the most intense) and free astaxanthin (the least intense).
Analysis
Samples: Standard solution and Sample solution
Develop the chromatogram in the Developing solvent system until the solvent front has
moved about three-fourths of the length of the plate. Remove the plate from the
chamber, and dry in a current of air. Examine the plates under white light.
Acceptance criteria: The Sample solution exhibits three main zones corresponding in RF
value to those obtained from the Standard solution. The zone in the middle (monoester) is
the most intense, and the zone with the lower RF is the least intense.
• B. HPLC: The Sample solution exhibits three major peaks with the retention times
corresponding to those of 13-cis-astaxanthin, all-trans-astaxanthin, and 9-cis-astaxanthin
peaks in the Standard solution, as obtained in the test for Content of Total Astaxanthin.
ASSAY

PF 38(5): Sep.-Oct. 2012

319

• Content of Total Astaxanthin
[Note—Astaxanthin determined by this method is total astaxanthin, including the free
astaxanthin, the monoester, and the diester.]
Buffer solution: Dissolve 6.06 g of tris(hydroxymethyl)aminomethane in 750 mL of water,
adjust with 1 N hydrochloric acid to a pH of 7.0, and dilute with water to 1000 mL.
Cholesterol esterase solution: 4 U/mL of cholesterol esterase1 in Buffer solution. Prepare
fresh daily.
Solution A: Methanol
Solution B: t-Butylmethylether
Solution C: Phosphoric acid, 1% aqueous
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B Solution C
(min)
(%)
(%)
(%)
0
81
15
4
15
66
30
4
23
16
80
4
27
16
80
4
27.1
81
15
4
35
81
15
4
Internal standard solution: 37.5 µg/mL of USP Apocarotenal RS in acetone
Standard stock solution: Transfer 30 mg of USP Astaxanthin Esters from Haematococcus
pluvialis RS to a 100-mL volumetric flask. Dissolve in 30 mL of acetone, shake by
mechanical means, and dilute with acetone to volume.
Standard solution: Combine 2.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution in a glass centrifuge tube. Add 3.0 mL of Cholesterol esterase
solution to the tube, and mix gently by inversion. Place the tube in a block heater set to
37 , and allow the reaction to continue for 45 min, gently and slowly inverting the tube
every 10 min. After 45 min, add 1 g of sodium sulfate and 2 mL of petroleum ether to the
tube. Mix on a vortex mixer for 30 s, then centrifuge at 3000 rpm for 3 min. Carefully
transfer the petroleum ether layer to a 10-mL glass centrifuge tube containing 1 g of
anhydrous sodium sulfate. Be careful to avoid pipetting the intermediate emulsive layer.
Evaporate the petroleum ether layer using a vacuum or a stream of inert gas at room
temperature, add 3 mL of acetone, sonicate, and filter the mixture. The filtered solution is
the Standard solution.
Sample stock solution: Warm a quantity of the sample in a water bath at 50 –60 for 30
min. Shake the sample well at 10-min intervals. After 30 min, transfer 30 mg of the sample
to a 100-mL volumetric flask. Dissolve in 30 mL of acetone, shake by mechanical means,
and dilute with acetone to volume.
Sample solution: Combine 2.0 mL of the Sample stock solution and 1.0 mL of the Internal
standard solution in a glass centrifuge tube. Add 3.0 mL of Cholesterol esterase solution
to the tube, and mix gently by inversion. Place the tube in a block heater set to 37 , and
allow the reaction to continue for 45 min, gently and slowly inverting the tube every 10
min. After 45 min, add 1 g of sodium sulfate and 2 mL of petroleum ether to the tube. Mix
on a vortex mixer for 30 s, then centrifuge at 3000 rpm for 3 min. Carefully transfer the
petroleum ether layer to a 10-mL glass centrifuge tube containing 1 g of anhydrous
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sodium sulfate. Be careful to avoid pipetting the intermediate emulsive layer. Evaporate
the petroleum ether layer using a vacuum or a stream of inert gas at room temperature,
add 3 mL of acetone, sonicate, and filter the mixture. The filtered solution is the Sample
solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 474 nm
Column: YMC Carotenoid, 4.6-mm × 25-cm, 5-µm packing L62
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The approximate relative retention times for 13-cis-astaxanthin, all-transastaxanthin, 9-cis-astaxanthin, and apocarotenal (trans-beta-apo-8'-carotenal) are
listed in Table 2.]
Table 2
Relative
Relative
Retention
Response
Name of Compound
Time
Factor
13-cis-astaxanthin
0.9
1.3
all-trans-astaxanthin
1.0
1.0
9-cis-astaxanthin
1.4
1.1
Apocarotenal (internal standard)
1.7
—
Suitability requirements
Chromatogram similarity: The chromatogram from the Standard solution is similar to
the Reference Chromatogram provided with the USP Astaxanthin Esters from
Haematococcus pluvialis RS being used.
Resolution: NLT 2.0 between 13-cis-astaxanthin and all-trans-astaxanthin
Relative standard deviation: NMT 2.0% for the all-trans-astaxanthin peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of total astaxanthin content in the portion of sample taken:
Result = (RU/RS) × (CS/C U) × P
R=
U [(1.3 × peak area of 13-cis-astaxanthin + peak area of all-trans-astaxanthin + 1.1 ×
peak area of 9-cis-astaxanthin)/peak area of the internal standard] from the Sample
solution
R=
S [(1.3 × peak area of 13-cis-astaxanthin + peak area of all-trans-astaxanthin + 1.1 ×
peak area of 9-cis-astaxanthin)/peak area of the internal standard] from the Standard
solution
C=
S concentration of USP Astaxanthin Esters from Haematococcus pluvialis RS in the
Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
P= labeled amount of total astaxanthin as free astaxanthin in the USP Astaxanthin Esters
from Hematococcus pluvialis RS (%)
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Acceptance criteria: NLT 5% of total astaxanthin, calculated as free astaxanthin on the
anhydrous basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 2.0 µg/g
Cadmium: NMT 1.0 µg/g
Lead: NMT 1.0 µg/g
Mercury: NMT 1.0 µg/g

233

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
103 cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
• Pheophorbide Content
Solution A: 50 mg/mL of sodium sulfate
Solution B: Saturated solution of sodium sulfate
Sample stock solution: Transfer 100 mg of the sample to a 10-mL test tube, add 10 mL of
acetone, and dissolve with sonication. Quantitatively transfer this solution to a separatory
funnel, rinsing the test tube three times with 10-mL portions of acetone and adding the
rinsings to the funnel. Add 30 mL of ethyl ether to the separatory funnel, followed by 50
mL of Solution A. Mix the contents of the separatory funnel by shaking gently, then draw
off and discard the lower layer. Repeat washing with Solution A three times. Dehydrate
the remaining extract with anhydrous sodium sulfate, then transfer the extract to a 50-mL
volumetric flask, and dilute with ethyl ether to volume.
Sample solution: Transfer 20 mL of the Sample stock solution to a small beaker. Add 20
mL of 17% hydrochloric acid, and mix the solution vigorously. Transfer the hydrochloric
acid layer to a separatory funnel, and repeat the extraction with a second 10-mL portion
of 17% hydrochloric acid, adding the hydrochloric acid layer to the separatory funnel. Add
150 mL of Solution B, 20 mL of ethyl ether, and mix the contents of the separatory funnel
by shaking. Transfer the ethyl ether layer to a 20-mL volumetric flask, and dilute with
ethyl ether to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 667 nm
Cell path: 1 cm
Blank: Ethyl ether
Analysis
Sample: Sample solution

851 .)

Calculate the percentage of pheophorbide in the portion of sample taken:
Result = A/(C × F)
A= absorbance of the Sample solution
C= concentration of the Sample solution (g/mL)
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F= coefficent of extinction (E1% ) of pure pheophorbide in ethyl ether (100 mL·g

1

·cm 1),

702
Acceptance criteria: NMT 0.02%
SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards 11
USP Astaxanthin Esters from Haematococcus pluvialis RS
USP Apocarotenal RS
trans-beta-Apo-8'-carotenal.
C30 H40 O
2S (USP36)

1 Use Wako Pure C hemicals catalog no. 037-11221, available from www.wakousa.com; Sigma catalog no.
C 9281, available from www.sigmaaldrich.com; or equivalent.

BRIEFING
Calcium l-5-Methyltetrahydrofolate. Because there is no existing USP monograph for this
dietary ingredient, a new monograph is being proposed. The liquid chromatographic
procedures in the Assay and the test for Related Compounds are based on analyses
performed with the Purospher Star RP-18e brand of L1 column. Typical retention times for 4aminobenzoylglutamic acid, 4a-hydroxy-5-methyltetrahydrofolic acid, folic acid, 5methyltetrahydrofolic acid, and dimethyltetrahydrofolic acid are about 4.4, 5.6, 12.8, 15.1,
and 18.8 min, respectively. The liquid chromatographic procedure in the test for
Enantiomeric Purity is based on analyses performed with a Chromtech Chiral HSA brand of
L## column. Typical retention times for l-5-methyltetrahydrofolate and d-5methyltetrahydrofolate are 11.3 and 16.6 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C106247

Comment deadline: November 30, 2012
Add the following:
Calcium l-5-Methyltetrahydrofolate

C20 H23 CaN7 O6 ·xH2 O C20 H23 CaN7 O6 (anhydrous)

497.52

N-[4-[[(2-Amino-1,4,5,6,7,8-hexahydro-5-methyl-4-oxo-(6S)pteridinyl)methyl]amino]benzoyl]-l-glutamic acid, calcium salt (1:1);
N-{4-[[((6S)-2-Amino-1,4,5,6,7,8-hexahydro-5-methyl-4-oxo-6-pteridinyl)methyl]amino]benzoyl}-l-glutamic acid, calcium salt (1:1)
[151533-22-1].
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DEFINITION
Calcium l-5-Methyltetrahydrofolate contains NLT 95.0% and NMT 102.0% of calcium d,l-5methyltetrahydrofolate (C20 H23 CaN7 O6 ), calculated on the anhydrous and solvent-free basis,
of which NMT 1.0% corresponds to calcium d-5-methyltetrahydrofolate.
IDENTIFICATION
• A. Infrared Absorption 197K
[Note—If the spectra obtained shows differences, dissolve the substance to be examined and
the USP Calcium d,l-5-Methyltetrahydrofolate RS separately in the minimum quantity of
water, and add dropwise sufficient acetone to produce a precipitate. Allow to stand for 15
min, centrifuge to collect the precipitate, wash the precipitate twice with a minimum
quantity of acetone, and dry. Record new spectra using the residues.]
• B. Identification Tests—General, Calcium 191 : A 5 mg/mL solution meets the
requirements.
• C. HPLC: The retention time of the major peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay and to the l-isomer of the Standard
solution in Enantiomeric Purity.
ASSAY
• Procedure
Buffer: 7.8 g/L of sodium dihydrogen phosphate dihydrate in water
Solution A: Adjust the Buffer with 32% (w/v) sodium hydroxide solution to a pH of 6.5.
Solution B: Methanol and Buffer (35:65). Adjust with 32% (w/v) sodium hydroxide solution
to a pH of 8.0.
Mobile phase: Gradient elution. See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
14
45
55
17
0
100
24
0
100
24.01
100
0
33
100
0
[Note—After analysis the column should be flushed and stored in a mixture of methanol and
water (85:15).]
System suitability solution: Transfer 25 mg of USP Folic Acid RS and 25 mg of USP 4Aminobenzoylglutamic Acid RS to a 100-mL volumetric flask. Add a spatula tip of each
sodium hydrogen carbonate and sodium carbonate to the flask, add sufficient water,
sonicate to dissolve, and dilute with water to volume. Transfer 1.0 mL of this solution to a
second 100-mL volumetric flask containing 50 mg of USP Calcium d,l-5Methyltetrahydrofolate RS, dissolve, and dilute with water to volume.
Standard solution: 0.5 mg/mL of USP Calcium d,l-5-Methyltetrahydrofolate RS in water
Sample solution: 0.5 mg/mL of Calcium l-5-Methyltetrahydrofolate in water
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 32
Flow rate: 1.1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—For the System suitability solution the relative retention times of the component
peaks are listed in Table 2. The l- and d-isomers of 5-methyltetrahydrofolate co-elute
as a single peak. The 4a-hydroxy-5-methyltetrahydrofolic acid, 5-methyltetrahydrofolic
acid, and dimethyltetrahydrofolic acid are included as minor components in USP Calcium
d,l-5-Methyltetrahydrofolate RS.]
Suitability requirements
Resolution: System suitability solution
NLT 6 between 4-aminobenzoylglutamic acid and 4a-hydroxy-5-methyltetrahydrofolic
acid
NLT 8 between folic acid and 5-methyltetrahydrofolic acid
NLT 15 between 5-methyltetrahydrofolic acid and dimethyltetrahydrofolic acid
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of calcium l-5-methyltetrahydrofolate (C20 H23 CaN7 O6 ) in the
portion of Calcium l-5-Methyltetrahydrofolate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Calcium d,l-5-Methyltetrahydrofolate RS in the Standard solution
(mg/mL)
C=
U concentration of Calcium l-5-Methyltetrahydrofolate in the Sample solution (mg/mL)
Acceptance criteria: 95.0% –102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Chloride
Sample: 300 mg
Blank: Mix 1 mL of nitric acid with 75 mL of water.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.005 M silver nitrate VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 75 mL of water (heat to maximum of 40 ), add 1 mL of
nitric acid, and titrate with the Titrant. Perform a Blank determination, and make any
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necessary correction.
Calculate the percentage of chloride (Cl) in the Sample taken:
Result = [(VS

VB) × M × F/W ] × 100

V=
S volume of Titrant consumed by the Sample (mL)
V=
B volume of Titrant consumed by the Blank (mL)
M= actual molarity of the Titrant (mmol/mL)
F= equivalency factor, 35.45 mg/mmol
W= Sample weight (mg)
Acceptance criteria: NMT 0.5%
• Elemental Impurities—Procedures
Acceptance criteria
Boron: NMT 50 µg/g
Platinum: NMT 10 µg/g
Arsenic: NMT 1.5 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 1.0 µg/g
Mercury: NMT 1.5 µg/g
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• Residual Solvents 467
Acceptance criteria
Ethanol: NMT 0.5%
2-Propanol: NMT 0.5%
[Note—For acceptance criteria for any other residual solvents, see Residual Solvents 467 .]
• Related Compounds
Solution A, Solution B, Mobile phase, System suitability solution, Standard solution,
Sample solution, Chromatographic system, System suitability, and Suitability
requirements: Proceed as directed in the Assay.
Analysis
Samples: Standard solution and Sample solution
[Note—The impurities are listed in Table 2.]
Calculate the percentage of each impurity, as free acid, in the portion of Calcium l-5Methyltetrahydrofolate taken:
Result = (rU/rS) × (CS/CU) × F × (M1/M2) × 100
rU= peak response of the corresponding impurity from the Sample solution
rS= peak response of the principal peak from the Standard solution
C=
S concentration of USP Calcium d,l-5-Methyltetrahydrofolate RS in the Standard solution
(mg/mL)
CU= concentration of Calcium l-5-Methyltetrahydrofolate in the Sample solution (mg/mL)
F= relative response factor for the corresponding impurity peak (see Table 2)
M=
1 molecular weight of l-5-methyltetrahydrofolic acid, 459.5
M=
2 molecular weight of calcium l-5-methyltetrahydrofolate, 497.5
Acceptance criteria
[Note—Disregard any impurity peak less than 0.05%.]
Individual impurities: See Table 2.
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Name
4-Aminobenzoylglutamic acida
4a-Hydroxy-5-methyltetrahydrofolic
acidb
(6R)-Mefoxc,d

Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

0.29

0.91

0.5

0.37
0.49

1.09
1.05

1.0
—
1.0 (sum of 6R and
6S)
0.5
0.5
0.5
0.5
0.5
0.15
2.5

(6S)-Mefoxc,d
0.50
1.05
Tetrahydrofolic acide
0.65
1.00k
7,8-Dihydrofolic acidf
0.83
0.95
g
Folic acid
0.85
0.83
5,10-Methylenetetrahydrofolic acidh
0.88
1.00k
5-Methyltetrahydropteroic acidi
1.10
0.67
j
Dimethyltetrahydrofolic acid
1.25
1.00k
Total impurities
—
—
a N-(4-Aminobenzoyl)-l-glutamic acid.
b N-[4-({[(6S)-2-Amino-4a-hydroxy-5-methyl-4-oxo-1,4,4a,5,6,7,8,8aoctahydropteridin-6-yl]methyl}amino)benzoyl]-l-glutamic acid.
c 2-Amino-8-methyl-4,9-dioxo-7-methyl-p-aminobenzoyl-glutamate-6,7,8,9-tetrahydro4H-pyrazino-(1,2-a)-s-triazine.
d Report the impurity Mefox as the sum of 6S- and 6R-Mefox.
e N-[4-({[(S)-2-Amino-4-oxo-1,4,5,6,7,8-hexahydropteridin-6yl]methyl}amino)benzoyl]-l-glutamic acid.
f N-(4-{[(2-Amino-4-oxo-1,4,7,8-tetrahydropteridin-6-yl)methyl]amino}benzoyl)-lglutamic acid.
g N-(4-{[(2-Amino-4-oxo-1,4-dihydropteridin-6-yl)methyl]amino}benzoyl)-l-glutamic
acid.
h N-(4-(3-Amino-1-oxo-5,6,6a,7-tetrahydroimidazo[1,5-f]pteridin-8(1H,4H,9H)yl)benzyl)-l-glutamic acid.
i (S)-4-{[(2-Amino-5-methyl-4-oxo-1,4,5,6,7,8-hexahydropteridin-6yl)methyl]amino}benzoic acid.
j N-[4-({[(S)-5-Methyl-2-(methylamino)-4-oxo-1,4,5,6,7,8-hexahydropteridin-6yl]methyl}amino)benzoyl]-l-glutamic acid.
k Estimated factor.
• Enantiomeric Purity
Buffer: 4.54 g/L of sodium dihydrogen phosphate dihydrate in water
Mobile phase: Acetonitrile and Buffer (3:97). Adjust with 32% (w/v) sodium hydroxide to a
pH of 6.8.
Standard solution: 0.5 mg/mL of USP Calcium d,l-5-Methyltetrahydrofolate RS in water
Sample solution: 0.5 mg/mL of Calcium l-5-Methyltetrahydrofolate in water
System suitability solution: Transfer 1.0 mL of Standard solution to a 50-mL volumetric
flask, and dilute with Sample solution to volume.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.0-mm × 15-cm; 5-µm packing L##
Column temperature: 40
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times of l-5-methyltetrahydrofolate and d-5methyltetrahydrofolate are about 1 and 1.5, respectively.]
Suitability requirements
Resolution: NLT 1.5 between l-5-methyltetrahydrofolate and d-5methyltetrahydrofolate
Analysis
Sample: Sample solution
Calculate the percentage of d-5-methyltetrahydrofolate in the portion of Calcium l-5Methyltetrahydrofolate taken:
Result = [(rD/(rD + rL) ×100]
r=
D peak response of d-5-methyltetrahydrofolate from the Sample solution
r=
L peak response of l-5-methyltetrahydrofolate from the Sample solution
Acceptance criteria: NMT 1.0% of d-5-methyltetrahydrofolate
SPECIFIC TESTS
• Calcium
Sample: 250 mg
Blank: 150 mL of water, 15 mL of 1 N sodium hydroxide, and 300 mg of hydroxy naphthol
blue
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.05 M edetate disodium VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 150 mL of water, add 15 mL of 1 N sodium hydroxide, 300
mg of hydroxy naphthol blue, and titrate with the Titrant until the solution is deep blue in
color. Perform a Blank determination, and make any necessary correction.
Calculate the percentage of calcium (Ca) in the Sample taken:
Result = [(VS

VB) × M × F/W ] × 100

V=
S volume of Titrant consumed by the Sample (mL)
V=
B volume of Titrant consumed by the Blank (mL)
M= actual molarity of the Titrant (mmol/mL)
F= equivalency factor, 40.08 mg/mmol
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W= Sample weight (mg)
Acceptance criteria: 7.0%–8.5% on the anhydrous and solvent-free basis
• Water Determination, Method Ic 921
Sample: Transfer 40 mg of Calcium l-5-Methyltetrahydrofolate to a 20-mL headspace vial,
and cap tightly. Heat the vial in a suitable Karl Fischer oven at 250 .
Analysis: The released and evaporated water is transferred into the titration-cell in a
stream of dry nitrogen at a flow rate of about 40 mL/min as directed in Water
Determination, Method Ic 921 .
Acceptance criteria: 6.0%–17.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in a tight container, in a cool and dry place.
• USP Reference Standards 11
USP 4-Aminobenzoylglutamic Acid RS
N-4-Aminobenzoyl)-l-glutamic acid.
C12 H14 N2 O5
266.25
USP Calcium d,l-5-Methyltetrahydrofolate RS
N[4-[[((6R,S)-2-Amino-1,4,5,6,7,8-hexahydro-5-methyl-4-oxo-6R,Spteridinyl)methyl]amino]benzoyl]-l-glutamic acid, calcium salt.
C20 H23 CaN7 O6
497.52
USP Folic Acid RS
2S (USP36)

BRIEFING
Lutein Capsules. Because there is no existing USP monograph for this dosage form, a new
monograph is proposed.
(DS: N. Davydova.)
Correspondence Number—C117326

Comment deadline: November 30, 2012
Add the following:
Lutein Capsules
DEFINITION
Lutein Capsules contain NLT 95.0% and NMT 130.0% of the labeled amount of lutein
(C40 H56 O2 ). It may contain NMT 9% of zeaxanthin of the total carotenoid content.
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Sample solution: Prepare as directed for the Sample solution in the test for Content of
Total Carotenoids.
Wavelength range: 300–700 nm
Ratio: A446 /A474 , 1.09–1.14
• B. The retention time of the major peak of the Sample solution corresponds to that of the
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Standard solution, as obtained in the test for Content of Lutein.
COMPOSITION
• Content of Total Carotenoids
Diluent: Hexanes, acetone, toluene, and dehydrated alcohol (10:7:7:6)
Sample stock solution: Weigh NLT 10 Capsules in a tared weighing bottle. With a sharp
blade or by other appropriate means, carefully open the Capsules, without loss of the shell
material, and transfer as much as possible of the combined Capsule contents to a suitable
container. Remove any adhering substance from the emptied Capsules and shell remains
by washing with several small portions of n-hexane. Discard the washings, and allow the
empty Capsules and shell remains to dry in a current of dry air until the odor of n-hexane
is no longer perceptible. Weigh the empty Capsules and shell remains in the original tared
weighing bottle, and calculate the average net weight per Capsule by difference. Dissolve
an accurately weighed portion of the combined Capsule contents in Diluent by stirring with
a magnetic bar for 30 min, and dilute with Diluent to a designated volume to obtain a
solution with a nominal concentration of 0.2 mg/mL of lutein.
Sample solution: Dilute a portion of the Sample stock solution with dehydrated alcohol to
prepare a solution with a nominal concentration of 2.0 µg/mL of lutein.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Analytical wavelength: 446 nm
Cell path: 1 cm
Blank: Dehydrated alcohol
Analysis
Sample: Sample solution

851 .)

Calculate the content of total carotenoids as lutein (C40 H56 O2 ), (T), in mg/Capsule, in the
Capsules taken:
Result = [(A × D × V)/(F × W)] × Aw
A= absorbance of the Sample solution
D= dilution to obtain the Sample solution from Sample stock solution
V= volume of the Sample solution (mL)
F= absorptivity of the lutein in alcohol, 255.0 (mL/mg·cm)
W= weight of capsule contents to prepare the Sample stock solution (mg)
Aw
= average weight of capsule contents (mg/Capsule)
• Content of Lutein and Zeaxanthin
Mobile phase: Hexane and ethyl acetate (3:1)
Standard solution: 150 µg/mL of USP Lutein RS in Mobile phase
Sample solution: Transfer 1 mL of the Sample stock solution from the test for Content of
Total Carotenoids, and evaporate under a stream of nitrogen to dryness. Add 1 mL of
Mobile phase, and sonicate to dissolve.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV-Vis at 446 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
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Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for lutein and zeaxanthin are about 1.0 and 1.05,
respectively.]
Suitability requirements
Resolution: NLT 1.0 between lutein and zeaxanthin
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Sample: Sample solution
Calculate the percentage of the labeled amount of lutein in the Capsules taken:
Result = [(rU/rT) × T] × (100/L)
r=
U peak response of lutein
r=
T sum of the responses of all the peaks
T= content of total carotenoids as determined in the test for Content of Total Carotenoids
(mg/Capsule)
L= labeled amount of lutein (mg/Capsule)
Calculate the percentage of zeaxanthin relative to the total carotenoid content in the
Capsules taken:
Result = (rZ/rT) × 100
r=
Z peak response of zeaxanthin
r=
T sum of the responses of all the peaks
Acceptance criteria: 95.0%–130.0% of the labeled amount of lutein; NMT 9.0% of
zeaxanthin in the total carotenoid content
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Disintegration
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: Label it to indicate the amount of lutein and the amount of zeaxanthin per
Capsule.
• USP Reference Standards
USP Lutein RS

11

2S (USP36)

BRIEFING
Minerals Capsules, USP 35 page 1391. On the basis of comments received from the General
Chapters—Chemical Analysis Expert Committee, it is proposed to eliminate Iodide, Method 2
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because the procedure described in Automated Methods of Analysis 16 is considered
outdated. Interested parties are encouraged to submit comments on the proposed deletion,
and modern alternative analytical procedures for high throughput analysis of this component.
(DS: N. Davydova.)
Correspondence Number—C119367

Comment deadline: November 30, 2012
Minerals Capsules
DEFINITION
Minerals Capsules contain two or more minerals derived from substances generally recognized
as safe, furnishing two or more of the following elements in ionizable form: boron, calcium,
chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc. Capsules contain NLT 90.0% and
NMT 125.0% of the labeled amounts of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V). They contain no vitamins. They
may contain other labeled added substances in amounts that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used. Commercially available
atomic absorption standard solutions for the minerals, where applicable, may be used where
preparation of a Standard stock solution is described in the following assays. Use deionized
water where water is specified. Where atomic absorption spectrophotometry is specified in the
assay, the concentrations of the Standard solutions and the Sample solutions may be modified
to fit the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Polysorbate 80 solution: Dilute polysorbate 80 with alcohol (1 in 10)
Sample solution: Transfer 5 Capsules to a 100-mL volumetric flask. [Note—For hard
gelatin Capsules, weigh NLT 20 Capsules. Open the Capsules, without loss of shell
material, and transfer the contents to a suitable container. Remove any contents adhering
to the empty shells by washing with several portions of ether. Discard the washings, and

PF 38(5): Sep.-Oct. 2012

332

allow the Capsule shells to dry. Weigh the empty Capsule shells, calculate the net weight
of the Capsule contents, and transfer a portion of the Capsule contents, equivalent to 5
Capsules, to a 100-mL volumetric flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric
acid, and 1 mL of Polysorbate 80 solution to the flask. Heat on a hot plate or steam bath,
with intermittent swirling, until the Capsules are completely disintegrated or the contents
are dissolved. Boil gently for an additional 15 min. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of Lanthanum chloride
solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h, in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry

851 .)
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Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Chromium emission line at 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid, and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Capsules
taken:
Result = (C/CU) × 100
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C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water in a
1000-mL volumetric flask. Allow the solution to equilibrate to room temperature, and dilute
with water to volume. Adjust with a few drops of acetic acid to a pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator, in water
Intermediate stock solution A: 100 µg/mL of fluoride from Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from Fluoride standard stock solution
diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1
N hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium
citrate solution. Dilute with water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel-reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
the potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in µg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
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C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution:
[Note—Condition the solid-phase extraction column specified for use in the Standard
solution and Sample solution in the following manner. Using a vacuum at a pressure not
exceeding 5 mm of mercury, wash the column with 1 column volume of methanol followed
by 1 column volume of pH 10.0 buffer. Do not allow the column top to dry. If the top of
the column becomes dry, recondition the column.]
Transfer 10.0 mL of the Standard stock solution to a 100-mL volumetric flask. Add 75 mL
of water, and adjust with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water
to volume. Filter, discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate
to a 50-mL volumetric flask. Add 15.0 mL of water, and adjust with 0.1 N sodium
hydroxide to a pH of 10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this
solution through a 3-mL solid-phase extraction column containing L1 packing that is
connected through an adaptor to a second solid-phase extraction column containing
sulfonylpropyl strong cation-exchange packing. Discard the first 3 mL of the eluate, and
collect the rest of the eluate in a suitable flask for injection into the chromatograph.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL container. If
necessary, remove any contents adhering to the empty shells by washing with several
portions of ether. Discard the washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 1 mg of fluorine, to a 100-mL volumetric
flask. Add 15 mL of water, and shake vigorously. Rinse the sides of the flask with 15 mL of
water, and allow to stand for 10 min. Dilute with water to 85 mL, adjust with 1 N sodium
hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL. Proceed as directed in
Standard solution, beginning with “Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
Change to read:
• Iodide, Method 1
2S (USP36)

Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis: Remove the contents of Capsules by cutting open the Capsules. Mix, and
determine the weight of the contents. Transfer a quantity of the contents, equivalent to
3 mg of iodine, to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v)
sodium hydroxide solution, and 10 mL of alcohol, taking care that the entire specimen is
moistened. Heat the crucible on a steam bath to evaporate the alcohol, then dry the
crucible at 100 for 30 min to prevent spattering upon subsequent heating. Transfer the
crucible with its contents to a furnace heated to 500 , and heat the crucible for 15 min.
[Note—Heating at 500 is necessary to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure complete carbonization of all organic
matter.] Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and
boil gently for 10 min. Filter the solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add phosphoric acid until the solution is
neutral to methyl orange, then add 1 mL excess of phosphoric acid. Add excess of
Bromine water, and boil the solution gently until colorless and then for 5 min longer. Add a
few crystals of salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid
and 0.5 g of potassium iodide, and titrate the liberated iodine with 0.005 N sodium
thiosulfate VS, adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Capsules
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA= actual normality of the sodium thiosulfate solution used (meq/mL)
F = correction factor to convert mg to µg, 1000 µg/mg
Ime
= milliequivalent of I, 21.16 mg/meq
Aw= average weight of the Capsules content
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W= weight of the sample of Capsules content taken
L = labeled amount of iodine (µg/Capsule)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
Delete the following:
• Iodide, Method 2: Proceed as directed in Automated Methods of Analysis 16 , Assay for
Iodide.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I) 2S (USP36)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 5 µg/mL of iron and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
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3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line at 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese, weighed, to a 1000mL volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene

851 .)
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Analytical wavelength: Manganese emission line at 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from Molybdenum standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min. Cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except take a number of
Capsules or a portion of Capsule contents, equivalent to 1000 µg of molybdenum, and
make appropriate dilutions to obtain a final concentration of 10 µg/mL of molybdenum,
omitting the addition of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Molybdenum emission line at 313.3 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
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Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 g of stannous chloride to a beaker, add 20
mL of 6.5 N hydrochloric acid, and heat the solution until the stannous chloride is
dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum from ammonium molybdate, in water
Sample: Remove the contents of a counted number of Capsules by cutting open the
Capsules. Mix, and determine the weight of the contents. Use a quantity of Capsule
contents, equivalent to a nominal amount of 40 µg of molybdenum
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample

851 .)

Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to each beaker to complete 50 mL in each beaker. Gently boil the
water solutions for a few min. Cool to room temperature. Add 2 drops of methyl orange TS
and neutralize with ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively
transfer the contents of the beakers to separate 100-mL volumetric flasks, rinse the
beakers with water, transfer the rinsings to the corresponding volumetric flasks, and dilute
with water to volume. Transfer 50.0 mL of each solution to separatory funnels. To each
separatory funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate
solution, 4.0 mL of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride
solution, and 15.0 mL of amyl alcohol, and shake the separatory funnel for 1 min. Allow
the layers to separate, and discard the aqueous layers. Add 25 mL of Diluted stannous
chloride solution to each separatory funnel, and shake gently for 15 s. Allow the layers to
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separate, and discard the aqueous layers. Transfer the organic layers from each
separatory funnel to a centrifuge tube, and centrifuge at 2000 rpm for 10 min. Determine
the absorbances of the organic phases from the Standard solution and the Sample, and
correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the solution from the Sample
AS= absorbance of the solution from the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal concentration of molybdenum in the Sample (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and digest on a hot plate for
30 min. Add 15 mL of hydrochloric acid, and continue the digestion to the cessation of
brown fumes. Cool, and transfer the contents of the flask to a 500-mL volumetric flask
with the aid of small portions of water. Dilute with water to volume. Transfer 10.0 mL of
this solution to a 100-mL volumetric flask, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
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solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions, against
the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Capsules taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from Potassium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of potassium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Potassium emission line at 766.5 nm
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
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Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume, to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from Selenium standard solution diluted
with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions containing 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule content,
equivalent to 1000 µg of selenium, to 12 mL of nitric acid. [Note—The volume of nitric acid
may be varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask
to disperse the sample specimen. Sonicate for 10 min or until the sample specimen is
completely dissolved. Gently boil the solution for 15 min, and cool to room temperature.
Carefully add 8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes
appear, and swirl the flask to dissipate the fumes. Repeat the heating and swirling until
the fumes appear again. Cool to room temperature. Transfer the contents of the flask to a
50-mL volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Selenium emission line at 196.0 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
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Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, add hydroxylamine
hydrochloride, then dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10.0 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to a nominal amount of 20 µg of selenium, to a suitable flask. Add 10 mL of
nitric acid, and warm gently on a hot plate. Continue heating until the initial nitric acid
reaction has subsided, then add 3 mL of perchloric acid. [Caution—Exercise care at this
stage because the perchloric acid reaction becomes vigorous.] Continue heating on the
hot plate until the appearance of white fumes of perchloric acid or until the digest begins
to darken. Add 0.5 mL of nitric acid and resume heating, adding additional amounts of
nitric acid if further darkening occurs. Digest for 10 min after the first appearance of
perchloric acid fumes or until the digest becomes colorless. Cool the flask. Add 2.5 mL of
Hydrochloric acid solution, and return the flask to the hot plate to expel residual nitric
acid. Heat the mixture for 3 min after it begins to boil. Cool the flask to room temperature,
and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1-cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, Standard solution, and Blank as follows. Add 5 mL of Reagent A
to each flask, and swirl gently to mix. Adjust the solution in each flask with 50%
Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each flask,
and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and equilibrate
for 30 min, taking care that the flasks are covered to protect them from light. Cool to
room temperature, and transfer the contents of each flask to separate separatory
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funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions from the Samples against the solution from
the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M hydrochloric
acid (3.89 mg/mL), and diluted with water to final volume. [Note—Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard solution diluted with 0.125
N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 2 µg/mL of zinc and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Capsules
taken:
Result = (C/CU) × 100
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C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% (v/v) nitric acid solution to obtain a solution with final concentrations of about 1000
mg/L of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L
of manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v) hydrochloric acid solution, pipet
the appropriate amount of element standard solution into a volumetric flask, and dilute
with 20% (v/v) hydrochloric acid solution to obtain a solution with final concentrations of
about 200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium,
tin, and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent, to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution: Weigh, then transfer 5 Capsules to a 250-mL volumetric flask, and heat
gently on a hot plate until the contents begin to release. Cautiously add 25 mL of Stock
aqua regia solution in 5-mL increments, and swirl. Heat, continue to swirl until the
Capsules dissolve into the acid, immediately remove from the heat source, and add 150 mL
of water. Cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a nylon syringe filter of 5-µm pore size. If necessary, make any further adjustments
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry using a spectrometer set to measure the
emission of each mineral of interest at about the corresponding wavelength. [Note—The
operating conditions may be developed and optimized based on the manufacturer's
recommendation. The wavelengths selected should be demonstrated experimentally to
provide sufficient specificity, sensitivity, linearity, accuracy, and precision.]
System suitability
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[Note—Analyze the System suitability solution, and obtain the response as directed in
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (T W/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
TW
= average Capsule weight (mg)
L = labeled amount of the relevant element per Capsule (mg/Capsule)
Acceptance criteria: 90%–125% of the labeled amount of calcium (Ca), copper (Cu), iron
(Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); 90%–160% of
the labeled amount of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni), selenium
(Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

SPECIFIC TESTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Minerals Capsules. The label also states the
salt form of the mineral used as the source of each element. Where more than one assay
method is given for a particular mineral, the labeling states the assay method used only if
Method 1 is not used.
• USP Reference Standards
USP Sodium Fluoride RS

11
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BRIEFING
Minerals Tablets, USP 35 page 1399. On the basis of comments received from the General
Chapters—Chemical Analysis Expert Committee, it is proposed to eliminate Iodide, Method 2
because the procedure described in Automated Methods of Analysis 16 is considered
outdated. Interested parties are encouraged to submit comments on the proposed deletion,
and modern alternative analytical procedures for high throughput analysis of this component.
(DS: N. Davydova.)
Correspondence Number—C119393

Comment deadline: November 30, 2012
Minerals Tablets
DEFINITION
Minerals Tablets contain two or more minerals derived from substances generally recognized as
safe, furnishing two or more of the following elements in ionizable form: boron, calcium,
chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain NLT 90.0% and NMT
125.0% of the labeled amounts of calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg),
manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT 90.0% and NMT
160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum
(Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V). They contain no vitamins. They
may contain other labeled added substances in amounts that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used. Commercially available
atomic absorption standard solutions for the minerals, where applicable, may be used where
preparation of a standard stock solution is described in the following assays. Use deionized
water where water is specified. Where atomic absorption spectrophotometry is specified in the
assay, the concentrations of the Standard solutions and the Sample solution may be modified
to fit the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h. Dissolve in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
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equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution quantitatively with 0.125 N
hydrochloric acid, to obtain a nominal concentration of 2 µg/mL of calcium, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution/100 mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h, in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry

851 .)
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Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Chromium emission line at 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid, and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water in a
1000-mL volumetric flask. Allow the solution to equilibrate to room temperature, and dilute
with water to volume. Adjust with a few drops of acetic acid to a pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator, in water
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to a
nominal amount of 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N
hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium citrate
solution, and dilute with water to 100 mL.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
the potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in µg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution:
[Note—Condition the solid-phase extraction column specified for use in the Standard
solution and the Sample solution in the following manner. Using a vacuum at a pressure
not exceeding 5 mm of mercury, wash the column with 1 column volume of methanol
followed by 1 column volume of pH 10.0 buffer. Do not allow the column top to dry. If the
top of the column becomes dry, recondition the column.]
Transfer 10.0 mL of the Standard stock solution to a 100-mL volumetric flask. Add 75 mL
of water, and adjust with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water
to volume. Filter, discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate
to a 50-mL volumetric flask. Add 15.0 mL of water, and adjust with 0.1 N sodium
hydroxide to a pH of 10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this
solution through a 3-mL solid-phase extraction column containing L1 packing that is
connected through an adaptor to a second solid-phase extraction column containing
sulfonylpropyl strong cation-exchange packing. Discard the first 3 mL of the eluate, and
collect the rest of the eluate in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to a nominal amount of 1 mg of fluorine, to 15 mL of water, and shake
vigorously. Rinse the sides of the flask with 15 mL of water, and allow to stand for 10 min.
Dilute with water to 85 mL, adjust with 1 N sodium hydroxide to a pH of 10.4 ± 0.1, and
dilute with water to 100 mL. Proceed as directed in Standard solution, beginning with
“Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
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fluorine (F) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
Change to read:
• Iodide, Method 1
2S (USP36)

Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Tablets
Transfer a portion of finely powdered Tablets, equivalent to a nominal amount of 3 mg of
iodide, to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium
hydroxide solution, and 10 mL of alcohol, taking care that the entire specimen is
moistened. Heat the crucible on a steam bath to evaporate the alcohol, then dry the
crucible at 100 for 30 min to prevent spattering upon subsequent heating. Transfer the
crucible with its contents to a furnace heated to 500 , and heat the crucible for 15 min.
[Note—Heating at 500 is necessary to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure complete carbonization of all organic
matter.] Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and
boil gently for 10 min. Filter the solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add phosphoric acid until the solution is
neutral to methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine
water, and boil the solution gently until colorless and then for 5 min longer. Add a few
crystals of salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and 0.5
g of potassium iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V= volume of sodium thiosulfate consumed (mL)
N=A actual normality of the sodium thiosulfate solution used (meq/mL)
F= correction factor to convert mg to µg, 1000 µg/mg
I=
memilliequivalent of I, 21.16 mg/meq
A=w average weight of the Tablets
W
= weight of the portion of Tablets taken
L= labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
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Delete the following:
• Iodide, Method 2
Analysis: Proceed as directed in Automated Methods of Analysis 16 , Assay for Iodide.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I) 2S (USP36)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 5 µg/mL of iron and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 0.4 µg/mL of magnesium.
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Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line at 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese, weighed, to a 1000mL volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line at 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
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straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min. Cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to a nominal amount of
1000 µg of molybdenum, to a suitable flask, and add 12 mL of nitric acid. [Note—The
volume of nitric acid may be varied to ensure that the powder is uniformly dispersed.]
Carefully swirl the flask to disperse the test specimen. Sonicate for 10 min, or until the
test specimen is completely dissolved. Gently boil the solution for 15 min, and cool to room
temperature. Carefully add 8 mL of perchloric acid, heat until perchloric acid fumes
appear, and swirl the flask to dissipate the fumes. Repeat the heating and swirling until
the fumes appear again. Cool to room temperature. Quantitatively transfer the contents
of the flask to a 100-mL volumetric flask with the aid of the Diluent, and dilute with
Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Molybdenum emission line at 313.3 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
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Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 g of stannous chloride to a beaker, add 20
mL of 6.5 N hydrochloric acid, and heat the solution until the stannous chloride is
dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum from ammonium molybdate, in water
Sample: A portion of finely powdered powder Tablets, equivalent to a nominal amount of
40 µg of molybdenum
Instrumental conditions
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to complete 50 mL in each beaker. Gently boil the water solution for a
few min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layers from each separatory funnel to a
centrifuge tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the
organic phases from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
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Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the solution from the Tablets
AS= absorbance of the solution from the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 100 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to a nominal amount of 100 mg of phosphorus, to 25
mL of nitric acid, and digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and
continue the digestion to the cessation of brown fumes. Cool, and transfer the contents
of the flask to a 500-mL volumetric flask with the aid of small portions of water. Dilute
with water to volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and
dilute with water to volume.
Instrumental conditions
Mode: UV-Vis
Cell: 1 cm
Analytical wavelength: 650 nm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard
solution, the Sample solution, and water to provide the blank. To each of the three
flasks add 1.0 mL each of Ammonium molybdate solution, Hydroquinone solution, and
Sodium bisulfite solution, and swirl to mix. Dilute the contents of each flask with water
to volume, and allow the flasks to stand for 30 min. Determine the absorbances of the
solutions against the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
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AS= absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 1 µg/mL of potassium and omit the use of
the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Potassium emission line at 766.5 nm
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume, to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
diluted with water
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Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of the powder, equivalent to a nominal amount of
1000 µg of selenium, to a suitable flask, and add 12 mL of nitric acid. [Note—The volume
of nitric acid may be varied to ensure that the powder is uniformly dispersed.] Carefully
swirl the flask to disperse the sample specimen. Sonicate for 10 min or until the sample
specimen is completely dissolved. Gently boil the solution for 15 min, and cool to room
temperature. Carefully add 8 mL of perchloric acid to the flask, heat the flask until
perchloric acid fumes appear, and swirl the flask to dissipate the fumes. Repeat the
heating and swirling until the fumes appear again. Cool to room temperature. Transfer the
contents of the flask to a 50-mL volumetric flask with the aid of the Diluent, and dilute
with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Selenium emission line at 196.0 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, add hydroxylamine
hydrochloride, and then dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
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of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10.0 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to a nominal
amount of 20 µg of selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently
on a hot plate. Continue heating until the initial nitric acid reaction has subsided, then add
3 mL of perchloric acid. [Caution—Exercise care at this stage because the perchloric acid
reaction becomes vigorous.] Continue heating on the hot plate until the appearance of
white fumes of perchloric acid or until the digest begins to darken. Add 0.5 mL of nitric
acid, and resume heating, adding additional amounts of nitric acid if further darkening
occurs. Digest for 10 min after the first appearance of perchloric acid fumes or until the
digest becomes colorless. Cool the flask, add 2.5 mL of Hydrochloric acid solution, and
return the flask to the hot plate to expel residual nitric acid. Heat the mixture for 3 min
after it begins to boil. Cool the flask to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1 cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions from the Samples against the solution from
the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the cyclohexane layer from the Sample solution
AS= absorbance of the cyclohexane layer from the Standard solution
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V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M hydrochloric
acid (3.89 mg/mL), diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric
acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from the Zinc standard stock solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 2 µg/mL of zinc and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
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System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary
to include the minerals of interest in the solution.]Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% (v/v) nitric acid solution to obtain a solution with final concentrations of about 1000
mg/L of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L
of manganese, 800 mg/L of phosphorus, and 250 mg/mL of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.]Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v) hydrochloric acid solution, pipet
the appropriate amount of element standard solution into a volumetric flask, and dilute
with 20% (v/v) hydrochloric acid solution to obtain a solution with final concentrations of
about 200 mg/L of boron, and 100 mg/L of chromium, molybdenum, nickel, selenium, tin,
and vanadium each.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals found in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT 20 Tablets. Transfer a portion,
equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask. Slowly add 25
mL of Stock aqua regia solution in 5-mL increments, followed by mixing. [Note—If the
sample contains a carbonate, bubbling will occur. Wait until bubbling ends to proceed.]
Bring the solution to a boil on a hot plate. Continue to heat gently until fumes cease
(about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.] Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a 5-µm pore size nylon syringe filter. If necessary, make any further dilutions using
the Diluent.
Sample solution 2 (for Tablets containing minerals found only in Standard stock solution
2): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Filter about 30 mL into a centrifuge tube using a 5-µm pore size nylon
syringe filter. If necessary, make any further dilutions using the Diluent.
Sample solution 3 (for Tablets containing minerals found only in Standard stock solution
1): Weigh and finely powder NLT 20 Tablets. Transfer a weighed portion, equal to the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
regia solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently (about 1 h) until fumes cease. Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a 5-µm pore size nylon syringe filter. If necessary, make any further dilutions using
the Diluent.
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Instrumental conditions
(See Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry using a spectrometer set to measure the
emission of each mineral of interest at about the corresponding wavelength. [Note—The
operating conditions may be developed and optimized based on the manufacturer's
recommendation. The wavelengths selected should be demonstrated experimentally to
provide sufficient specificity, sensitivity, linearity, accuracy, and precision.]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed for
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (T W/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
TW
= average Tablet weight (mg)
L = labeled amount of the relevant element/Tablet (mg)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amount of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

SPECIFIC TESTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Minerals Tablets. The label also states the
salt form of the mineral used as the source of each element. Where more than one assay
method is given for a particular mineral, the labeling states the assay method used only if
Method 1 is not used.
• USP Reference Standards
USP Sodium Fluoride RS

11
BRIEFING

Oil- and Water-Soluble Vitamins Capsules, USP 35 page 1482. On the basis of comments
received from the General Chapters Chemical Analysis Expert Committee, it is proposed to
eliminate Ascorbic Acid, Method 2; Calcium Ascorbate, Method 2; and Sodium Ascorbate,
Method 2 because the procedure described in Automated Methods of Analysis 16 is
considered outdated. Interested parties are encouraged to submit comments on the
proposed deletions and modern alternative analytical procedures for high throughput analysis
of these components.
(DS: N. Davydova.)
Correspondence Number—C119395

Comment deadline: November 30, 2012
Oil- and Water-Soluble Vitamins Capsules
DEFINITION
Oil- and Water-Soluble Vitamins Capsules contain one or more of the following oil-soluble
vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin D3 ),
Vitamin E, Phytonadione (Vitamin K1 ), and Beta Carotene; and one or more of the following
water-soluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium
Ascorbate, Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Dexpanthenol or
Panthenol, Pantothenic Acid (as Calcium Pantothenate or Racemic Calcium Pantothenate),
Pyridoxine Hydrochloride, Riboflavin, and Thiamine Hydrochloride or Thiamine Mononitrate.
Capsules contain NLT 90.0% and NMT 165.0% of the labeled amounts of vitamin A (C20 H30 O)
as retinol or esters of retinol in the form of retinyl acetate (C22 H32 O2 ) or retinyl palmitate
(C36 H60 O2 ); vitamin D as cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O); vitamin E as
alpha tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ); phytonadione (C31 H46 O2 ); and beta carotene (C40 H56 ); and NLT 90.0%
and NMT 150.0% of the labeled amounts of ascorbic acid (C6 H8 O6 ) or its salts as calcium
ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), biotin (C10 H16 N2 O3 S),
cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O), dexpanthenol (C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), calcium pantothenate
(C18 H32 CaN2 O10 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate.
They do not contain any minerals. They may contain other labeled added substances that are
generally recognized as safe, in amounts that are unobjectionable.
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STRENGTH
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: Transfer the contents of NLT 20 Capsules to a suitable container, mix,
and weigh. Transfer a portion of the mixture, equivalent to 5 Capsules, to a container with
a polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as completely as
possible, the contents of NLT 20 Capsules by cutting open the Capsule shells, transferring
the shells and their contents to a suitable container, and triturating to a homogeneous
mass. Transfer a portion of the mass, equivalent to 5 Capsules, to a container with a
polytef-lined screw cap.] Add 10 mL of dimethyl sulfoxide and 15 mL of n-hexane, and
shake for 45 min on a wrist-action shaker in a water bath maintained at 60 . [Note—Set
up the wrist-action shaker to ensure that the contents of the container are mixed
vigorously and thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the hexane
layer by means of a pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane to the
dimethyl sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane layer by
means of a pipet to the 100-mL volumetric flask. Repeat this extraction with three
additional 15-mL portions of n-hexane. Dilute the extracts in the volumetric flask with nhexane to volume. Dilute a volume of this solution with n-hexane to obtain a solution with
a concentration of 15 µg/mL of vitamin A as retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate obtained from the Standard solution
and the peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate in the
chromatogram of the Sample solution. For products containing vitamin A acetate or
vitamin A palmitate, calculate the percentage of the labeled amount of vitamin A, as
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retinol (C20 H30 O), in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7:0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Weigh NLT 20 Capsules in a
tared weighing bottle. Using a sharp blade if necessary, carefully open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 30 µg of the
labeled amount of cholecalciferol or ergocalciferol (vitamin D), to a container with a
polytef-lined screw cap. If vitamin D is not present in the formulation, use a portion
equivalent to 90 mg of the labeled amount of vitamin E. If vitamin E is not present in the
formulation, use a portion equivalent to 2.5 mg of the labeled amount of vitamin A, as
retinol. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of
2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until
the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
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dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add
6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension,
and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to
form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion
and to clarify the supernatant. [Note—The supernatant is used for the determination of
vitamin A, and also vitamin D and vitamin E, if present in the formulation.] If necessary,
quantitatively dilute a volume of the supernatant with 2,2,4-trimethylpentane to obtain a
concentration close to that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 3
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
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Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add potassium hydroxide in water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of the Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of retinyl acetate from USP Vitamin A RS. Transfer 10.0 mL of
this solution to a stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. Withdraw a portion of the organic layer for injection into the
chromatograph. This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 1.5 mg of
retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of water, 15 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s or
longer, if necessary, for complete extraction. Rinse the sides of the flask with 60 mL of
water, and allow to stand for 10 min until the layers separate. [Note—Do not shake,
because an emulsion may form.] Withdraw a portion of the organic layer, and dilute
quantitatively, and stepwise if necessary, with Extraction solvent, to obtain a
concentration of 0.34 µg/mL of retinol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are about 0.92
and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol. Calculate the percentage
of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of Capsules taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2
= sum of the areas of all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Proceed as directed in Vitamin A, Method 1. Transfer NLT 20 mL of this
solution to a suitable container, and evaporate, if necessary, under vacuum at room
temperature to obtain a concentration of 2 µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
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cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75:1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
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C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8:0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of the Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60 . Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42 , and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
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solution for injection into the chromatograph.
Sample solution: Proceed as directed in Vitamin A, Method 3, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 10 µg of ergocalciferol or cholecalciferol, to a stoppered 125-mL flask, and proceed as
directed for the Standard solution, beginning with “Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Sample solution: Proceed as directed in Vitamin A, Method 1. Transfer NLT 20 mL of this
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solution to a suitable container, and evaporate if necessary, under vacuum at room
temperature to dryness. Transfer the contents of the flask to a suitable volumetric flask
with the aid of methanol, and dilute with methanol to volume, to obtain a concentration of
2 mg/mL of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: 0.8–1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
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Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
3 N methanolic sulfuric acid solution: Cautiously mix sulfuric acid and methanol (9 in 100)
in a 100-mL volumetric flask. [Note—Dissolve in a portion of methanol, cool, and then
dilute to final volume.]
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask. Add sufficient water to dissolve. Add 1.7 mL of
sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Sample solution: Proceed as directed in Vitamin A, Method 2, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 55 mg of vitamin E, to a container with a polytef-lined screw cap. Add 0.5 g of sodium
bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and
disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–pyrogallol solution, shake
slowly, and allow the solution to degas. Continue shaking until the evolution of gas has
ceased, and then shake for an additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a
vortex mixer to form a suspension, and shake for 12 min. Add 6 mL of 3 N methanolic
sulfuric acid solution, mix on a vortex mixer to form a suspension, and shake for 12 min.
Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension, and
shake for 10 min. Centrifuge for 10 min to break up the emulsion and to clarify the
supernatant layer. Transfer a volume of the supernatant 2,2,4-trimethylpentane layer to a
suitable volumetric flask, the volume of the specimen withdrawn from the 2,2,4trimethylpentane layer and the size of the volumetric flask being such that the final
concentration of the Sample solution is equivalent to that of the Standard solution.
Evaporate nearly to dryness, add several mL of methanol, and evaporate the remaining
2,2,4-trimethylpentane. Dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
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succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:46.5:7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Proceed as directed in Vitamin A, Method 3, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 8.0 mg of alpha tocopherol, to a glass-stoppered conical flask. Add 25.0 mL of water,
25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide pellets. Shake for 1 h in
a water bath maintained at 55 . Cool, and transfer with the aid of a minimum volume of
water to a 125-mL separatory funnel. Rinse the flask with 50 mL of n-hexane, and add the
rinsing to the separatory funnel. Insert the stopper, shake vigorously for 60 s, and allow
the layers to separate. Drain the aqueous layer into a second 250-mL separatory funnel,
and repeat the extraction with 50 mL of n-hexane. Discard the aqueous layer, and
combine the hexane extracts. Wash the combined extracts with 25 mL of water, allow the
layers to separate, and discard the aqueous layer. Add 3 drops of glacial acetic acid, and
repeat the washing procedure two more times. Filter the washed hexane layer through
anhydrous sodium sulfate into a 250-mL round-bottom flask. Rinse the funnel and sodium
sulfate with a few mL of n-hexane, and add the rinsing to the hexane solution in the flask.
Place the flask in a water bath maintained at 50 , and evaporate the hexane solution with
the aid of a rotary evaporator to dryness. Immediately add 25.0 mL of Diluent, and swirl to
dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E as
alpha tocopherol (C29 H50 O2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E as alpha tocopherol in the Sample solution (mg/mL)
[Note—Calculate the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl
acid succinate (C33 H54 O5 ) by dividing the content, in mg/Capsule of vitamin E as alpha
tocopherol (C29 H50 O2 ), by the factor 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Phytonadione
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
Sample solution: Transfer NLT 20 mL of the solution retained as specified in the directions
for the Sample solution in Vitamin A, Method 1 to a suitable container, and evaporate, if
necessary, under vacuum at room temperature to dryness. Transfer the contents of the
flask to a suitable volumetric flask with the aid of methanol, and dilute with methanol to
volume to obtain a concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
about 0.68 and 1.0, respectively.]
Suitability requirements
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Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of phytonadione
(C31 H46 O2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for phytonadione from the Sample solution
rS= peak area for phytonadione from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: Transfer 10 mg of iodine to a 100-mL volumetric flask. Dissolve in
cyclohexane, and dilute with cyclohexane to volume. Dilute 10 mL of this solution with
cyclohexane to 100 mL. [Note—Prepare this solution fresh daily.]
Sample solution A (for preparations containing beta carotene in oil solutions): Proceed as
directed in Vitamin A, Method 1, except use cyclohexane instead of n-hexane as the
extraction solvent, and dilute the filtered extracts with cyclohexane, to obtain a
concentration of 2 µg/mL of beta carotene.
Sample solution B (for preparations containing beta carotene in dry powder): Remove the
contents of NLT 20 Capsules by cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the Capsule contents, equivalent to 2 mg of beta
carotene, to a 500-mL saponification flask. Add 100 mL of alcohol, 6 mL of Potassium
hydroxide solution, and a magnetic stirring bar. Attach an air condenser to the flask, and
heat under reflux for 45 min with constant stirring. Cool to room temperature. Add 170 mL
of solvent hexane, and stir for 30 min. Quantitatively transfer the contents of the flask to
a 500-mL separatory funnel with portions of solvent hexane. Allow the layers to separate
for 5–10 min, and transfer the upper organic layer to a 500-mL volumetric flask. Transfer
the lower aqueous layer into the saponification flask. Add 170 mL of solvent hexane, and
stir for an additional 20 min. Quantitatively transfer the contents of the saponification
flask to the separatory funnel with the aid of portions of solvent hexane. Allow the layers
to separate for 10 min. Drain the lower aqueous layer, and discard. Transfer the organic
layer to the volumetric flask containing the previously collected organic layer. Rinse the
separatory funnel with small portions of solvent hexane, and transfer the washings to the
volumetric flask. Dilute the hexane extracts with solvent hexane to volume. Add 3 g of
anhydrous sodium sulfate, shake, and allow to settle. Quantitatively transfer a volume of
this solution, equivalent to 100 µg of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and immediately add cyclohexane. Add 2
mL of Iodine solution, and heat for 15 min in a water bath maintained at 65 . Cool rapidly,
and dilute with cyclohexane to volume.
Instrumental conditions
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(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Samples: Sample solution A or Sample solution B
Determine the absorbance against the Blank. Calculate the percentage of the labeled
amount of beta carotene (C40 H56 ) in the portion of Capsules taken:
Result = (AU/F) × (100/CU)
A=
U absorbance of Sample solution A or Sample solution B
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in Sample solution A or Sample solution B
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Change to read:
• Ascorbic Acid, Method 1
2S (USP36)

Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to 100 mg of ascorbic acid, to a 200-mL
volumetric flask, and add 75 mL of metaphosphoric–acetic acids TS. Insert a stopper into
the flask, and shake by mechanical means for 30 min. Dilute with water to volume.
Transfer a portion of the solution to a centrifuge tube, and centrifuge until a clear
supernatant is obtained. Pipet 4.0 mL of this solution into a 50-mL conical flask, and add 5
mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Capsule.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Ascorbic Acid, Method 2: Proceed as directed in Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP36)

Change to read:
• Calcium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
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2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
Delete the following:
• Calcium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Sodium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
Delete the following:
• Sodium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP36)
Change to read:
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL of dimethyl
sulfoxide, and swirl to wet the contents. Place the flask in a water bath at 60 –70 for 5
min. Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements

PF 38(5): Sep.-Oct. 2012

381

Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the biotin peaks. Calculate the percentage of the labeled
amount of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50%
alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5
min. Sonicate for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of
the filtrate quantitatively, and stepwise if necessary, with water to obtain a solution
having a concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
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dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
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transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of the
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength of 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall within
the range of lowest and highest points plotted for the Standard. Subtract from each
logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the values of X for each of three or
more dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
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solution. Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Capsules
taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of Capsules taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to 100 µg of cyanocobalamin, to a 250-mL
flask. Add 100.0 mL of water, and carefully extract for 2 min. Filter 10 mL of the extract,
and use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of Capsule contents taken, 25 mL of an aqueous extracting solution prepared just
before use to contain 12.9 mg/mL of dibasic sodium phosphate, 11.0 mg/mL of anhydrous
citric acid, and 10 mg/mL of sodium metabisulfite. Autoclave the mixture at 121 for 10
min. Allow any undissolved particles of the extract to settle, and filter or centrifuge, if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method
2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method
2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
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ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving cystine and
tryptophan in the hydrochloric acid before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve the dextrose, sodium acetate, and ascorbic
acid. Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of between 5.5 and 6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
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with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of the Basal medium stock solution with
an equal volume of water. Place 10-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.2
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
containing 10 mL of the Culture medium each. Incubate these cultures for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Under aseptic conditions
centrifuge the cultures, and decant the supernatant. Suspend the cells from the culture in
5 mL of sterile Suspension medium, and combine. Using sterile Suspension medium, adjust
the volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read
on a suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped
with a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in400 dilution of the adjusted suspension using sterile Basal medium stock solution. [Note
—This dilution may be altered, when necessary, to obtain the desired test response.] The
cell suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test
tubes, and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
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the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating contents, read the transmittance at 530 nm when a steady
state is reached. This steady state is observed a few seconds after agitation when the
reading remains constant for 30 s or more. Allow approximately the same time interval for
the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5%, or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following procedure.
Test for and replace any aberrant individual transmittances. For each level of the
Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of three
or more dosage levels to obtain X, which equals the log-relative potency, M¢, of the
Sample solution. Determine the quantity, in µg, of cyanocobalamin in the portion of
Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in the portion of Capsules taken
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Calculate the percentage of the labeled amount of cyanocobalamin in the portion of
Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 111 , The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ by
more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer an amount of Capsule
contents to a suitable centrifuge tube, and add a volume of the Internal standard solution
to obtain a concentration of 0.016 mg/mL of folic acid. Shake by mechanical means for 10
min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
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Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of a mixture of
methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene
glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 0.3 mg of folic acid, to a 125-mL stoppered flask. Add 10.0 mL of
a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol
and ethylene glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool.
Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
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Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Dexpanthenol or Panthenol
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS, or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator, protected from light, and use
within 30 days.
Standard solution: On the day of the assay, prepare a dilution of 1.2 µg/mL of
dexpanthenol or 2.4 µg/mL of panthenol from the Standard stock solution diluted with
water.
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents as completely as possible to a
beaker. Remove any contents adhering to the empty Capsule shells by washing with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Dissolve a portion of the Capsule contents, equivalent to 1.2 mg of dexpanthenol
or 2.4 mg of panthenol, in 100.0 mL of water. Quantitatively dilute a portion of this
solution with water to obtain a concentration of 1.2 µg/mL of dexpanthenol or 2.4 µg/mL
of panthenol.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
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under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
hydrochloric acid solution (1 in 2) dropwise, with stirring, until the solids are dissolved.
Cool, and dilute with water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool.
Dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in neutral
25% alcohol. Store in a refrigerator.
Salt solution A: 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of dibasic
potassium phosphate in water. Add 10 drops of hydrochloric acid per L of solution. Store
under toluene.
Salt solution B: 20 mg/mL of magnesium sulfate, 1 mg/mL of sodium chloride, 1 mg/mL of
ferrous sulfate, and 1 mg/mL of manganese sulfate in water. Add 10 drops of hydrochloric
acid per L of the solution. Store under toluene.
Pyridoxal–calcium pantothenate solution: 200 µg/mL of pyridoxal hydrochloride and
1.875 µg/mL of calcium pantothenate in 10% alcohol. Store in a refrigerator, and use
within 30 days.
Polysorbate 40–oleic acid solution: 50 mg/mL of polysorbate 40 and 0.5 mg/mL of oleic
acid in 20% alcohol. Store in a refrigerator, and use within 30 days.
Modified pantothenate medium: Dissolve anhydrous dextrose and sodium acetate in the
solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Finally, dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
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pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH of 6.5–6.6, and dilute with water to 1000 mL. Add 10mL portions of the solution to culture tubes, place caps on the tubes, and sterilize in an
autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator. Prepare a stock
culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at 35 for 20–24 h,
and store in a refrigerator. Maintain the stock culture by monthly transfer onto fresh
slants.
Inoculum: Inoculate three 250-mL portions of sterile Modified pantothenate medium from
a stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with sterile Modified pantothenate medium.
Resuspend the cells in sufficient sterile Modified pantothenate medium so that a 1-in-50
dilution, when tested in a 13-mm diameter test tube, gives 80% light transmission at 530
nm. Transfer 1.2-mL portions of this stock suspension to sterile glass ampuls, seal, freeze
in liquid nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to
reach room temperature, mix the contents, and dilute 1 mL of thawed culture with sterile
saline TS to 150 mL. [Note—This dilution may be altered when necessary to obtain the
desired test response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube. Cover the
tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to room
temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the Inoculum.
Allow to incubate at 37 for 16 h. Terminate growth by heating to a temperature NLT 80 ,
such as by steaming at atmospheric pressure in a sterilizer for 5–10 min. Cool, and
determine the percentage transmittance of the suspensions, in cells of equal pathlength,
on a suitable spectrophotometer, at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percentage of transmittance, for each set of tubes of the standard
curve against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency of each tube containing portions of the Sample solution. Divide
the potency of each tube by the amount of the Sample solution added to it, to obtain the
individual responses. Calculate the mean response by averaging the individual responses
that vary from their mean by NMT 15%, using NLT half the total number of tubes.
Calculate the potency of the portion of the material taken for assay, by multiplying the
mean response by the appropriate dilution factor. Calculate the percentage of the labeled
amount of dexpanthenol or panthenol in the portion of Capsules taken:

PF 38(5): Sep.-Oct. 2012

394

Result = (P/N) × 100
P= potency of dexpanthenol or panthenol in the portion taken (mg)
N= nominal amount of dexpanthenol or panthenol in the portion taken (mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
Change to read:
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in the Internal standard
solution
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” To a centrifuge tube transfer an
amount of mixed Capsule contents and a volume of Internal standard solution to obtain a
concentration of 0.6 mg/mL in the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and the internal standard.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
R=
S peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
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(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume, to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 50 mg of calcium pantothenate, to a 1000-mL volumetric flask
containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate
solution (16.66 mg/mL), dilute with water to volume, and filter. Dilute a volume of this
solution to obtain a solution with approximately the same concentration as that of the
Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
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under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 4, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum1 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: Add 5.0 mL of water containing 0.2 µg of calcium pantothenate to each
of a series of test tubes containing 5.0 mL of Basal medium stock solution. Plug the tubes
with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
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solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall within
the range of the lowest and highest points plotted for the Standard. Subtract from each
logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the values of X for each of three or
more dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution. Determine the quantity, in mg, of calcium pantothenate in the portion of
Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Capsules
taken
Calculate the percentage of calcium pantothenate in the portion of Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Capsules taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays

111 , The Confidence Interval and Limits of Potency). If the two
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determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the net weight of the Capsule contents.” Transfer a portion of the
Capsule contents, equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric
flask. Add 10 mL of methanol, and swirl the flask to disperse the Capsules contents. Dilute
with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
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Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride,
riboflavin, and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent,
and mix using a vortex mixer for 30 s to completely suspend the powder. Immerse the
centrifuge tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a
vortex mixer for 30 s. Return the tube to the hot water bath, heat for another 5 min, and
mix on a vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature,
and use the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
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C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
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flask. Dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Weigh NLT 20
Capsules in a tared weighing bottle. Open the Capsules, without loss of shell material, and
transfer the contents to a beaker. Remove any contents adhering to the shells by
washing with several portions of ether. Discard the washings, and dry the Capsule shells
with the aid of a current of dry air. Weigh the empty Capsule shells in the tared weighing
bottle, and calculate the net weight of the Capsule contents. Transfer a portion of the
Capsule contents, equivalent to 2 mg of riboflavin, to a 200-mL volumetric flask. If
riboflavin is not present in the formulation, use a portion equivalent to 2 mg of pyridoxine.
If pyridoxine is not present in the formulation, use a portion equivalent to 20 mg of niacin
or niacinamide. Add 100.0 mL of Extraction solvent, and mix for 20 min, using a wristaction shaker. Immerse the flask in a water bath maintained at 70 –75 , and heat for 20
min. Mix on a vortex mixer for 30 s, cool to room temperature, and filter. Use the clear
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, Standard stock solution, Standard solution,
Sample solution, and Chromatographic system: Using USP Niacinamide RS in place of
USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount
of niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: 20 µg/mL of USP Pyridoxine Hydrochloride RS from the Standard stock
solution diluted with Extraction solvent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 g/L of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
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triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of the Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 g/L of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the net weight of the Capsule contents.” Mix a portion of the Capsule
contents with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02
mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30
min. Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system

PF 38(5): Sep.-Oct. 2012

404

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
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Standard solution: Transfer 5.0 mL of the Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a stoppered
125-mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0
mL of a mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15
min in a water bath maintained at 60 , and cool. Filter, discarding the first few mL of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the peaks. Calculate the percentage of the labeled amount of niacin
(C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
(for products containing thiamine hydrochloride) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)

PF 38(5): Sep.-Oct. 2012

406

For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:4 The label states that the product is Oil- and Water-Soluble Vitamins Capsules.
The label also states the quantity of each vitamin per dosage unit and, where necessary,
the chemical form in which it is present. Where the product contains vitamin E, the label
indicates whether it is the d- or dl- form. Where more than one assay method is given for
a particular vitamin, the labeling states with which assay method the product complies only
if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Biotin RS
1H-Thieno3,4-dimidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-(3a ,4 ,6a )-;
(3aS,4S,6aR)-Hexahydro-2-oxo-1H-thieno3,4-dimidazole-4-valeric acid.
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
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-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-;
Calcium d-pantothenate (1:2).
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-;
Cholecalciferol.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Dexpanthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethyl-, (R)-;
d-(+)-2,4-Dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbutyramide.
C9 H19 NO4
205.25
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-;
Ergocalciferol.
C28 H44 O
396.65
USP Folic Acid RS
l-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6pteridinyl)methyl]amino]benzoyl]-;
Folic acid;
N-[p-[[(2-Amino-4-hydroxy-6-pteridinyl)methyl]amino]-benzoyl]-l-glutamic acid.
C19 H19 N7 O6
441.40
USP Niacin RS
3-Pyridinecarboxylic acid;
Nicotinic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide;
Nicotinamide.
C6 H6 N2 O
122.12
USP Phytonadione RS
1,4-Naphthalenedione, 2-methyl-3-(3,7,11,15-tetramethyl-2-hexadecenyl)-, [R[R*,R*-(E)]]-;
Phylloquinone.
C31 H46 O2
450.70
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride;
Pyridoxol hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Thiamine Hydrochloride RS
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Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride;
Thiamine monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 Pure cultures of Lactobacillus leichmannii may be obtained as No. 7830 from ATC C , 10801 University Blvd.,
Manassas, VA 20110-2209.
3 ATC C No. 8042 is suitable.
4 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units (IU), where such formerly existed. The USP Unit for Vitamin E has been discontinued. IU for
vitamins also have been discontinued; however, the use of IU on the labels of vitamin products continues.
Where articles are labeled in terms of Units in addition to the required labeling, the relationship of the USP
Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or
0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl palmitate (vitamin A
palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene =
0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or cholecalciferol; and 1
mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl acetate = 1 former
USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin E Unit, 1 mg of dalpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate = 1.36 former
USP Vitamin E Units; and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In
terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil- and Water-Soluble Vitamins Oral Solution, USP 35 page 1501. On the basis of
comments received from the General Chapters—Chemical Analysis Expert Committee, it is
proposed to eliminate Ascorbic Acid, Method 1; Calcium Ascorbate, Method 1; and Sodium
Ascorbate, Method 1 because the procedure described in Automated Methods of Analysis
16 is considered outdated. Interested parties are encouraged to submit comments on the
proposed deletions and modern alternative analytical procedures for high throughput analysis
of these components.
(DS: N. Davydova.)
Correspondence Number—C119399

Comment deadline: November 30, 2012
Oil- and Water-Soluble Vitamins Oral Solution
DEFINITION
Oil- and Water-Soluble Vitamins Oral Solution contains one or more of the following oil-soluble
vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin D3 ), and
Vitamin E; one or more of the following water-soluble vitamins: Ascorbic Acid or its equivalent
as Calcium Ascorbate or Sodium Ascorbate, Cyanocobalamin, Niacin or Niacinamide,
Dexpanthenol or Panthenol, Pantothenic Acid (as Calcium Pantothenate or Racemic Calcium
Pantothenate), Pyridoxine Hydrochloride, Riboflavin or Riboflavin-5¢-Phosphate Sodium, and
Thiamine Hydrochloride or Thiamine Mononitrate. It contains NLT 90.0% and NMT 250.0% of the
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labeled amounts of vitamin A (C20 H30 O) as retinol or esters of retinol in the form of retinyl
acetate (C22 H32 O2 ) or retinyl palmitate (C36 H60 O2 ), vitamin D as ergocalciferol (C28 H44 O) or
cholecalciferol (C27 H44 O), vitamin E as alpha tocopherol (C29 H50 O2 ) or alpha tocopheryl
acetate (C31 H52 O3 ) or alpha tocopheryl acid succinate (C33 H54 O5 ), ascorbic acid (C6 H8 O6 ) or
its salts as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), and
thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate; NLT 90.0% and
NMT 150.0% of the labeled amounts of calcium pantothenate (C18 H32 CaN2 O10 ), dexpanthenol
(C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), pyridoxine
hydrochloride (C8 H11 NO3 ·HCl), and riboflavin (C17 H20 N4 O6 ) or riboflavin-5¢-phosphate sodium
(C17 H20 N4 NaO9 P); and NLT 90.0% and NMT 450.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P).
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Tetrahydrofuran and acetonitrile (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.33 mg/mL of retinol (C20 H30 O) from USP Vitamin A RS in Diluent.
[Note—USP Vitamin A RS is retinyl acetate. Use it to analyze Oral Solution that contains
vitamin A as retinol, retinyl acetate, or retinyl palmitate.]
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
3.3 mg of retinol, to a 500-mL separatory funnel containing 10 mL of water and 20 mL of
dehydrated alcohol. Add 150 mL of solvent hexane, insert the stopper, and shake for 1
min. Add another 150 mL of solvent hexane, insert the stopper, shake, and allow the
layers to separate. Discard the aqueous layer, and filter the solvent hexane extract
through anhydrous sodium sulfate into a 500-mL, round-bottom flask. Evaporate the
solution to dryness with the aid of a rotary evaporator over a water bath maintained at
about 65 . Immediately add 10.0 mL of Diluent, swirl to dissolve the residue, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 50-cm (prepared from two concatenated 4.6-mm × 25-cm columns);
packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of vitamin A as retinol (C20 H30 O) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of retinol or retinyl ester from the Sample solution
rS= peak area of retinyl acetate from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) in the Standard solution (µg/mL)
C=
U nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–250.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D)
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluent and Mobile phase: Prepare as directed in Vitamin A.
Standard solution: 5 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in Diluent
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
50 µg of cholecalciferol or ergocalciferol, to a 500-mL separatory funnel containing 10 mL
of water and 20 mL of dehydrated alcohol. Add 150 mL of solvent hexane, insert the
stopper, and shake for 1 min. Add another 150 mL of solvent hexane, insert the stopper,
shake, and allow the layers to separate. Discard the aqueous layer. Drain the solvent
hexane extract through anhydrous sodium sulfate into a 500-mL, round-bottom flask.
Evaporate the solution to dryness with the aid of a rotary evaporator over a water bath
maintained at about 65 . Immediately add 10.0 mL of Diluent, swirl to dissolve the residue,
and filter.
Chromatographic system: Prepare as directed in Vitamin A.
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak areas of cholecalciferol or ergocalciferol from the Sample solution
rS= peak areas of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
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F= correction factor to account for the average amount of previtamin D present in the
formulation, 1.09
Acceptance criteria: 90.0%–250.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile and ethyl acetate (1:1)
Potassium hydroxide solution: Transfer 90 g of potassium hydroxide pellets to a 100-mL
volumetric flask containing 60 mL of water. Mix to dissolve, cool, and dilute with water to
volume.
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in Diluent
Sample solution: Transfer an amount of Oral Solution equivalent to 1.5 mg of alpha
tocopherol to a 125-mL conical flask fitted with a ground-glass joint, and add 25.0 mL of
dehydrated alcohol. Attach a reflux condenser, and reflux in a boiling water bath for 1 min.
Cautiously add 3 mL of the Potassium hydroxide solution through the condenser, and
continue to reflux for 30 min. Remove the flask from the bath, and rinse the condenser
with about 15 mL of water. Cool, and transfer with a minimum volume of water to a 250mL separatory funnel. Rinse the flask with 50 mL of n-hexane, and add the rinsings to the
separatory funnel. Insert the stopper, shake vigorously for 1 min, and allow the layers to
separate. Drain the aqueous layer into a second 250-mL separatory funnel, and repeat the
extraction with 50 mL of n-hexane. Discard the aqueous layer, and combine the hexane
extracts. Wash the combined extracts with 25 mL of water, allow the layers to separate,
and discard the aqueous layer. Add 3 drops of glacial acetic acid, and repeat the washing
procedure two more times. Filter the washed hexane layer through anhydrous sodium
sulfate into a 250-mL round-bottom flask. Rinse the funnel and sodium sulfate with nhexane, and add the rinsing to the hexane solution in the flask. Evaporate the hexane
solution to dryness with the aid of a rotary evaporator over a water bath maintained at
about 50 . Immediately add 5.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E as
alpha tocopherol (C29 H50 O2 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E, as alpha tocopherol, in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–250.0% of the labeled amount of vitamin E
Delete the following:
• Ascorbic Acid, Method 1: Proceed as directed for Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–250.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP36)

Change to read:
• Ascorbic Acid, Method 2
2S (USP36)

Sample solution: Transfer an accurately measured volume of Oral Solution equivalent to
80 mg of ascorbic acid to a conical flask. Add 50 mL of water, 100 mL of 0.1 N sulfuric
acid VS, and 15.0 mL of 0.1 N iodine VS. Stir the contents for 30 s, and add 5 mL of
starch TS. Immediately titrate with 0.1 N sodium thiosulfate VS to the disappearance of
the color. Each mL of 0.1 N iodine is equivalent to 8.806 mg of ascorbic acid (C6 H8 O6 ).
Acceptance criteria: 90.0%–250.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Calcium Ascorbate, Method 1: Proceed as directed in Automated Methods of Analysis
, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–250.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Calcium Ascorbate, Method 2
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 2
2S (USP36)

Each mL of 0.1 N iodine is equivalent to 10.66 mg of calcium ascorbate (C12 H14 CaO12 ·2H2 O).
Acceptance criteria: 90.0%–250.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
Delete the following:
• Sodium Ascorbate, Method 1: Proceed as directed for Automated Methods of Analysis
16 , Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–250.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP36)
Change to read:
• Sodium Ascorbate, Method 2
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 2
2S (USP36)

16
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Each mL of 0.1 N iodine is equivalent to 9.905 mg of calcium ascorbate (C6 H7 NaO6 ).
Acceptance criteria: 90.0%–250.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
• Cyanocobalamin
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of cyanocobalamin from USP Cyanocobalamin RS in
25% alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Transfer an accurately measured volume of Oral Solution, assumed to
contain 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for each mL of the
Oral Solution taken, 25 mL of an aqueous extracting solution prepared just before use to
contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of anhydrous citric
acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for 10 min. Allow
any undissolved particles of the extract to settle, and filter or centrifuge if necessary.
Dilute an aliquot of the clear solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol. Store in a refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene protected
from light in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
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of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 1, carefully dissolving cystine and
tryptophan in the hydrochloric acid before adding the next eight solutions in the resulting
solution. Add 100 mL of water, and dissolve dextrose, sodium acetate, and ascorbic acid.
Filter if necessary, add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a
pH of 5.5–6.0, and dilute with Purified Water to 250 mL.
Table 1
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter-aid in the supernatant, and filter
with the aid of reduced pressure, through a layer of the filter-aid. Repeat if necessary
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of the Basal medium stock solution with
an equal volume of water. Place 10-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed in Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of the Culture medium add 1.0–
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1.5 g of agar, and heat the mixture on a steam bath, with stirring, until the agar
dissolves. Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize
at 121 for 15 min in an autoclave, and allow the tubes to cool in an upright position.
Inoculate three or more of the tubes by stab transfer of a pure culture of Lactobacillus
leichmannii. [Note—Before first using a fresh culture in this assay, make NLT 10
successive transfers of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus leichmannii to two sterile tubes containing 10 mL
of the Culture medium each. Incubate these cultures for 16–24 h at a temperature
between 30 and 40 held constant to within ± 0.5 . Under aseptic conditions centrifuge
the cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile Suspension medium, adjust the
volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a
suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped with
a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400
dilution of the adjusted suspension using sterile Basal medium stock solution. The cell
suspension so obtained is the Inoculum. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.]
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically using a standard wavelength cell or other suitable device. Before reading any
tests calibrate the spectrophotometer for 0% and 100% transmittance using water and
with the wavelength set at 530 nm.
Analysis: Because of the high sensitivity of the test organism to minimum amounts of
vitamin B12 activity and to traces of many cleansing agents, cleanse meticulously by
suitable means, followed preferably by heating at 250 for 2 h, using hard-glass 20-mm ×
150-mm test tubes, and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
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throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of the Inoculum to each tube so prepared except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating the contents read the transmittance at 530 nm when a
steady state is reached. This steady state is observed a few seconds after agitation
when the reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
With the transmittance set at 100% for the uninoculated blank read the transmittance of
the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, x, for each dosage level. Average the values of x for
each of three or more dosage levels to obtain x, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in the portion of Oral Solution
taken
Calculate the percentage of the labeled amount of cyanocobalamin in the portion of Oral
Solution taken:
Result = [(antilog M)/N] x 100
N= nominal amount of cyanocobalamin in the portion of Oral Solution taken
Replication: Repeat the entire determination at least once using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08 their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
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Biological Assays 111 , Vitamin B12 Activity). If the two determinations differ by more
than 0.08 conduct one or more additional determinations. From the mean of two or more
values of M that do not differ by more than 0.15 compute the mean potency of the
preparation under assay.
Acceptance criteria: 90.0%–450.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Calcium Pantothenate, Method 1
Mobile phase: 0.2 M monobasic sodium phosphate and methanol (97:3). Adjust with 1.7 M
phosphoric acid to a pH of 3.2 ± 0.1.
Standard solution: 80 µg/mL of USP Calcium Pantothenate RS in the Mobile phase
System suitability solution: 80 µg/mL of USP Racemic Panthenol RS in the Mobile phase.
Mix the resulting solution and the Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of calcium pantothenate from Oral Solution in the
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between panthenol and calcium pantothenate, System suitability
solution
Tailing factor: NMT 2.0 for both the calcium pantothenate and the panthenol peaks,
Standard solution
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
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0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay dilute a volume of the Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in Analysis, 2.0
and 4.0 mL of the Standard solution being used, are within the linear portion of the logconcentration response curve.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing 500 mL of
water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60),
dilute with water to volume, and filter. Dilute a measured volume of this solution
quantitatively, and stepwise if necessary, with water to obtain a solution with about the
same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under toluene
protected from light in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 2, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 2
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Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar; and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum, incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for the Inoculum if the culture is more than 1 week
old.
Culture medium: To each of a series of test tubes containing 5.0 mL of the Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
the Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and
37 held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis: To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0,
and 5.0 mL of the Standard solution. To each tube and to four similar empty tubes add
5.0 mL of the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, add 1 drop of the Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
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each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank read the
transmittance for each of the remaining tubes. If there is evidence of contamination with
a foreign microorganism disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, x, for each dosage level. Average the values of x for
each of three or more dosage levels to obtain x, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding to
calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Oral
Solution taken
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Oral Solution (mg)
Replication: Repeat the entire determination at least once using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Dexpanthenol or Panthenol, Method 1
Mobile phase and Chromatographic system: Proceed as directed in Calcium
Pantothenate, Method 1.
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Standard solution: 80 µg/mL of USP Dexpanthenol RS or USP Racemic Panthenol RS in the
Mobile phase. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
System suitability solution: 80 µg/mL of USP Calcium Pantothenate RS in the Mobile
phase. Mix the resulting solution and the Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of dexpanthenol or panthenol from the Oral
Solution in the Mobile phase
Analysis
Samples: Standard solution and Sample solution
Measure the areas for panthenol. Calculate the percentage of the labeled amount of
dexpanthenol or panthenol (C9 H19 NO4 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of dexpanthenol or panthenol from the Sample solution
rS= peak area of dexpanthenol or panthenol from the Standard solution
C=
S concentration of USP Dexpanthenol RS or USP Racemic Panthenol RS in the Standard
solution (mg/mL)
C=
U nominal concentration of dexpanthenol or panthenol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Dexpanthenol or Panthenol, Method 2
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator protected from light, and use within
30 days. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
Standard solution: On the day of the assay prepare 1.2 µg/mL of dexpanthenol or 2.4
µg/mL of racemic panthenol from the Standard stock solution with water.
Sample solution: 1.2 µg/mL of dexpanthenol or 2.4 µg/mL of panthenol from Oral Solution
in water
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
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6 M hydrochloric acid solution dropwise, with stirring, until the solids are dissolved. Cool,
dilute with water to 1000 mL, and mix. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool,
dilute with water to 200 mL, and mix. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: Prepare a solution of riboflavin,
thiamine hydrochloride, and biotin in 0.02 N acetic acid containing 20 µg/mL of riboflavin,
10 µg/mL of thiamine hydrochloride, and 0.04 µg/mL of biotin. Store under toluene
protected from light in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: Prepare a solution in
neutral 25% alcohol containing 10 µg/mL of p-aminobenzoic acid, 50 µg/mL of niacin, and
40 µg/mL of pyridoxine hydrochloride. Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid, and mix.
Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Pyridoxal–calcium pantothenate solution: Dissolve 40 mg of pyridoxal hydrochloride and
375 µg of calcium pantothenate in 10% alcohol to make 200 mL, and mix. Store in a
refrigerator, and use within 30 days.
Polysorbate 40–oleic acid solution: Dissolve 25 g of polysorbate 40 and 0.25 g of oleic
acid in 20% alcohol to make 500 mL, and mix. Store in a refrigerator, and use within 30
days.
Modified pantothenate medium: Dissolve anhydrous dextrose and sodium acetate in the
solutions previously mixed according to Table 3, adjust with 1 N sodium hydroxide to a pH
of 6.8, dilute with water to 250 mL, and mix.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve 6.0 g of peptone, 4.0 g of pancreatic
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digest of casein, 3.0 g of yeast extract, 1.5 g of beef extract, 1.0 g of dextrose, and 15.0
g of agar in 800 mL of water, with the aid of heat. Adjust with 0.1 N sodium hydroxide or
0.1 N hydrochloric acid to a pH between 6.5 and 6.6, dilute with water to 1000 mL, and
mix. Add 10-mL portions of the solution to culture tubes, place caps on the tubes, and
sterilize in an autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator.
Prepare a stock culture of Pediococcus acidilactici1 on a slant of this medium. Incubate at
35 for 20–24 h, and store in a refrigerator. Maintain the stock culture by monthly transfer
onto fresh slants.
Inoculum: Inoculate three 250-mL portions of the Modified pantothenate medium from a
stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with the Modified pantothenate medium.
Resuspend the cells in sufficient Modified pantothenate medium so that a 1-in-50 dilution,
when tested in a 13-mm diameter test tube, gives 80% light transmission at 530 nm.
Transfer 1.2-mL portions of this stock suspension to glass ampuls, seal, freeze in liquid
nitrogen, and store in a freezer. On the day of the assay allow the ampuls to reach room
temperature, mix the contents, and dilute 1 mL of thawed culture with sterile saline TS to
150 mL. [Note—This dilution may be altered when necessary to obtain the desired test
response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes, and in the same order, add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of the Double-strength modified pantothenate medium to each tube, and mix.
Cover the tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to
room temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the
Inoculum. Allow to incubate at 37 for 16 h. Terminate growth by heating to a
temperature NLT 80 such as by steaming at atmospheric pressure in a sterilizer for 5–10
min. Cool, and concomitantly determine the percentage transmittance of the suspensions
in cells of equal pathlength on a suitable spectrophotometer at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percent transmittance, for each set of tubes of the standard curve
against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve determine by
interpolation the potency of each tube containing portions of the Sample solution. Divide
the potency of each tube by the amount of the Sample solution added to it to obtain
the individual responses. Calculate the mean response by averaging the individual
responses that vary from their mean by NMT 15%, using NLT half the total number of
tubes. Calculate the potency of the portion of the material taken for assay by
multiplying the mean response by the appropriate dilution factor. Calculate the
percentage of the labeled amount of dexpanthenol or panthenol in the portion of Oral
Solution taken:
Result = (P/N) × 100
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P= calculated potency of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Niacin or Niacinamide
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 25 mg/mL of edetate disodium in water
Mobile phase: Mix 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL of
methanol, and dilute with 0.008 M sodium 1-hexanesulfonate to 2000 mL.
Standard solution: 0.10 mg/mL of USP Niacin RS or USP Niacinamide RS in Diluent. [Note
—Use USP Niacin RS for Oral Solution that contains niacin and USP Niacinamide RS for Oral
Solution that contains niacinamide.]
Sample solution: Dilute an accurately measured volume of Oral Solution with Diluent to
obtain a solution with a concentration of 0.1 mg/mL of niacin or niacinamide.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 24 µg/mL of USP Pyridoxine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 µg/mL of Pyridoxine Hydrochloride from Oral Solution in
Diluent
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine hydrochloride from the Sample solution
rS= peak area of pyridoxine hydrochloride from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin-5¢ -Phosphate Sodium, Method 1
[Note—Riboflavin-5¢-phosphate sodium is quantitated against USP Riboflavin RS in this
procedure. In the chromatogram of the Sample solution the riboflavin-5¢-phosphate peak is
the only peak measured for calculation.]
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: 8 µg/mL of USP Riboflavin RS in Diluent by heating if necessary
Sample solution: Equivalent to 8 µg/mL of riboflavin from Oral Solution in Diluent
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for riboflavin-5¢-phosphate and riboflavin are about
0.18 and 1.0, respectively.]
Calculate the percentage of the labeled amount of riboflavin (C17 H20 N4 O6 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of riboflavin-5¢-phosphate from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
F= factor for converting the response obtained for riboflavin-5¢-phosphate to riboflavin,
1.493. [Note—Riboflavin phosphate sodium is a mixture of isomeric monophosphates
and diphosphates containing an average amount of 67% of riboflavin-5¢monophosphate which separates in this chromatographic system. The factor 1.493
assumes 67% of riboflavin-5¢-monophosphate.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Riboflavin or Riboflavin-5¢ -Phosphate Sodium, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent blank: 1 N hydrochloric acid, 2.5 M sodium acetate, and water (1:2:97)
Standard stock solution: Transfer 16 mg of USP Riboflavin RS to a 100-mL volumetric
flask, dissolve in 1.0 mL of 1 N hydrochloric acid and 2.0 mL of 2.5 M sodium acetate, and
dilute with water to volume. Transfer 10.0 mL of this solution to a 100-mL volumetric
flask, and dilute with water to volume.
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 500-mL volumetric
flask, add 5.0 mL of 1 N hydrochloric acid and 10.0 mL of 2.5 M sodium acetate, and dilute
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with water to volume.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
0.8 mg of riboflavin, to a 100-mL volumetric flask, and dilute with water to volume.
Transfer 10.0 mL of the resulting solution to a 500-mL volumetric flask, add 5.0 mL of 1 N
hydrochloric acid and 10.0 mL of 2.5 M sodium acetate, and dilute with water to volume.
Instrumental conditions
Mode: Fluorescence
Analytical wavelengths
Excitation: 440 nm
Emission: 530 nm
Blank: Solvent
Analysis
Samples: Standard solution and Sample solution
Determine the maximum fluorescence intensities, IS and IU, of the Standard solution and
the Sample solution, respectively. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Oral Solution taken:
Result= (IU/IS) × (CS/CU) × 100
IU= fluorescence intensity from the Sample solution
IS= fluorescence intensity from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: 24 µg/mL of USP Thiamine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 µg/mL of thiamine hydrochloride from Oral Solution in
Diluent
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. Calculate the percentage of the labeled amount
of thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S) in
the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride or thiamine mononitrate in the Sample
solution (mg/mL)
F= 1 (for products containing thiamine hydrochloride) and 0.97 (for products containing
thiamine mononitrate)
Acceptance criteria: 90.0%–250.0% of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
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OTHER COMPONENTS
• Alcohol Determination, Method I
of C2 H5 OH

611 (if present): 90.0%–120.0% of the labeled amount

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/mL, and the combined molds and yeasts count does not exceed 3 × 102 cfu/mL.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meet the
requirements of the tests for absence of Salmonella species, Escherichia coli, and
Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers under an inert gas or
with a minimum of headspace.
• Labeling:2 The label states that the product is Oil- and Water-Soluble Vitamins Oral
Solution. The label states the quantity of each vitamin present in a given volume of Oral
Solution and, where necessary, the chemical form in which a vitamin is present. Where the
product contains vitamin E, the label indicates whether it is the d- or dl- form. Where the
product is labeled to contain panthenol, the label states the equivalent content of
dexpanthenol. Where more than one assay method is given for a particular vitamin, the
labeling states with which assay method the product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Calcium Pantothenate RS
-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-.
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Dexpanthenol RS
d-(+)-2,4-Dihydroxy-N-(3-hydroxypropyl)-3-3-dimethylbutyramide.
C9 H19 NO4
205.25
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-.
C28 H44 O
396.65
USP Niacin RS
3-Pyridinecarboxylic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide.
C6 H6 N2 O
122.12
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USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Racemic Panthenol RS
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol acetate
(vitamin A acetate).
1 ATC C No. 8042 is suitable.
2 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units (IU), where such formerly existed. The USP Unit for Vitamin E has been discontinued. IU for
vitamins also have been discontinued; however, the use of IU on the labels of vitamin products continues.
Where articles are labeled in terms of Units in addition to the required labeling, the relationship of the USP
Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or
0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl palmitate (vitamin A
palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene =
0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or cholecalciferol; and 1
mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl acetate = 1 former
USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin E Unit, 1 mg of dalpha tocopherol = 1.49 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acetate = 1.36 former USP
Vitamin E Units; and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In terms of
d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha tocopheryl acid
succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate = 0.67, and 1 mg of
dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil- and Water-Soluble Vitamins Tablets, USP 35 page 1510. On the basis of comments
received from the General Chapters—Chemical Analysis Expert Committee, it is proposed to
eliminate Ascorbic Acid, Method 2, Calcium Ascorbate, Method 2, and Sodium Ascorbate,
Method 2 for which the procedure described in the Automated Methods of Analysis 16
considered outdated. Interested parties are encouraged to submit comments on the
proposed deletions, and modern alternative analytical procedures for high throughput
analysis of these components.
(DS: N. Davydova.)
Correspondence Number—C119401

Comment deadline: November 30, 2012
Oil- and Water-Soluble Vitamins Tablets
DEFINITION
Oil- and Water-Soluble Vitamins Tablets contain one or more of the following oil-soluble

is
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vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin D3 ),
Vitamin E, Phytonadione (Vitamin K1 ), and Beta Carotene, and one or more of the following
water-soluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium
Ascorbate, Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Pantothenic Acid (as
Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin,
and Thiamine Hydrochloride or Thiamine Mononitrate. Tablets contain NLT 90.0% and NMT
165.0% of the labeled amounts of vitamin A (C20 H30 O) as retinol or esters of retinol in the form
of retinyl acetate (C22 H32 O2 ) or retinyl palmitate (C36 H60 O2 ), vitamin D as ergocalciferol
(C28 H44 O) or cholecalciferol (C27 H44 O); vitamin E as alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ); phytonadione
(C31 H46 O2 ); and beta carotene (C40 H56 ); and NLT 90.0% and NMT 150.0% of the labeled
amounts of ascorbic acid (C6 H8 O6 ) or its salts, as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or
sodium ascorbate (C6 H7 NaO6 ); biotin (C10 H16 N2 O3 S); cyanocobalamin (C63 H88 CoN14 O14 P);
folic acid (C19 H19 N7 O6 ); niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O); calcium pantothenate
(C18 H32 CaN2 O10 ); pyridoxine hydrochloride (C8 H11 NO3 ·HCl); riboflavin (C17 H20 N4 O6 ); and
thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate.
They do not contain any minerals. They may contain other labeled added substances that are
generally recognized as safe, in amounts that are unobjectionable.
STRENGTH
[Note—Where more than one assay method is given for an individual ingredient, the
requirements may be met by following any one of the specified methods, the method used
being stated in the labeling only if Method 1 is not used.]
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a container having a polytef-lined screw cap. Add 10 mL of
dimethyl sulfoxide and 15 mL of n-hexane, and shake for 45 min on a wrist-action shaker
in a water bath maintained at 60 . [Note—Set up the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and thoroughly.] Centrifuge at 3000
rpm for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer, shake thoroughly for 5 min,
and transfer the hexane layer by means of a pipet to the 100-mL volumetric flask. Repeat
this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the
volumetric flask with n-hexane to volume. Dilute a 10-mL volume of this solution with nhexane to obtain a solution with a concentration of 15 µg/mL of vitamin A as retinol
(C20 H30 O).
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution. For products containing vitamin A acetate or vitamin A palmitate, calculate the
percentage of the labeled amount of vitamin A, as retinol (C20 H30 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7:0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
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and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Finely powder NLT 20 Tablets.
If vitamin D is present in the formulation, transfer a portion of the powder, equivalent to
30 µg of the labeled amount of cholecalciferol or ergocalciferol, to a container having a
polytef-lined screw cap. If vitamin D is not present in the formulation, use a portion of the
powder, equivalent to 90 mg of the labeled amount of vitamin E (as alpha tocopherol,
alpha tocopheryl acetate, or alpha tocopheryl hemisuccinate). If vitamin E is not present
in the formulation, use a portion of the powder, equivalent to 2.5 mg of the labeled
amount of retinyl acetate or retinyl palmitate. Add 0.5 g of sodium bicarbonate, 1.5 mL of
Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and disperse on a vortex mixer.
Add 6 mL of Sodium ascorbate–pyrogallol solution, shake slowly, and allow the solution to
degas. Continue shaking until the evolution of gas has ceased, and then shake for an
additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a vortex mixer to form a
suspension, and shake for 12 min. Add 6 mL of 3 N methanolic sulfuric acid solution, mix
on a vortex mixer to form a suspension, and shake for 12 min. Add 12.5 mL of 2,2,4trimethylpentane, mix on a vortex mixer to form a suspension, and shake for 10 min.
Centrifuge for 10 min to break up the emulsion and to clarify the supernatant. [Note—The
supernatant is used for the determination of vitamin A, and also vitamin D and vitamin E, if
present in the formulation.] If necessary, quantitatively dilute a volume of the
supernatant with 2,2,4-trimethylpentane to obtain a concentration close to that of the
Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
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C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in the USP Vitamin A RS,
to retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 3
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add the potassium hydroxide to the water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of the Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of USP Vitamin A RS. Transfer 10.0 mL of this solution to a
stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3 mL of Potassium
hydroxide solution. Insert the stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and 25.0 mL of
Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s. Rinse the
sides of the flask with 60 mL of water, and allow to stand for 10 min until the layers
separate. Withdraw a portion of the organic layer for injection into the chromatograph.
This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Finely powder a counted number of Tablets. Transfer a portion of the
powder, equivalent to 1.5 mg of retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of
water, 15 mL of Diluent, and 3 mL of Potassium hydroxide solution. Insert the stopper
tightly, shake for 15 min over a water bath maintained at 60 ± 5 , and cool to room
temperature. Add 7 mL of water and 25.0 mL of Extraction solvent. Insert the stopper
tightly, and shake vigorously for 60 s or longer, if necessary, for complete extraction.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. [Note—Do not shake, because an emulsion may form.] Withdraw a portion
of the organic layer, and dilute with Extraction solvent to obtain a concentration of 0.34
µg/mL of retinol.
Chromatographic system
(See Chromatography 621 , System Suitability).
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
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Column temperature: 40
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are 0.92 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol. Calculate the percentage
of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of Tablets taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution (µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution to a suitable container, and evaporate, if necessary, in
vacuum at room temperature to obtain a concentration of 2 µg/mL of cholecalciferol or
ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
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System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75:1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8:0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60 . Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
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sulfate supported by a small pledget of cotton into a 100-mL, round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass to column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42 , and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 µg of cholecalciferol or ergocalciferol, to the stoppered 125-mL flask, and
proceed as directed for the Standard solution, beginning with “Add 15.0 mL of water and
15.0 mL of Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount of
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
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throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 1.
Transfer NLT 20 mL of this solution to a suitable container, and evaporate in vacuum at
room temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
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succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 2.
Transfer a volume of the supernatant 2,2,4-trimethylpentane to a suitable volumetric
flask, the volume of the specimen withdrawn from the 2,2,4-trimethylpentane and the size
of the volumetric flask being such that the final concentration of the Sample solution is
equivalent to that of the Standard solution. Evaporate nearly to dryness, add several mL
of methanol, and evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol;
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
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C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:46.5:7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 8 mg of alpha tocopherol, to a 125-mL flask fitted with a ground-glass joint.
Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
pellets. Shake for 1 h in a water bath maintained at 55 . Cool, and transfer with the aid of
a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with 50 mL of
n-hexane, and add the rinsing to the separatory funnel. Insert the stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50 , and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E as
alpha tocopherol (C29 H50 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E as alpha tocopherol in the Sample solution (mg/mL)
[Note—Calculate the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl
acid succinate (C33 H54 O5 ) by dividing the content, in mg/Tablet of vitamin E as alpha
tocopherol (C29 H50 O2 ), by the factor 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Phytonadione, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
Sample solution: Transfer NLT 20 mL of the solution retained as specified in the directions
for the Sample solution in Vitamin A, Method 1 to a suitable container, and evaporate in
vacuum at room temperature to dryness. Transfer the residue with the aid of methanol to
a suitable volumetric flask, and dilute with methanol to volume to obtain a concentration
of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of phytonadione
(C31 H46 O2 ) in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of phytonadione from the Sample solution
rS= peak area of phytonadione from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Phytonadione, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of methylene chloride, 0.1 mL of glacial
acetic acid, 1.36 g of zinc chloride, and 0.41 g of sodium acetate.
Internal standard solution: 5 µg/mL of menaquinone 4 (vitamin K2 ) in Solvent. [Note—A
concentrated stock solution of menaquinone 4 (100 µg/mL) can be stored for 2 months in
a refrigerator.]
Standard stock solution: 5 µg/mL of USP Phytonadione RS, prepared by dissolving in
methylene chloride with the aid of sonication, and diluting with Solvent to final volume.
Standard solution: Transfer 1.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution to a suitable flask, and dilute with Solvent to 5 mL. Pass
through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Finely powder NLT 20 Tablets. To a centrifuge tube fitted with a cap
transfer an amount of powder, not exceeding 800 mg and equivalent to an amount of
phytonadione not exceeding 50 µg. Add 4 mL of water. Insert the stopper, and mix using a
vortex mixer until the sample is dispersed. Place the tube in a water bath at 60 for 5 min.
Remove from the bath, and again shake or mix using a vortex mixer for 1 min while the
preparation is still hot. Add 8 mL of alcohol, and swirl the contents to mix. Place the tube
in a water bath at 60 for 5 min. Remove from the bath, and again shake or mix using a
vortex mixer for 2 min while the preparation is still hot. Cool to room temperature. Add a
volume of the Internal standard solution, equivalent to 1.0 mL for each 5 µg of the
expected amount of phytonadione in the aliquot taken. Add 20.0 mL of petroleum ether,
and cap the tube tightly. Shake or mix using a vortex mixer for 15 min to thoroughly mix
the contents. Centrifuge to separate the two layers. Transfer a volume of the top layer of
petroleum ether, equivalent to 5–50 µg of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35 –45 , and evaporate the solvent
under a stream of nitrogen until an oily residue is left. Dissolve the residue in a volume of
Solvent to obtain a concentration of 1 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorometric detector set at 320 nm for excitation and 420 nm for emission
Column: 4.6-mm × 25-cm; 5-µm, end-capped packing L1, and a postcolumn reactor
constituted with a 4.6-mm × 3-cm PEEK column tightly packed with zinc powder. [Note
—Prepare the postcolumn reactor daily, or as necessary, to meet the system suitability
requirements.]
Flow rate: 1 mL/min
Injection volume: 25 µL

PF 38(5): Sep.-Oct. 2012

442

System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and phytonadione are 1.0
and 1.4, respectively.]
Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response ratio of phytonadione to that of the internal standard from the Sample
solution
rS= peak response ratio of phytonadione to that of the internal standard from the
Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane. [Note—Prepare this solution fresh
daily.]
Sample solution: Weigh NLT 20 Tablets. Grind the Tablets to a fine powder, and transfer a
quantity of the powder, equivalent to 2 mg of beta carotene, to a 500-mL saponification
flask. Add 100 mL of alcohol, 6 mL of Potassium hydroxide solution, and a magnetic stirring
bar. Attach an air condenser to the flask, and heat under reflux for 45 min with constant
stirring. Cool to room temperature, add 170 mL of solvent hexane, and stir for 30 min.
Quantitatively transfer the contents of the flask to a 500-mL separatory funnel with
portions of solvent hexane. Allow the layers to separate for 5–10 min, and transfer the
upper organic layer to a 500-mL volumetric flask. Transfer the lower aqueous layer into
the saponification flask, add 170 mL of solvent hexane, and stir for an additional 20 min.
Quantitatively transfer the contents of the saponification flask to the separatory funnel
with the aid of portions of solvent hexane. Allow the layers to separate for 10 min. Drain
the lower aqueous layer, and discard. Transfer the organic layer to the volumetric flask
containing the previously collected organic layer. Rinse the separatory funnel with small
portions of solvent hexane, and transfer the washings to the volumetric flask. Dilute the
hexane extracts with solvent hexane to volume, add 3 g of anhydrous sodium sulfate,
shake, and allow to settle. Quantitatively transfer a volume of this solution, equivalent to
100 µg of beta carotene, to a 50-mL volumetric flask. Evaporate under a stream of
nitrogen to dryness, and immediately add cyclohexane. Add 2 mL of Iodine solution, and
heat for 15 min in a water bath maintained at 65 . Cool rapidly, and dilute with
cyclohexane to volume.
Instrumental conditions
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(See Spectrophotometry and Light-Scattering
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution

851 .)

Determine the absorbance against the Blank. Calculate the percentage of the labeled
amount of beta carotene (C40 H56 ) in the portion of Tablets taken:
Result = (AU/F) × (100/CU)
A=
U absorbance of the Sample solution
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Change to read:
• Ascorbic Acid, Method 1
2S (USP36)

Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent of 100 mg of ascorbic acid, to a 200-mL volumetric flask, and add 75 mL of
metaphosphoric–acetic acids TS. Insert a stopper into the flask, and shake by mechanical
means for 30 min. Dilute with water to volume. Transfer a portion of the solution to a
centrifuge tube, and centrifuge until a clear supernatant is obtained. Pipet 4.0 mL of this
solution into a 50-mL conical flask, and add 5 mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Tablet.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Ascorbic Acid, Method 2: Proceed as directed in Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP36)

Change to read:
• Calcium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
Delete the following:
• Calcium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis
, Assay for Ascorbic Acid.

16
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Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Sodium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
Delete the following:
• Sodium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP36)
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 1 mg of biotin, to a 200-mL volumetric flask, add 3 mL of dimethyl sulfoxide,
and swirl to wet. Place the flask in a water bath at 60 –70 for 5 min. Sonicate for 5 min,
dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of biotin. Calculate the percentage of the labeled amount of
biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
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C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5 min. Sonicate
for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate,
quantitatively and stepwise if necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and add water to make 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature not below 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and add water to make 1000 mL. Store under toluene in a cool place at a temperature not
below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.
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Salt solution B: 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
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sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of 30 –37 held constant to within ±0.5 until, following 16–24 h of
incubation, there has been no substantial increase in turbidity in the tubes containing the
highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength from 540–660 nm, and
read the transmittance when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall within
the range of lowest and highest points plotted for the Standard. Subtract from each
logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the values of X for each of three or
more dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution. Determine the quantity, in µg, of biotin in the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin that was assumed to be present in the portion of Tablets taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
the Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
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Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a concentration of 0.6 µg/mL of biotin. Add water up to
80% of the flask capacity, sonicate for 30–40 min, with occasional mixing, to dissolve.
Dilute with water to volume, and filter. Adjust the solution with either dilute acetic acid or
0.1 N sodium hydroxide to a pH of 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.]Separately pipet 5.0 mL of the Sample solution
and Standard solution into freshly conditioned solid-phase extraction columns consisting of
a mixed-mode packing with a sorbent-mass of 60 mg. [Note—The mixed-mode packing
consists of anion-exchange and reversed-phase sorbents. The reverse-phase component
is a copolymer of N-vinylpyrrolidone and divinylbenzene. The anion exchange moiety is a
trialkylamino group.2 ] Wash the column with 10 mL of 30% (v/v) methanol in water. Apply
an appropriate volume (4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the
column. Collect the eluate in a 5-mL volumetric flask containing 100 µL of 40% (w/v)
sodium acetate in water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and a portion of the Standard solution that has undergone
Solid-phase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and the Standard solution
that has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
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Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the peak area of biotin. Calculate the percentage of the labeled amount of biotin
(C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively add 100.0 mL
of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area of cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cyanocobalamin from the Sample solution
rS= peak area of cyanocobalamin from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
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• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of powdered Tablets taken, 25 mL of an aqueous extracting solution prepared just
before use to contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity equivalent to the nominal activity of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Biotin, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and add water to
make 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene, protected
from light, in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving cystine and
tryptophan in the hydrochloric acid before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve the dextrose, sodium acetate, and ascorbic
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acid. Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH between 5.5 and 6.0, and add Purified Water to make 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous 5 g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter-aid in the supernatant, and pass,
with the aid of reduced pressure, through a layer of the filter-aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and add
water to make 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii3.
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature of 30 –40 held constant to within ±0.5 . Store in
a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
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increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
containing 10 mL of the Culture medium each. Incubate these cultures for 16–24 h at a
temperature of 30 –40 held constant to within ±0.5 . Under aseptic conditions centrifuge
the cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile Suspension medium, adjust the
volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a
suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped with
a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400
dilution of the adjusted suspension using sterile Basal medium stock solution. The cell
suspension so obtained is the Inoculum. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.]
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test
tubes, and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of 30 –40 , held constant to within ±0.5 for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating its contents, read the transmittance at 530 nm when a
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steady state is reached. This steady state is observed a few seconds after agitation
when the reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution. Determine the quantity, in µg, of cyanocobalamin in the
portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin that was assumed to be present in the portion of
Tablets taken
Calculate the percentage of the labeled amount of cyanocobalamin in the portion of
Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 111 , The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
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Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use. [Note—The methanol and water
content may be varied (1%–3%) by adding water or methanol to the prepared Mobile
phase to obtain baseline separation of folic acid and the internal standard. The pH may be
increased up to 7.15 to obtain better separation.]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in the Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of powder, equivalent
to 0.4 mg of folic acid, to a 50-mL amber-colored centrifuge tube. Add 25.0 mL of the
Internal standard solution, shake by mechanical means for 10 min, and centrifuge. Filter a
portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area ratio of folic acid to methylparaben from the Sample solution
rS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
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• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of methanol
and 35.0 mL of Reagent, shake for 15 min in a water bath maintained at 60 , and cool.
Filter, discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 0.3 mg of
folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and 35.0 mL of Reagent.
Shake for 15 min in a water bath maintained at 60 , and cool. Filter, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
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Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 15 mg of calcium pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shake vigorously for 10 min. Centrifuge, filter, and use the
clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the internal standard. Calculate the
percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
rS= peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Standard
solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume, to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of the Standard stock
solution with water to obtain a concentration of 0.01–0.04 µg/mL of calcium
pantothenate, the exact concentration being such that the responses obtained as
directed in the Analysis, 2.0 and 4.0 mL of the Standard solution being used, are within
the linear portion of the log-concentration response curve.
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Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1
in 60), dilute with water to volume, and filter. Dilute a volume of this solution to obtain a
solution having approximately the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and add water to make 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature not below 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and add water to make 1000 mL. Store under toluene in a cool place at a temperature not
below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution5 mL
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Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar; and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum,4 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
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the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution. Determine the quantity, in mg, of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate that was assumed to be present in the portion
of the Tablets taken
Calculate the percentage of the labeled amount of calcium pantothenate in the portion
of Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric flask. Add 10 mL of
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methanol, and swirl the flask to disperse. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS, to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a vortex mixer
for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on a
vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to 2 mg of riboflavin, to a
200-mL volumetric flask. If riboflavin is not present in the formulation, transfer a portion of
the powder, equivalent to 2 mg of pyridoxine. If pyridoxine is not present in the
formulation, transfer a portion of the powder, equivalent to 20 mg of niacin or niacinamide.
Add 100.0 mL of Extraction solvent, and mix for 20 min, using a wrist-action shaker.
Immerse the flask in a water bath maintained at 70 –75 , and heat for 20 min. Mix on a
vortex mixer for 30 s, cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas of niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, System suitability, and Chromatographic system: Using
USP Niacinamide RS in place of USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacinamide. Calculate the percentage of the labeled amount
of niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
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Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine from the Sample solution
rS= peak area of pyridoxine from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution B: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution B and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of the Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
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Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powder
with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02 mg/mL of
thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min. Cool
to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
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Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of the Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide. Calculate the percentage of the labeled
amount of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)

PF 38(5): Sep.-Oct. 2012

467

Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS · HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution.
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements.

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
×103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meet the
requirements of the tests for absence of Salmonella species, Escherichia coli, and
Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling5 : The label states that the product is Oil- and Water-Soluble Vitamins Tablets.
The label also states the quantity of each vitamin per dosage unit and, where necessary,
the chemical form in which it is present. Where the product contains vitamin E, the label
indicates whether it is the d- or dl- form. Where more than one assay method is given for
a particular vitamin, the labeling states with which assay method the product complies only
if Method 1 is not used.
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• USP Reference Standards 11
USP Alpha Tocopherol RS
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Biotin RS
1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-[(3a ,4 ,6a )].
(3aS,4S,6aR)-Hexahydro-2-oxo-1H-thieno[3,4-d]imidazole-4-valeric acid.
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-.
Calcium d-pantothenate (1:2).
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-.
Cholecalciferol.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-.
Ergocalciferol.
C28 H44 O
396.65
USP Folic Acid RS
l-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6pteridinyl)methyl]amino]benzoyl]-.
Folic acid.
N-[p-[[(2-Amino-4-hydroxy-6-pteridinyl)methyl]amino]-benzoyl]-l-glutamic acid.
C19 H19 N7 O6
441.40
USP Niacin RS
3-Pyridinecarboxylic acid.
Nicotinic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide.
Nicotinamide.
C6 H6 N2 O
122.12
USP Phytonadione RS
1,4-Naphthalenedione, 2-methyl-3-(3,7,11,15-tetramethyl-2-hexadecenyl)-, [R[R*,R*-(E)]]-.
Phylloquinone.
C31 H46 O2
450.70
USP Pyridoxine Hydrochloride RS
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3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride.
Pyridoxol hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride.
Thiamine monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters, Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii may be obtained as No. 7830 from ATC C , 10801 University Blvd.,
Manassas, VA 20110-2209.
4 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
5 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil- and Water-Soluble Vitamins with Minerals Capsules, USP 35 page 1528. On the basis
of comments received from the General Chapters—Chemical Analysis Expert Committee, it is
proposed to eliminate Ascorbic Acid, Method 2; Calcium Ascorbate, Method 2; Sodium
Ascorbate, Method 2; and Iodide, Method 2 because the procedures described in Automated
Methods of Analysis 16 are considered outdated. Interested parties are encouraged to
submit comments on the proposed deletions and modern alternative analytical procedures for
high throughput analysis of these components.
(DS: N. Davydova.)
Correspondence Number—C119407

Comment deadline: November 30, 2012
Oil- and Water-Soluble Vitamins with Minerals Capsules
DEFINITION
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Oil- and Water-Soluble Vitamins with Minerals Capsules contain one or more of the following oilsoluble vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin
D3 ), Vitamin E, Phytonadione (Vitamin K1 ), and Beta Carotene; one or more of the following
water-soluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium
Ascorbate, Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Dexpanthenol or
Panthenol, Pantothenic Acid (as Calcium Pantothenate or Racemic Calcium Pantothenate),
Pyridoxine Hydrochloride, Riboflavin, and Thiamine Hydrochloride or Thiamine Mononitrate; and
one mineral or more, furnishing one or more of the following elements in ionizable form: boron,
calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc, derived from substances generally
recognized as safe. Capsules contain NLT 90.0% and NMT 165.0% of the labeled amounts of
vitamin A (C20 H30 O) as retinol or esters of retinol in the form of retinyl acetate (C22 H32 O2 ) or
retinyl palmitate (C36 H60 O2 ), vitamin D as cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O),
vitamin E as alpha tocopherol (C29 H50 O2 ) or alpha tocopheryl acetate (C31 H52 O3 ) or alpha
tocopheryl acid succinate (C33 H54 O5 ), phytonadione (C31 H46 O2 ), and beta carotene (C40 H56 );
NLT 90.0% and NMT 150.0% of the labeled amounts of ascorbic acid (C6 H8 O6 ) or its salts as
calcium ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), biotin
(C10 H16 N2 O3 S), cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), niacin (C6 H5 NO2 )
or niacinamide (C6 H6 N2 O), dexpanthenol (C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), calcium
pantothenate (C18 H32 CaN2 O10 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin
(C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate;
and NLT 90.0% and NMT 125.0% of the labeled amount of calcium (Ca), copper (Cu), iron (Fe),
magnesium (Mg), manganese (Mn), phosphorus (P), potassium (K), and zinc (Zn); and NLT
90.0% and NMT 160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine
(I), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They may contain other labeled added substances that are generally recognized as safe, in
amounts that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, compliance may be determined by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of System suitability stock solution and
the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate and
retinyl palmitate.
Sample solution: Transfer the contents of NLT 20 Capsules to a suitable container, mix,
and weigh. Transfer a portion of the mixture, equivalent to 5 Capsules, to a container with
a polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as completely as
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possible, the contents of NLT 20 Capsules by cutting open the Capsule shells, transferring
the shells and their contents to a suitable container, and triturating to a homogeneous
mass. Transfer a portion of the mass, equivalent to 5 Capsules, to a container with a
polytef-lined screw cap.] Add 10 mL of dimethyl sulfoxide and 15 mL of n-hexane, and
shake for 45 min on a wrist-action shaker in a water bath maintained at 60 . [Note—Set
up the wrist-action shaker to ensure that the contents of the container are mixed
vigorously and thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the hexane
layer by means of a pipet to a 100-mL volumetric flask. Add 15 mL of n-hexane to the
dimethyl sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane layer by
means of a pipet to the 100-mL volumetric flask. Repeat this extraction with three
additional 15-mL portions of n-hexane. Dilute the extracts in the volumetric flask with nhexane to volume. Dilute a volume of this solution with n-hexane to obtain a solution with
a concentration of 15 µg/mL of vitamin A as retinol (C20 H30 O).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate in the chromatogram
of the Sample solution. For products containing vitamin A acetate or vitamin A
palmitate, calculate the percentage of the labeled amount of vitamin A, as retinol
(C20 H30 O), in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
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following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7:0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E, when present in the formulation.] Weigh NLT 20 Capsules in a
tared weighing bottle. Using a sharp blade if necessary, carefully open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 30 µg of the
labeled amount of cholecalciferol or ergocalciferol (vitamin D), to a container with a
polytef-lined screw cap. If vitamin D is not present in the formulation, use a portion,
equivalent to 90 mg of the labeled amount of vitamin E. If vitamin E is not present in the
formulation, use a portion, equivalent to 2.5 mg of the labeled amount of vitamin A, as
retinol. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of
2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until
the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add
6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension,
and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to
form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion
and to clarify the supernatant. [Note—The supernatant is used for the determination of
vitamin A, and also vitamin D and vitamin E, if present in the formulation.] If necessary,
quantitatively dilute a volume of the supernatant with 2,2,4-trimethylpentane to obtain a
concentration close to that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
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System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in
the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Vitamin A, Method 3
[Note—Where a vitamin A ester (retinyl acetate or retinyl palmitate) is indicated in the
following procedure, use the chemical form present in the formulation. USP Vitamin A RS is
retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add potassium hydroxide in water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of retinyl acetate from USP Vitamin A RS. Transfer 10.0 mL of
this solution to a stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. Withdraw a portion of the organic layer for injection into the
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chromatograph. This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL beaker. Remove any
contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the
empty Capsule shells in the tared weighing bottle, and calculate the net weight of the
Capsule contents. Transfer a portion of the Capsule contents, equivalent to 1.5 mg of
retinyl acetate, to a stoppered 125-mL flask. Add 5 mL of water, 15 mL of Diluent, and 3
mL of Potassium hydroxide solution. Insert the stopper tightly, shake for 15 min over a
water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and
25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s or
longer, if necessary, for complete extraction. Rinse the sides of the flask with 60 mL of
water, and allow to stand for 10 min until the layers separate. [Note—Do not shake,
because an emulsion may form.] Withdraw a portion of the organic layer, and dilute
quantitatively, and stepwise if necessary, with Extraction solvent, to obtain a
concentration of 0.34 µg/mL of retinol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are about 0.92
and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol. Calculate the percentage
of the labeled amount of vitamin A, as retinol (C20 H30 O), in the portion of Capsules
taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2
= sum of the areas of all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872

PF 38(5): Sep.-Oct. 2012

475

Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A, as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Transfer NLT 20 mL of a solution prepared as directed for Sample
solution in Vitamin A, Method 1 to a suitable container, and concentrate, if necessary,
under vacuum at room temperature to obtain a solution with an expected concentration of
2 µg/mL of cholecalciferol or ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
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Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75:1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10), in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8:0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
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dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60 . Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with
shaking, until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass-to-column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42 , and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Proceed as directed in Vitamin A, Method 3, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 10 µg of ergocalciferol or cholecalciferol, to a stoppered 125-mL flask, and proceed as
directed for the Standard solution, beginning with “Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
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Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D. Calculate the percentage of the labeled amount
of cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol, with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, under vacuum at
room temperature to dryness. Transfer the contents of the flask to a suitable volumetric
flask with the aid of methanol, and dilute with methanol to volume, to obtain a solution
with an expected concentration of 2 mg/mL of alpha tocopherol, alpha tocopheryl
acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are

PF 38(5): Sep.-Oct. 2012

479

about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: 0.8–1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
3 N methanolic sulfuric acid solution: Cautiously mix sulfuric acid and methanol (9 in 100)
in a 100-mL volumetric flask. [Note—Dissolve in a portion of methanol, cool, and then
dilute to final volume.]
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask. Add sufficient water to dissolve. Add 1.7 mL of
sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Sample solution: Proceed as directed in Vitamin A, Method 2, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to 55 mg of vitamin E, to a container with a polytef-lined screw cap. Add 0.5 g of sodium
bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and
disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–pyrogallol solution, shake
slowly, and allow the solution to degas. Continue shaking until the evolution of gas has
ceased, and then shake for an additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a
vortex mixer to form a suspension, and shake for 12 min. Add 6 mL of 3 N methanolic
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sulfuric acid solution, mix on a vortex mixer to form a suspension, and shake for 12 min.
Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension, and
shake for 10 min. Centrifuge for 10 min to break up the emulsion and to clarify the
supernatant layer. Transfer a volume of the supernatant 2,2,4-trimethylpentane layer to a
suitable volumetric flask, the volume of the specimen withdrawn from the 2,2,4trimethylpentane layer and the size of the volumetric flask being such that the final
concentration of the Sample solution is equivalent to that of the Standard solution.
Evaporate nearly to dryness, add several mL of methanol, and evaporate the remaining
2,2,4-trimethylpentane. Dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:46.5:7.0)

PF 38(5): Sep.-Oct. 2012

481

Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Proceed as directed in Vitamin A, Method 3, through “calculate the net
weight of the Capsule contents.” Transfer a portion of the Capsule contents, equivalent
to an expected amount of 8.0 mg of alpha tocopherol, to a glass-stoppered conical flask.
Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
pellets. Shake for 1 h in a water bath maintained at 55 . Cool, and transfer with the aid of
a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with 50 mL of
n-hexane, and add the rinsing to the separatory funnel. Insert the stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50 , and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of vitamin E,
as alpha tocopherol (C29 H50 O2 ), in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E, as alpha tocopherol, in the Sample solution
(mg/mL)
[Note—Calculate the alpha tocopherol equivalent (C29 H50 O2 ) of alpha tocopheryl
acetate (C31 H52 O3 ) or alpha tocopheryl acid succinate (C33 H54 O5 ) by multiplying their
contents by the factors 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E
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• Phytonadione
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from Standard stock solution diluted
with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from Standard stock solution diluted with methanol. [Note
—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the Standard
stock solution, and then dilute with methanol to volume.]
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, if necessary,
under vacuum at room temperature to dryness. Transfer the contents of the flask to a
suitable volumetric flask with the aid of methanol, and dilute with methanol to volume to
obtain a solution with an expected concentration of 20 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2.0 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
about 0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas. Calculate the percentage of the labeled amount of
phytonadione (C31 H46 O2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g of potassium hydroxide in 50 mL of water.
Iodine solution: Transfer 10 mg of iodine to a 100-mL volumetric flask. Dissolve in
cyclohexane, and dilute with cyclohexane to volume. Dilute 10 mL of this solution with
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cyclohexane to 100 mL. [Note—Prepare this solution fresh daily.]
Sample solution A (for preparations containing beta carotene in oil solutions): Proceed as
directed in Vitamin A, Method 1, except use cyclohexane instead of n-hexane as the
extraction solvent, and dilute the filtered extracts with cyclohexane, to obtain a
concentration of 2 µg/mL of beta carotene.
Sample solution B (for preparations containing beta carotene in dry powder): Remove the
contents of NLT 20 Capsules by cutting open the Capsules. Mix, and determine the weight
of the contents. Transfer a quantity of the Capsule contents, equivalent to 2 mg of beta
carotene, to a 500-mL saponification flask. Add 100 mL of alcohol, 6 mL of Potassium
hydroxide solution, and a magnetic stirring bar. Attach an air condenser to the flask, and
heat under reflux for 45 min with constant stirring. Cool to room temperature. Add 170 mL
of solvent hexane, and stir for 30 min. Quantitatively transfer the contents of the flask to
a 500-mL separatory funnel with portions of solvent hexane. Allow the layers to separate
for 5–10 min, and transfer the upper organic layer to a 500-mL volumetric flask. Transfer
the lower aqueous layer into the saponification flask. Add 170 mL of solvent hexane, and
stir for an additional 20 min. Quantitatively transfer the contents of the saponification
flask to the separatory funnel with the aid of portions of solvent hexane. Allow the layers
to separate for 10 min. Drain the lower aqueous layer, and discard. Transfer the organic
layer to the volumetric flask containing the previously collected organic layer. Rinse the
separatory funnel with small portions of solvent hexane, and transfer the washings to the
volumetric flask. Dilute the hexane extracts with solvent hexane to volume. Add 3 g of
anhydrous sodium sulfate, shake, and allow to settle. Quantitatively transfer a volume of
this solution, equivalent to 100 µg of beta carotene, to a 50-mL volumetric flask.
Evaporate under a stream of nitrogen to dryness, and immediately add cyclohexane. Add 2
mL of Iodine solution, and heat for 15 min in a water bath maintained at 65 . Cool rapidly,
and dilute with cyclohexane to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution
Determine the absorbance against the Blank. Calculate the percentage of the labeled
amount of beta carotene (C40 H56 ) in the portion of Capsules taken:
Result = (AU/F) × (100/CU)
A=
U absorbance of the Sample solution
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Change to read:
• Ascorbic Acid, Method 1
2S (USP36)

Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
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any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to 100 mg of ascorbic acid, to a 200-mL
volumetric flask, and add 75 mL of metaphosphoric–acetic acids TS. Insert a stopper into
the flask, and shake by mechanical means for 30 min. Dilute with water to volume.
Transfer a portion of the solution to a centrifuge tube, and centrifuge until a clear
supernatant is obtained. Pipet 4.0 mL of this solution into a 50-mL conical flask, and add 5
mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Capsule.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Ascorbic Acid, Method 2: Proceed as directed in Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP36)

Change to read:
• Calcium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
Delete the following:
• Calcium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Sodium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
Delete the following:
• Sodium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis
, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate

16
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(C6 H7 NaO6 ) 2S (USP36)
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 1 mg of biotin, to a 200-mL volumetric flask. Add 3 mL of dimethyl
sulfoxide, and swirl to wet the contents. Place the flask in a water bath at 60 –70 for 5
min. Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the biotin peaks. Calculate the percentage of the labeled
amount of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
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Standard stock solution with water on the day of the assay.
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50%
alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5
min. Sonicate for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of
the filtrate quantitatively, and stepwise if necessary, with water to obtain a solution with
a concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.
Salt solution B: 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution

25 mL
25 mL
0.25 mL
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Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature of 30 –37 held constant to within
±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every week, and
do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
of 30 –37 held constant to within ±0.5 . The cell suspension so obtained is the
Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of 30 –37 held constant to within ±0.5 until, following 16–24 h of
incubation, there has been no substantial increase in turbidity in the tubes containing the
highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
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each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength of 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall within
the range of lowest and highest points plotted for the Standard. Subtract from each
logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the values of X for each of three or
more dosage levels to obtain X , which equals the log-relative potency, M¢, of the Sample
solution. Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Capsules
taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of the Capsules taken
Calculate the percentage of the labeled amount of biotin in the portion of the Capsules
taken
Result = [(antilog M)/N] × 100
N= nominal amount of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
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Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from Standard stock solution
diluted with water
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Add 100.0 mL of
water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the clear
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate the percentage of the
labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
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contents, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of Capsule contents taken, 25 mL of an aqueous extracting solution prepared just
before use to contain 12.9 mg/mL of dibasic sodium phosphate, 11.0 mg/mL of anhydrous
citric acid, and 10 mg/mL of sodium metabisulfite. Autoclave the mixture at 121 for 10
min. Allow any undissolved particles of the extract to settle, and filter or centrifuge, if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method
2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method
2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene, protected
from light, in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving cystine and
tryptophan in the hydrochloric acid before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve the dextrose, sodium acetate, and ascorbic
acid. Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of 5.5–6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
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Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and add
water to make 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii2.
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature of 30 –40 held constant to within ±0.5 . Store in
a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
containing 10 mL each of the Culture medium. Incubate these cultures for 16–24 h at a
temperature of 30 –40 held constant to within ±0.5 . Under aseptic conditions centrifuge

PF 38(5): Sep.-Oct. 2012

492

the cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile Suspension medium, adjust the
volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a
suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped with
a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400
dilution of the adjusted suspension using sterile Basal medium stock solution. The cell
suspension so obtained is the Inoculum. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.]
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test
tubes, and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of 30 –40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating its contents, read the transmittance at 530 nm when a
steady state is reached. This steady state is observed a few seconds after agitation
when the reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
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standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following procedure.
Test for and replace any aberrant individual transmittances. For each level of the
Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of three
or more dosage levels to obtain X , which equals the log-relative potency, M¢, of the
Sample solution. Determine the quantity, in µg, of cyanocobalamin in the portion of
Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in each mg in the portion of
Capsules taken
Calculate the percentage of the labeled amount of biotin in the portion of the Capsules
taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Capsules taken
(µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 111 , The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ by
more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
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to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (1%–3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer an amount of Capsule
contents to a suitable centrifuge tube, and add a volume of Internal standard solution to
obtain a concentration of 0.016 mg/mL of folic acid. Shake by mechanical means for 10
min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of
the labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
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10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of methanol and
35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the net weight of the Capsule contents.” Transfer a portion of the
Capsule contents, equivalent to 0.3 mg of folic acid, to a 125-mL stoppered flask. Add
10.0 mL of methanol and 35.0 mL of Reagent. Shake for 15 min in a water bath maintained
at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount
of folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Dexpanthenol or Panthenol
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
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Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator, protected from light, and use
within 30 days.
Standard solution: On the day of the assay, prepare a dilution of 1.2 µg/mL of
dexpanthenol or 2.4 µg/mL of panthenol from Standard stock solution diluted with water.
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents as completely as possible to a
beaker. Remove any contents adhering to the empty Capsule shells by washing with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Dissolve a portion of the Capsule contents, equivalent to 1.2 mg of dexpanthenol
or 2.4 mg of panthenol, in 100.0 mL of water. Quantitatively dilute a portion of this
solution with water to obtain a concentration of 1.2 µg/mL of dexpanthenol or 2.4 µg/mL
of panthenol.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and add water to make 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
hydrochloric acid solution (1 in 2) dropwise, with stirring, until the solids are dissolved.
Cool, and add water to make 1000 mL. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool. Add
water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in neutral
25% alcohol. Store in a refrigerator.
Salt solution A: 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of dibasic
potassium phosphate in water. Add 10 drops of hydrochloric acid/L of solution. Store
under toluene.
Salt solution B: 20 mg/mL of magnesium sulfate, 1 mg/mL of sodium chloride, 1 mg/mL of
ferrous sulfate, and 1 mg/mL of manganese sulfate in water. Add 10 drops of hydrochloric
acid/L of the solution. Store under toluene.
Pyridoxal–calcium pantothenate solution: 200 µg/mL of pyridoxal hydrochloride and
1.875 µg/mL of calcium pantothenate in 10% alcohol. Store in a refrigerator, and use
within 30 days.
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Polysorbate 40–oleic acid solution: 50 mg/mL of polysorbate 40 and 0.5 mg/mL of oleic
acid in 20% alcohol. Store in a refrigerator, and use within 30 days.
Modified pantothenate medium: Dissolve anhydrous dextrose and sodium acetate in the
solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Finally, dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH of 6.5–6.6, and dilute with water to 1000 mL. Add 10mL portions of the solution to culture tubes, place caps on the tubes, and sterilize in an
autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator. Prepare a stock
culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at 35 for 20–24 h,
and store in a refrigerator. Maintain the stock culture by monthly transfer onto fresh
slants.
Inoculum: Inoculate three 250-mL portions of Modified pantothenate medium from a stock
culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with Modified pantothenate medium. Resuspend
the cells in sufficient Modified pantothenate medium so that a 1-in-50 dilution, when
tested in a 13-mm diameter test tube, gives 80% light transmission at 530 nm. Transfer
1.2-mL portions of this stock suspension to glass ampuls, seal, freeze in liquid nitrogen,
and store in a freezer. On the day of the assay, allow the ampuls to reach room
temperature, mix the contents, and dilute 1 mL of thawed culture with sterile saline TS to
150 mL. [Note—This dilution may be altered when necessary to obtain the desired test
response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order, add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
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water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube. Cover the
tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to room
temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the Inoculum.
Allow to incubate at 37 for 16 h. Terminate growth by heating to a temperature NLT 80 ,
such as by steaming at atmospheric pressure in a sterilizer for 5–10 min. Cool, and
determine the percentage transmittance of the suspensions, in cells of equal pathlength,
on a suitable spectrophotometer, at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percentage of transmittance, for each set of tubes of the standard
curve against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency of each tube containing portions of the Sample solution. Divide
the potency of each tube by the amount of the Sample solution added to it, to obtain the
individual responses. Calculate the mean response by averaging the individual responses
that vary from their mean by NMT 15%, using NLT half the total number of tubes.
Calculate the potency of the portion of the material taken, by multiplying the mean
response by the appropriate dilution factor. Calculate the percentage of the labeled
amount of dexpanthenol or panthenol in the portion of Capsules taken:
Result = (P/N) × 100
P= potency of dexpanthenol or panthenol in the portion of Capsules taken (mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Capsules taken (mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
Change to read:
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” To a centrifuge tube transfer an
amount of mixed Capsule contents and a volume of Internal standard solution to obtain a
concentration of 0.6 mg/mL in the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
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Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and the internal standard.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Sample solution
R=
S peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume, to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to an amount of 50 mg of calcium pantothenate, to a 1000-mL
volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of
sodium acetate solution (1 in 60), dilute with water to volume, and filter. Dilute a volume
of this solution to obtain a solution with approximately the same concentration as that of
the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
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at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 4, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum1 incubating for 16–24 h at a temperature of 30 –37 held
constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture
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every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: Add 5.0 mL of water containing 0.2 µg of calcium pantothenate to each
of a series of test tubes containing 5.0 mL of Basal medium stock solution. Plug the tubes
with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the of Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of culture medium. Incubate this culture for 16–24 h at a temperature of
30 –37 held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature of 30 –37 , held constant to within ±0.5 until, following 16–24 h of
incubation, there has been no substantial increase in turbidity in the tubes containing the
highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance from
540 to 660 nm when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall within
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the range of the lowest and highest points plotted for the Standard. Subtract from each
logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the values of X for each of three or
more dosage levels to obtain X , which equals the log-relative potency, M¢, of the Sample
solution. Determine the quantity, in mg, of calcium pantothenate (C18 H32 CaN2 O10 ) in the
portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of the
Capsules taken
Calculate the percentage of calcium pantothenate in the portion of Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of the Capsules taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from Standard stock
solution diluted with water
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the net weight of the Capsule contents.” Transfer a portion of the
Capsule contents, equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric
flask. Add 10 mL of methanol, and swirl the flask to disperse the Capsules contents. Dilute
with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
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Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride,
riboflavin, and thiamine hydrochloride to a 50-mL centrifuge tube. Add 25.0 mL of Diluent,
and mix using a vortex mixer for 30 s to completely suspend the powder. Immerse the
centrifuge tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a
vortex mixer for 30 s. Return the tube to the hot water bath, heat for another 5 min, and
mix on a vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature,
and use the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
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System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
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Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS · HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask.
Dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Weigh NLT 20
Capsules in a tared weighing bottle. Open the Capsules, without loss of shell material, and
transfer the contents to a beaker. Remove any contents adhering to the shells by
washing with several portions of ether. Discard the washings, and dry the Capsule shells
with the aid of a current of dry air. Weigh the empty Capsule shells in the tared weighing
bottle, and calculate the net weight of the Capsule contents. Transfer a portion of the
Capsule contents, equivalent to 2 mg of riboflavin, to a 200-mL volumetric flask. If
riboflavin is not present in the formulation, use a portion equivalent to a nominal amount
of 2 mg of pyridoxine. If pyridoxine is not present in the formulation, use a portion
equivalent to 20 mg of niacin or niacinamide. Add 100.0 mL of Extraction solvent, and mix
for 20 min, using a wrist-action shaker. Immerse the flask in a water bath maintained at
70 –75 , and heat for 20 min. Mix on a vortex mixer for 30 s, cool to room temperature,
and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Capsules taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability
solution: Using USP Niacinamide RS in place of USP Niacin RS, proceed as directed in
Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount
of niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: 20 µg/mL of USP Pyridoxine Hydrochloride RS from Standard stock
solution diluted with Extraction solvent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine. Calculate the percentage of the labeled amount
of pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Capsules taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 g/L of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
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Solution A: 1.88 g/L of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the net weight of the Capsule contents.” Mix a portion of the Capsule
contents with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02
mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30
min. Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
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hydrochloride (C12 H17 ClN4 OS · HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL triethylamine, 15.0 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate to
volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid , Method 1,
2S (USP36)

through “calculate the net weight of the Capsule contents.” Transfer a portion of the
Capsule contents, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a stoppered
125-mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0
mL of a mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15
min in a water bath maintained at 60 , and cool. Filter, discarding the first few mL of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the peaks. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
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C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) (for products
containing thiamine hydrochloride) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS · HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a Standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample solution
may be diluted quantitatively with the solvent specified, if necessary, to yield solutions of
suitable concentrations adaptable to the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Polysorbate 80 solution: Polysorbate 80 and alcohol (1:10)
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Sample solution: Transfer 5 Capsules to a 100-mL volumetric flask. [Note—For hard
gelatin Capsules, weigh NLT 20 Capsules. Open the Capsules, without loss of shell
material, and transfer the contents to a suitable container. Remove any contents adhering
to the empty shells by washing with several portions of ether. Discard the washings, and
allow the Capsule shells to dry. Weigh the empty Capsule shells, calculate the net weight
of the Capsule contents, and transfer a portion of the Capsule contents, equivalent to 5
Capsules, to a 100-mL volumetric flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric
acid, and 1 mL of Polysorbate 80 solution to the flask. Heat on a hot plate or steam bath,
with intermittent swirling, until the Capsules are completely disintegrated or the contents
are dissolved. Boil gently for an additional 15 min. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of Lanthanum chloride
solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of calcium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in mg/mL, of calcium in the Sample solution.
Calculate the percentage of of the labeled amount of calcium (Ca) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.

PF 38(5): Sep.-Oct. 2012

512

Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from Copper standard solution diluted with
0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of copper, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of
Capsules taken:
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Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator, in water
Intermediate stock solution A: 100 µg/mL of fluoride from Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from Fluoride standard stock solution
diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1
N hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium
citrate solution. Dilute with water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific
ion-indicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in mg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Capsules
taken:
Result = (C/CU) × 100

PF 38(5): Sep.-Oct. 2012

514

C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with one column volume of
methanol followed by one column volume of pH 10.0 buffer. Do not allow the column top
to dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL
of Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and adjust
with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL container. If
necessary, remove any contents adhering to the empty shells by washing with several
portions of ether. Discard the washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to 1 mg of fluorine, to a 100-mL volumetric flask. Add 15 mL of
water, and shake vigorously. Rinse the sides of the flask with 15 mL of water, and allow to
stand for 10 min. Dilute with water to 85 mL, adjust with 1 N sodium hydroxide to a pH of
10.4 ± 0.1, and dilute with water to 100 mL. Proceed as directed for the Standard
solution, beginning with “Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity detector
Guard column: 4.6-mm × 3-cm; packing L17
Analytical column: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
Change to read:
• Iodide, Method 1
2S (USP36)

Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Capsules
Remove the contents of Capsules by cutting open the Capsules. Mix, and determine the
weight of the contents. Transfer a quantity of the contents, equivalent to 3 mg of iodine,
to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide
solution, and 10 mL of alcohol, taking care that the entire specimen is moistened. Heat
the crucible on a steam bath to evaporate the alcohol, then dry the crucible at 100 for
30 min to prevent spattering upon subsequent heating. Transfer the crucible with its
contents to a furnace heated to 500 , and heat the crucible for 15 min. [Note—Heating at
500 is necessary to carbonize any organic matter present; a higher temperature may be
used, if necessary, to ensure complete carbonization of all organic matter.]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil
gently for 10 min. Filter the solution, and wash the crucible with boiling water, collecting
the filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
and boil the solution gently until colorless and then for 5 min longer. Add a few crystals of
salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and 0.5 g of
potassium iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Capsules
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA = actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg, 1000 µg/mL
Ime= milliequivalent of I, 21.16 mg/meq
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Aw= average weight of the Capsules content
W = weight of the sample of Capsules content taken
L = labeled amount of iodine (µg/Capsule)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
Delete the following:
• Iodide, Method 2: Proceed as directed in Automated Methods of Analysis 16 , Assay for
Iodide.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I) 2S (USP36)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 5 µg/mL of iron and omit the use of the Lanthanum
chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of iron, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
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3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain to 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
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Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from Molybdenum standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min. Cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except take a number of
Capsules or a portion of Capsule contents equivalent to 1000 µg of molybdenum and make
appropriate dilutions to obtain a final concentration of 10 µg/mL of molybdenum, omitting
the addition of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw
the straight line best fitting the three plotted points. From the graph so obtained,
determine the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (C/CU) × 100
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C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: Remove the contents of a counted number of Capsules by cutting open the
Capsules. Mix, and determine the weight of the contents. Use a quantity of the Capsule
contents, equivalent to 40 µg of molybdenum.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Analytical wavelength: 465 nm
Cell: 1-cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is
complete, as indicated when the liquid becomes colorless or pale yellow. Evaporate the
solutions in the beakers to dryness. Rinse the sides of the beakers and the watchglasses
with water, and dilute with water to 50 mL in each beaker. Gently boil the water solution
for a few min. Cool to room temperature. Add 2 drops of methyl orange TS, and
neutralize with ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively
transfer the contents of the beakers to separate 100-mL volumetric flasks, rinse the
beakers with water, transfer the rinsings to the corresonding volumetric flasks, and
dilute with water to volume. Transfer 50.0 mL of each solution to separatory funnels. To
each separatory funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate
solution, 4.0 mL of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride
solution, and 15.0 mL of amyl alcohol, and shake the separatory funnel for 1 min. Allow
the layers to separate, and discard the aqueous layers. Add 25 mL of Diluted stannous
chloride solution to each separatory funnel, and shake gently for 15 s. Allow the layers
to separate, and discard the aqueous layers. Transfer the organic layer from each
separatory funnel to a centrifuge tube, and centrifuge at 2000 rpm for 10 min.
Determine the absorbances of the organic phases obtained from the Standard solution
and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
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Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5:100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and digest on a hot plate for
30 min. Add 15 mL of hydrochloric acid, and continue the digestion to the cessation of
brown fumes. Cool, and transfer the contents of the flask to a 500-mL volumetric flask
with the aid of small portions of water. Dilute with water to volume. Transfer 10.0 mL of
this solution to a 100-mL volumetric flask, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1-cm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard
solution, the Sample solution, and water to provide the blank. To each of the three
flasks add 1.0 mL each of Ammonium molybdate solution, Hydroquinone solution, and
Sodium bisulfite solution, and swirl to mix. Dilute the contents of each flask with water
to volume, and allow the flasks to stand for 30 min. Determine the absorbances of the
solutions against the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Capsules taken:
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Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from Potassium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of potassium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
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concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from Selenium standard solution diluted
with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 1000 µg of selenium, to a suitable flask, and add 12 mL of nitric acid. [Note
—The volume of nitric acid may be varied to ensure that the powder is uniformly
dispersed.] Carefully swirl the flask to disperse the sample specimen. Sonicate for 10 min
or until the sample specimen is completely dissolved. Gently boil the solution for 15 min,
and cool to room temperature. Carefully add 8 mL of perchloric acid to the flask, heat the
flask until perchloric acid fumes appear, and swirl the flask to dissipate the fumes. Repeat
the heating and swirling until the fumes appear again. Cool to room temperature. Transfer
the contents of the flask to a 50-mL volumetric flask with the aid of the Diluent, and
dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of selenium, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
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and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 20 µg of selenium, to a suitable flask. Add 10 mL of nitric acid, and warm
gently on a hot plate. Continue heating until the initial nitric acid reaction has subsided,
then add 3 mL of perchloric acid.
[Caution—Exercise care at this stage, because perchloric acid reaction becomes vigorous.]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid
or until the digest begins to darken. Add 0.5 mL of nitric acid, and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask. Add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1-cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate
separatory funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and
extract vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer
to a centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining
water. Determine the absorbances of the solutions obtained from the Samples against
the solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
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Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid (3.89
mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric acid by
warming, if necessary, cool, and then dilute to final volume.]
Standard stock solutions: 50 µg/mL of zinc from Zinc standard solution diluted with 0.125
N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of zinc and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
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appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about
200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent, to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution: Weigh, then transfer 5 Capsules to a 250-mL volumetric flask, and heat
gently on a hot plate until the contents begin to release. Cautiously add 25 mL of Stock
aqua regia solution in 5-mL increments, and swirl. Heat, continue to swirl until the
Capsules dissolve into the acid, immediately remove from the heat source, and add 150 mL
of water. Cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube,
using a 5-µm pore size nylon syringe filter. If necessary, make any further adjustments
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in the
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot
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the emission of the Standard solutions versus the concentration, in mg/L, of the
minerals of interest, and draw the straight line best fitting the plotted points. From the
graph so obtained, determine the concentration, C, in mg/L, for each mineral of interest
in the Sample solution. Calculate the percentage of the labeled amount for each mineral
taken:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Capsule weight (mg)
L = labeled amount per Capsule (mg)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amounts of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meet the
requirements of the tests for absence of Salmonella species, Escherichia coli, and
Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:4 The label states that the product is Oil- and Water-Soluble Vitamins with Minerals
Capsules. The label also states the quantity of each vitamin and mineral per dosage unit
and, where necessary, the chemical form in which a vitamin is present and also states the
salt form of the mineral used as the source of each element. Where the product contains
vitamin E, the label indicates whether it is the d- or dl- form. Where more than one assay
method is given for a particular vitamin or mineral, the labeling states with which assay
method the product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Biotin RS
USP Calcium Pantothenate RS
USP Cholecalciferol RS
USP Cyanocobalamin RS
USP Dexpanthenol RS
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Ergocalciferol RS
Folic Acid RS
Niacin RS
Niacinamide RS
Phytonadione RS
Pyridoxine Hydrochloride RS
Riboflavin RS
Sodium Fluoride RS
Thiamine Hydrochloride RS
Alpha Tocopherol RS
Alpha Tocopheryl Acetate RS
Alpha Tocopheryl Acid Succinate RS
Vitamin A RS

1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 Pure cultures of Lactobacillus leichmannii may be obtained as No. 7830 from ATC C , 10801 University Blvd.,
Manassas, VA 20110-2209.
3 ATC C No. 8042 is suitable.
4 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units (IU), where such formerly existed. The USP Unit for Vitamin E has been discontinued. IU for
vitamins also have been discontinued; however, the use of IU on the labels of vitamin products continues.
Where articles are labeled in terms of Units in addition to the required labeling, the relationship of the USP
Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol (vitamin A alcohol) or
0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl palmitate (vitamin A
palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU of beta carotene =
0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or cholecalciferol; and 1
mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl acetate = 1 former
USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin E Unit, 1 mg of dalpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate = 1.36 former
USP Vitamin E Units; and 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E Units. In
terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil- and Water-Soluble Vitamins with Minerals Oral Solution, USP 35 page 1554. Based on
comments received from the General Chapters Chemical Analysis Expert Committee, it is
proposed to eliminate Ascorbic Acid, Method 1, Calcium Ascorbate, Method 1, Sodium
Ascorbate, Method 1, and Iodide, Method 2 for which the procedures described in
Automated Methods of Analysis 16 are considered outdated. Interested parties are
encouraged to submit comments on the proposed deletions, and modern alternative
analytical procedures for high-throughput analysis of these components.
(DS: N. Davydova.)
Correspondence Number—C119408

Comment deadline: November 30, 2012
Oil- and Water-Soluble Vitamins with Minerals Oral Solution
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DEFINITION
Oil- and Water-Soluble Vitamins with Minerals Oral Solution contains one or more of the
following oil-soluble vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or
Cholecalciferol (Vitamin D3 ), and Vitamin E; one or more of the following water-soluble vitamins:
Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Niacin or Niacinamide, Dexpanthenol or Panthenol, Pantothenic Acid (as
Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin or
Riboflavin-5¢-Phosphate Sodium, and Thiamine Hydrochloride or Thiamine Mononitrate; and one
or more minerals derived from substances generally recognized as safe, furnishing one or more
of the following elements in ionizable form: chromium, fluorine, iodine, iron, magnesium,
manganese, molybdenum, and zinc. Oral Solution contains NLT 90.0% and NMT 200.0% of the
labeled amounts of vitamin A (C20 H30 O) as retinol or esters of retinol in the form of retinyl
acetate (C22 H32 O2 ) or retinyl palmitate (C36 H60 O2 ), vitamin D as ergocalciferol (C28 H44 O) or
cholecalciferol (C27 H44 O), vitamin E as alpha tocopherol (C29 H50 O2 ) or alpha tocopheryl
acetate (C31 H52 O3 ) or alpha tocopheryl acid succinate (C33 H54 O5 ), ascorbic acid (C6 H8 O6 ) or
its salts as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), and
thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate; NLT 90.0% and
NMT 150.0% of the labeled amounts of biotin (C10 H16 N2 O3 S), calcium pantothenate
(C18 H32 CaN2 O10 ), dexpanthenol (C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ) or
riboflavin-5¢-phosphate sodium (C17 H20 N4 NaO9 P); NLT 90.0% and NMT 450.0% of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P); NLT 90.0% and NMT 160.0% of the labeled
amounts of chromium (Cr), fluorine (F), iodine (I), and molybdenum (Mo); and NLT 90.0% and
NMT 125.0% of the labeled amounts of iron (Fe), magnesium (Mg), manganese (Mn), and zinc
(Zn).
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Tetrahydrofuran and acetonitrile (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.33 mg/mL of retinol (C20 H30 O) from USP Vitamin A RS in Diluent.
[Note—USP Vitamin A RS is retinyl acetate. Use it to analyze Oral Solution that contains
vitamin A as retinol, retinyl acetate, or retinyl palmitate.]
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
3.3 mg of retinol, to a 500-mL separatory funnel containing 10 mL of water and 20 mL of
dehydrated alcohol. Add 150 mL of solvent hexane, insert the stopper, and shake for 1
min. Add another 150 mL of solvent hexane, insert the stopper, shake, and allow the
layers to separate. Discard the aqueous layer, and filter the solvent hexane extract
through anhydrous sodium sulfate into a 500-mL round-bottom flask. Evaporate the
solution to dryness with the aid of a rotary evaporator over a water bath maintained at
about 65 . Immediately add 10.0 mL of Diluent, swirl to dissolve the residue, and filter.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 50-cm (prepared from two concatenated 4.6-mm × 25-cm columns);
packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vitamin A as retinol (C20 H30 O) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of retinol or retinyl ester from the Sample solution
rS= peak area of retinyl acetate from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) in the Standard solution (µg/mL)
C=
U nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution (µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–200.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D)
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluent and Mobile phase: Prepare as directed for Vitamin A.
Standard solution: 5 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in Diluent
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
50 µg of cholecalciferol or ergocalciferol, to a 500-mL separatory funnel containing 10 mL
of water and 20 mL of dehydrated alcohol. Add 150.0 mL of solvent hexane, insert the
stopper, and shake for 1 min. Add another 150 mL of solvent hexane, insert the stopper,
shake, and allow the layers to separate. Discard the aqueous layer. Drain the solvent
hexane extract through anhydrous sodium sulfate into a 500-mL round-bottom flask.
Evaporate the solution to dryness with the aid of a rotary evaporator over a water bath
maintained at about 65 . Immediately add 10.0 mL of Diluent, swirl to dissolve the residue,
and filter.
Chromatographic system: Prepare as directed for vitamin A.
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak areas of cholecalciferol or ergocalciferol from the Sample solution
rS= peak areas of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
formulation, 1.09
Acceptance criteria: 90.0%–200.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Vitamin E
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile and ethyl acetate (1:1)
Potassium hydroxide solution: Transfer 90 g of potassium hydroxide pellets to a 100-mL
volumetric flask containing 60 mL of water. Mix to dissolve, cool, and dilute with water to
volume.
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in Diluent
Sample solution: Transfer an amount of Oral Solution, equivalent to 1.5 mg of alpha
tocopherol, to a 125-mL conical flask fitted with a ground-glass joint, and add 25.0 mL of
dehydrated alcohol. Attach a reflux condenser, and reflux in a boiling water bath for 1 min.
Cautiously add 3 mL of Potassium hydroxide solution through the condenser, and continue
to reflux for 30 min. Remove the flask from the bath, and rinse the condenser with about
15 mL of water. Cool, and transfer with a minimum volume of water to a 250-mL
separatory funnel. Rinse the flask with 50 mL of n-hexane, and add the rinsings to the
separatory funnel. Insert the stopper, shake vigorously for 1 min, and allow the layers to
separate. Drain the aqueous layer into a second 250-mL separatory funnel, and repeat the
extraction with 50 mL of n-hexane. Discard the aqueous layer, and combine the hexane
extracts. Wash the combined extracts with 25 mL of water, allow the layers to separate,
and discard the aqueous layer. Add 3 drops of glacial acetic acid, and repeat the washing
procedure two more times. Filter the washed hexane layer through anhydrous sodium
sulfate into a 250-mL, round-bottom flask. Rinse the funnel and sodium sulfate with nhexane, and add the rinsing to the hexane solution in the flask. Evaporate the hexane
solution to dryness with the aid of a rotary evaporator over a water bath maintained at
about 50 . Immediately add 5.0 mL of Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 291 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of vitamin E as alpha tocopherol
(C29 H50 O2 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E as alpha tocopherol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–200.0% of the labeled amount of vitamin E
Delete the following:
• Ascorbic Acid, Method 1: Proceed as directed for Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–200.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP36)

Change to read:
• Ascorbic Acid, Method 2
2S (USP36)

Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
80 mg of ascorbic acid, to a conical flask. Add 50 mL of water, 100 mL of 0.1 N sulfuric
acid VS, and 15.0 mL of 0.1 N iodine VS. Stir the contents for 30 s, and add 5 mL of
starch TS.
Analysis: Immediately titrate with 0.1 N sodium thiosulfate VS to the disappearance of the
color. Each mL of 0.1 N iodine is equivalent to 8.806 mg of ascorbic acid (C6 H8 O6 ).
Acceptance criteria: 90.0%–200.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Calcium Ascorbate, Method 1: Proceed as directed for Automated Methods of Analysis
16 , Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–200.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Calcium Ascorbate:, Method 2
2S (USP36)
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Proceed as directed for Ascorbic Acid., Method 2
2S (USP36)

Each mL of 0.1 N iodine is equivalent to 10.66 mg of (C12 H14 CaO12 ·2H2 O.)
Acceptance criteria: 90.0%–200.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
Delete the following:
• Sodium Ascorbate, Method 1: Proceed as directed for Automated Methods of Analysis
16 , Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–200.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP36)
Change to read:
• Sodium Ascorbate:, Method 2
2S (USP36)

Proceed as directed for Ascorbic Acid., Method 2
2S (USP36)

Each mL of 0.1 N iodine is equivalent to 9.905 mg of (C6 H7 NaO6 .)
Acceptance criteria: 90.0%–200.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures, yielding formulations similar to the media described herein, may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: On the day of the assay, prepare 0.1 ng/mL of biotin from the
Standard stock solution in water.
Sample solution: Dilute an accurately measured portion of the Oral Solution with water to
an assumed concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and add water to make 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature not below 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and add water to make 1000 mL. Store under toluene in a cool place at a temperature not
below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
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Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in
neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of dibasic
potassium phosphate in water. Add 5 drops of hydrochloric acid. Store under toluene.
Salt solution B: 20 g of magnesium sulfate, 1 mg/mL of sodium chloride, 1 mg/mL of ferrous
sulfate, and 1 mg/mL of manganese sulfate in water. Add 5 drops of hydrochloric acid, and
mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution, add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with
cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an inoculum comparable to a fresh culture.]
Make a transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
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between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL. To similar test tubes
add, in duplicate, volumes of the Sample solution corresponding to three or more of the
levels specified for the Standard solution, including the levels of 2.0, 3.0, and 4.0 mL. To
each tube add 5.0 mL of the Basal medium stock solution and sufficient water to make 10
mL. Place one complete set of Standard and sample tubes together in one tube rack and
the duplicate set in a second rack or section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength from 540 to 660 nm, and
read the transmittance when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall
within the range of lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of
three or more dosage levels to obtain X, which equals the log-relative potency, M¢, of
the Sample solution.
Calculate the quantity, in ng, of biotin (C10 H16 N2 O3 S) in the portion of Oral Solution
taken:
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antilog M = antilog (M¢ + log R)
R= number of ng of biotin assumed to be present in the portion of Oral solution taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion
of Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin, in ng, in the portion of Oral Solution taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: 0.6 µg/mL of biotin, from the Oral Solution in water. Adjust the solution
with either dilute acetic acid or 0.1 N sodium hydroxide to a pH between 6.0 and 7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.] Separately pipet 5.0 mL each of the Sample
solution and Standard solution into freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent-mass of 60 mg. [Note—The mixedmode packing consists of anion-exchange and reversed-phase sorbents. The reversephase component is a copolymer of N-vinylpyrrolidone and divinylbenzene. The anion
exchange moiety is a trialkylamino group.2 ] Wash the column with 10 mL of 30% (v/v)
methanol in water. Apply an appropriate volume (4.9 mL) of 30% (v/v) methanol in 0.1 N
hydrochloric acid to the column. Collect the eluate in a 5-mL volumetric flask, containing
100 µL of 40% (w/v) sodium acetate in water, and dilute with 30% (v/v) methanol in 0.1
N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
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Samples: Standard solution and a portion of the Standard solution that has undergone
Solid-phase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and the Standard solution
that has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the peak areas of biotin.
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Transfer an accurately measured volume of Oral Solution, assumed to
contain 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for each mL of the
Oral Solution taken, 25 mL of an aqueous extracting solution prepared just before use to
contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of anhydrous citric
acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for 10 min. Allow
any undissolved particles of the extract to settle, and filter or centrifuge if necessary.
Dilute an aliquot of the clear solution with water to obtain a final solution containing
vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 1.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed for Biotin, Method 1.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and add water to
make 200 mL. Store under toluene in a refrigerator.
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Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene protected
from light in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving Cystine and
Tryptophan in the hydrochloric acid before adding the next eight solutions in the resulting
solution. Add 100 mL of water, and dissolve Dextrose, Sodium acetate, and Ascorbic acid.
Filter if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a
pH of 5.5–6.0, and add Purified Water to make 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and filter
with the aid of reduced pressure through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
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equivalent to that obtained from the formula given herein.]
Dissolve 0.75 g of yeast extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose,
and 0.20 g of monobasic potassium phosphate in 60–70 mL of water. Add 10 mL of
Tomato juice preparation and 1 mL of Polysorbate 80 solution. Adjust with 1 N sodium
hydroxide to a pH of 6.8, and add water to make 100 mL. Place 10-mL portions of the
solution in test tubes, and plug with cotton. Sterilize the tubes and contents in an
autoclave at 121 for 15 min. Cool as rapidly as possible to avoid color formation resulting
from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.3
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
containing 10 mL of the Culture medium each. Incubate these cultures for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Under aseptic conditions
centrifuge the cultures, and decant the supernatant. Suspend the cells from the culture in
5 mL of Suspension medium, and combine. Using Suspension medium, adjust the volume
so that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a
suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped with
a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400
dilution of the adjusted suspension using sterile Basal medium stock solution. The cell
suspension so obtained is the Inoculum. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.]
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minimum amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable
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means, followed preferably by heating at 250 for 2 h using hard-glass 20-mm × 150mm test tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the
autoclave if necessary. Cool as rapidly as possible to avoid color formation resulting from
overheating the medium. Take precautions to maintain uniformity of sterilizing and
cooling conditions throughout the assay, because packing the tubes too closely in the
autoclave or overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 for 16–24 h.
Terminate growth by heating to NLT 80 for 5 min. Cool to room temperature. After
agitating its contents, read the transmittance at 530 nm when a steady state is
reached. This steady state is observed a few seconds after agitation when the reading
remains constant for 30 s or more. Allow approximately the same time interval for the
reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
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Calculate the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P), in the portion of
Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin that was assumed to be present in the portion of Oral
Solution taken
Calculate the percentage of the labeled amount of cyanocobalamin in the portion of the
Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Oral Solution taken
Replication: Repeat the entire determination at least once using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 in Activity
Design and Analysis of Biological Assays 111 , The confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–450.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Calcium Pantothenate, Method 1
Mobile phase: Methanol and 0.2 M monobasic sodium phosphate (3:97). Adjust with 1.7 M
phosphoric acid to a pH of 3.2 ± 0.1.
Standard solution: 80 µg/mL of USP Calcium Pantothenate RS in Mobile phase
System suitability solution: 80 µg/mL of USP Racemic Panthenol RS in Mobile phase. Mix
the resulting solution and Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of calcium pantothenate from the Oral Solution in
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.0-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between panthenol and calcium pantothenate, System suitability
solution
Tailing factor: NMT 2.0 for both the calcium pantothenate and the panthenol peaks,
Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas of calcium pantothenate.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing 500 mL of
water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60),
dilute with water to volume, and filter. Dilute a measured volume of this solution
quantitatively, and stepwise if necessary, with water to obtain a solution having about
the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and add water to make 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature not below 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and add water to make 1000 mL. Store under toluene in a cool place at a temperature not
below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
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thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous Dextrose and anhydrous Sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar; and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum,1 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution, add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
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To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution. To each tube and to four similar empty tubes, add 5.0 mL
of Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution,
including the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal
medium stock solution and sufficient water to make 10 mL. Place one complete set of
Standard and sample tubes together in one tube rack and the duplicate set in a second
rack or section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 , following 16–24 h of
incubation, until there has been no substantial increase in turbidity in the tubes
containing the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed
a few seconds after agitation when the galvanometer reading remains constant for 30 s
or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Calculate the quantity, in mg, of USP Calcium Pantothenate RS corresponding to the
calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Oral
Solution taken
Calculate the percentage of the labeled amount of calcium pantothenate
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(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Oral Solution (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Dexpanthenol or Panthenol, Method 1
Mobile phase and Chromatographic system: Proceed as directed in the assay for
Calcium Pantothenate, Method 1.
Standard solution: 80 µg/mL of USP Dexpanthenol RS or USP Racemic Panthenol RS in
Mobile phase. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
System suitability solution: 80 µg/mL of USP Calcium Pantothenate RS in Mobile phase.
Mix the resulting solution and Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of dexpanthenol or panthenol from the Oral
Solution in Mobile phase
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of panthenol.
Calculate the percentage of the labeled amount of dexpanthenol or panthenol (C9 H19 NO4 )
in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of dexpanthenol or panthenol from the Sample solution
rS= peak area of dexpanthenol or panthenol from the Standard solution
C=
S concentration of USP Dexpanthenol RS or USP Racemic Panthenol RS in the Standard
solution (mg/mL)
C=
U nominal concentration of panthenol or dexpanthenol in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Dexpanthenol or Panthenol, Method 2
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
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Racemic Pantenol RS in water. Store in a refrigerator, protected from light, and use within
30 days. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol and USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
Standard solution: On the day of the assay, prepare 1.2 µg/mL of dexpanthenol or 2.4
µg/mL of racemic panthenol from the Standard stock solution with water.
Sample solution: 1.2 µg/mL of dexpanthenol or 2.4 µg/mL of panthenol from the Oral
Solution in water
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of dilute
hydrochloric acid (1 in 2), and reflux the mixture for 8–12 h. Remove the hydrochloric acid
from the mixture by distillation under reduced pressure until a thick paste remains.
Redissolve the resulting paste in about 500 mL of water, adjust the solution with 1 N
sodium hydroxide to a pH of 3.5 ± 0.1, and add water to make 1000 mL. Add 20 g of
activated charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal.
Store under toluene in a cool place at a temperature not below 10 . Filter the solution if a
precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
6 M hydrochloric acid solution dropwise, with stirring, until the solids are dissolved. Cool,
add water to make 1000 mL, and mix. Store under toluene in a cool place at a
temperature not below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, add
water to make 200 mL, and mix. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: Prepare a solution of riboflavin,
thiamine hydrochloride, and biotin in 0.02 N acetic acid containing 20 µg/mL of riboflavin,
10 µg/mL of thiamine hydrochloride, and 0.04 µg/mL of biotin. Store under toluene
protected from light in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: Prepare a solution in
neutral 25% alcohol containing 10 µg/mL of p-aminobenzoic acid, 50 µg/mL of niacin, and
40 µg/mL of pyridoxine hydrochloride. Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid, and mix.
Store under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Pyridoxal–calcium pantothenate solution: Dissolve 40 mg of pyridoxal hydrochloride and
375 µg of calcium pantothenate in 10% alcohol to make 200 mL, and mix. Store in a
refrigerator, and use within 30 days.
Polysorbate 40–oleic acid solution: Dissolve 25 g of polysorbate 40 and 0.25 g of oleic
acid in 20% alcohol to make 500 mL, and mix. Store in a refrigerator, and use within 30
days.
Modified pantothenate medium: Dissolve anhydrous Dextrose and Sodium acetate in the
solutions previously mixed according to Table 4, adjust with 1 N sodium hydroxide to a pH
of 6.8, dilute with water to 250 mL, and mix.
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Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed under Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve 6.0 g of peptone, 4.0 g of pancreatic
digest of casein, 3.0 g of yeast extract, 1.5 g of beef extract, 1.0 g of dextrose, and 15.0
g of agar in 800 mL of water with the aid of heat. Adjust with 0.1 N sodium hydroxide or
0.1 N hydrochloric acid to a pH between 6.5 and 6.6, dilute with water to 1000 mL, and
mix. Add 10-mL portions of the solution to culture tubes, place caps on the tubes, and
sterilize in an autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator.
Prepare a stock culture of Pediococcus acidilactici4 on a slant of this medium. Incubate at
35 for 20–24 h, and store in a refrigerator. Maintain the stock culture by monthly transfer
onto fresh slants.
Inoculum: Inoculate three 250-mL portions of sterile Modified pantothenate medium from
a stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with sterile Modified pantothenate medium.
Resuspend the cells in sufficient sterile Modified pantothenate medium so that a 1-in-50
dilution, when tested in a 13-mm diameter test tube, gives 80% light transmission at 530
nm. Transfer 1.2-mL portions of this stock suspension to sterile glass ampuls, seal, freeze
in liquid nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to
reach room temperature, mix the contents, and dilute 1 mL of thawed culture with sterile
saline TS to 150 mL.
[Note—This dilution may be altered when necessary to obtain the desired test response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes, and in the same order, add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube, and mix.
Cover the tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to
room temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the
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Inoculum. Allow to incubate at 37 for 16 h. Terminate growth by heating to a
temperature not below 80 , such as by steaming at atmospheric pressure in a sterilizer for
5–10 min. Cool, and concomitantly determine the percentage transmittance of the
suspensions in cells of equal pathlength on a suitable spectrophotometer at a wavelength
of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percent transmittance, for each set of tubes of the standard curve
against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve determine by
interpolation the potency of each tube containing portions of the Sample solution. Divide
the potency of each tube by the amount of the Sample solution added to it to obtain
the individual responses. Calculate the mean response by averaging the individual
responses that vary from their mean by NMT 15%, using NLT half the total number of
tubes. Calculate the potency of the portion of the Oral Solution taken for assay by
multiplying the mean response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of dexpanthenol or panthenol in the
portion of Oral Solution taken:
Result = (P/N) × 100
P= calculated potency of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Niacin or Niacinamide
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 25 mg/mL of edetate disodium in water
Mobile phase: Mix 350 mL of methanol, 15.0 mL of glacial acetic acid, 0.4 mL of
triethylamine, and dilute with 0.008 M sodium 1-hexanesulfonate to 2000 mL.
Standard solution: 0.10 mg/mL of USP Niacin RS or USP Niacinamide RS in Diluent. [Note
—Use USP Niacin RS for Oral Solution that contains niacin and USP Niacinamide RS for Oral
Solution that contains niacinamide.]
Sample solution: Dilute an accurately measured volume of Oral Solution with Diluent to
obtain a solution with a concentration of 0.1 mg/mL of niacin or niacinamide.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride
Diluent, Mobile phase, and Chromatographic system: Proceed as directed for Niacin or
Niacinamide.
Standard solution: 24 µg/mL of USP Pyridoxine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 µg/mL of Pyridoxine Hydrochloride from Oral Solution in
Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine hydrochloride from the Sample solution
rS= peak area of pyridoxine hydrochloride from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin-5¢ -Phosphate Sodium, Method 1
[Note—Riboflavin-5¢-phosphate sodium is quantitated against USP Riboflavin RS in this
procedure. In the chromatogram of the Sample solution, the riboflavin-5¢-phosphate peak
is the only peak measured for calculation.]
Diluent, Mobile phase, and Chromatographic system: Proceed as directed for Niacin or
Niacinamide.
Standard solution: 8 µg/mL of USP Riboflavin RS in Diluent, by heating if necessary.
Sample solution: Equivalent to 8 µg/mL of Riboflavin from the Oral Solution in Diluent
Analysis
Samples: Standard solution and Sample solution
[Note—The relative retention times for riboflavin-5¢-phosphate and riboflavin are about
0.18 and 1.0, respectively.]
Calculate the percentage of the labeled amount of riboflavin (C17 H20 N4 O6 ) in the portion
of Oral Solution taken:

PF 38(5): Sep.-Oct. 2012

549

Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of riboflavin-5¢-phosphate from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
F= factor for converting the response obtained for riboflavin-5¢-phosphate to riboflavin,
1.493. [Note—Riboflavin phosphate sodium is a mixture of isomeric monophosphates and
diphosphates containing an average amount of 67% of riboflavin-5¢-monophosphate,
which separates in this chromatographic system. The factor 1.493 assumes 67% of
riboflavin-5¢-monophosphate.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Riboflavin or Riboflavin-5¢ -Phosphate Sodium, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent blank: 1 N hydrochloric acid, 2.5 M sodium acetate, and water (1:2:97)
Standard stock solution: Transfer 0.16 mg/mL of USP Riboflavin RS in 1 N hydrochloric
acid, 2.5 M sodium acetate, and water (1:2:97). Mix the resulting solution and water
(1:9).
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 500-mL volumetric
flask, add 5.0 mL of 1 N hydrochloric acid, 10.0 mL of 2.5 M sodium acetate, and dilute
with water to volume.
Sample solution: Transfer an accurately measured volume of Oral Solution, equivalent to
0.8 mg of riboflavin to a 100-mL volumetric flask, and dilute with water to volume.
Transfer 10.0 mL of the resulting solution to a 500-mL volumetric flask, add 5.0 mL of 1 N
hydrochloric acid, 10.0 mL of 2.5 M sodium acetate, and dilute with water to volume.
Instrumental conditions
Mode: Fluorescence
Analytical wavelengths
Excitation: 440 nm
Emission: 530 nm
Blank: Solvent blank
Analysis
Samples: Standard solution and Sample solution
Determine the maximum fluorescence intensities, IS and IU, of the Standard solution and
the Sample solution, respectively.
Calculate the percentage of the labeled amount of riboflavin (C17 H20 N4 O6 ) in the portion
of Oral Solution taken:
Result= (IU/IS) × (CS/CU) × 100
IU= fluorescence intensity from the Sample solution
IS= fluorescence intensity from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine
Diluent, Mobile phase, and Chromatographic system: Proceed as directed for Niacin or
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Niacinamide.
Standard solution: 24 µg/mL of USP Thiamine Hydrochloride RS in Diluent
Sample solution: Equivalent to 24 µg/mL of thiamine hydrochloride or thiamine mononitrate
from Oral Solution in Diluent
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks.
Calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride or thiamine mononitrate in the Sample
solution (mg/mL)
F= 1 (for products containing thiamine hydrochloride) and 0.97 (for products containing
thiamine mononitrate)
Acceptance criteria: 90.0%–200.0% of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample solution
may be diluted quantitatively with the solvent specified, if necessary, to yield solutions of
suitable concentrations adaptable to the linear or working range of the instrument.]
• Chromium
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain a
solution equivalent to 1 µg/mL of chromium in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid

851 .)
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Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of chromium, and draw the straight
line best fitting the four plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of chromium in the Standard solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution, (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Fluoride
[Note—Store all solutions in plastic containers.]
Ascorbic acid solution: 70 mg/mL of ascorbic acid in water
Mobile phase: Alcohol, water, and 1 N sulfuric acid (50:449:1)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: Transfer 5.0 mL of Standard stock solution to a 100-mL volumetric
flask. Add 2 mL of Ascorbic acid solution, 10 mL of alcohol, and about 70 mL of water, and
mix. Adjust with 1 N sodium hydroxide to a pH of 4.25 ± 0.05. Dilute with water to volume,
and mix to obtain 5 µg/mL of fluoride solution.
Sample solution: Transfer an accurately measured volume of the Oral Solution, equivalent
to 0.5 mg of fluoride, to a 100-mL volumetric flask. Add 1 drop of hydrochloric acid, 10 mL
of alcohol, and about 75 mL of water, and mix. Adjust with 1 N sodium hydroxide to a pH
of 4.25 ± 0.05. Dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.6 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of fluoride.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Oral
Solution taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of fluoride from the Sample solution
rS= peak area of fluoride from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
Change to read:
• Iodide, Method 1
2S (USP36)

Mobile phase: Dissolve 5.15 g of tetrabutylammonium bromide in 320 mL of acetonitrile.
Dilute with water to 2000 mL.
Standard stock solution: 1.3 mg/mL of potassium iodide in Mobile phase. This solution has
a concentration of 1 mg/mL of iodide.
Standard solution: 2.5 µg/mL of iodide from the Standard stock solution in Mobile phase
System suitability solution: Transfer 0.13 g of potassium iodide and 0.5 g of potassium
iodate to a 100-mL volumetric flask. Dissolve in Mobile phase, using sonication if
necessary, dilute with Mobile phase to volume, and mix. Transfer 1.0 mL of this solution to
a 100-mL volumetric flask, dilute with Mobile phase to volume, and mix. Transfer 25.0 mL
of this solution to a 100-mL volumetric flask, and dilute with Mobile phase to volume.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain a
solution with a concentration of 2.5 µg/mL of iodine in Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 30 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for iodate and iodide are about 0.32 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.5 between iodate and iodide, System suitability solution
Relative standard deviation: NMT 2.0% for the iodide peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of iodine (I) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of iodide from the Sample solution
rS= peak area of iodide from the Standard solution
C=
S concentration of iodide in the Standard solution (µg/mL)
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C=
U nominal concentration of iodine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
Delete the following:
• Iodide, Method 2: Proceed as directed for Automated Methods of Analysis 16 , Assay for
Iodide. 2S (USP36)
• Iron
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask, dissolve in 6 N hydrochloric acid, and dilute with water to volume.
Standard solutions: To separate 100-mL volumetric flasks, transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
of iron.
Sample solution: 6 µg/mL of iron from the Oral Solution in 0.125 N hydrochloric acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of iron, and draw the straight line best
fitting the five plotted points. From the graph so obtained, determine the concentration,
C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Oral Solution
taken:
Result = (C/CU) × 100
C= concentration of iron in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium
Magnesium standard solution: Transfer 1.00 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, and dilute with water to
volume.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution in
0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 7.5, 10.0, 12.5,
and 15.0 mL of Standard stock solution. Dilute with 0.125 N hydrochloric acid to volume to
obtain concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of magnesium.
Sample solution: 2.5 µg/mL of magnesium from the Oral Solution in 0.125 N hydrochloric
acid
Instrumental conditions

PF 38(5): Sep.-Oct. 2012

554

(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 285.2 nm
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of magnesium in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese
Manganese standard solution: Transfer 1.0 g of manganese to a 1000-mL volumetric
flask. Dissolve in 20 mL of nitric acid, and dilute with 6 N hydrochloric acid to volume.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions having known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain 1.5
µg/mL of manganese in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus concentration, in µg/mL, of manganese, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of Oral
Solution taken:
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Result = (C/CU) × 100
C= concentration of manganese in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution in water
Standard solutions: To separate 100-mL volumetric flasks transfer 0.5, 1.0, 1.5, 2.0, and
3.0 mL of the Standard stock solution. Add 0.125 N hydrochloric acid to volume, and mix
to obtain the solutions having known concentrations of about 0.5, 1.0, 1.5, 2.0, and 3.0
µg/mL of molybdenum.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain 1
µg/mL of molybdenum from the Oral Solution in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of molybdenum in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Zinc
Zinc standard solution: Transfer 311 mg of zinc oxide to a 250-mL volumetric flask, and
add 80 mL of 6 N hydrochloric acid, warming if necessary to dissolve. Cool, dilute with
water to volume, and mix to obtain a solution having a known concentration of 1000
µg/mL of zinc.
Standard stock solution: 50 µg/mL of zinc from the Zinc standard solution in 0.125 N
hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
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of zinc.
Sample solution: Dilute an accurately measured volume of the Oral Solution to obtain 1
µg/mL of zinc in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, against the Blank. Plot the absorbances of
the Standard solutions versus concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Oral Solution
taken:
Result = (C/CU) × 100
C= concentration of zinc in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
OTHER COMPONENTS
• Alcohol Determination, Method I 611 (if present): 90.0%–120.0% of the labeled amount
of (C2 H5 OH)
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/mL, and the combined molds and yeasts count does not exceed 3 × 102 cfu/mL.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, under an inert gas or
with a minimum of headspace.
• Labeling:5 The label states that the product is Oil- and Water-Soluble Vitamins with Minerals
Oral Solution. The label also states the quantity of each vitamin and mineral in a given
volume of the Oral Solution and, where necessary, the chemical form in which a vitamin is
present, and also states the salt form of the mineral used as the source of each element.
Where the product contains vitamin E, the label indicates whether it is the d- or dl- form.
Where the product is labeled to contain panthenol the label states the equivalent content
of dexpanthenol. Where more than one assay method is given for a particular vitamin or
mineral, the labeling states with which assay method the product complies only if Method 1
is not used.
• USP Reference Standards

11
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USP Alpha Tocopherol RS
2H-1-Benzopyran-6-ol, 3,4-dihydro-2,5,7,8-tetramethyl-2-(4,8,12-trimethyltridecyl).
C29 H50 O2
430.70
USP Biotin RS
1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-[(3a ,4 ,6a )].
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-.
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Dexpanthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethyl-, (R)-.
C9 H19 NO4
205.25
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-.
C28 H44 O
396.65
USP Niacin RS
3-Pyridinecarboxylic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide.
C6 H6 N2 O
122.12
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Racemic Panthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethyl-,(±)-.
C9 H19 NO4
205.25
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Sodium Fluoride RS
Sodium fluoride.
NaF
41.99
USP Thiamine Hydrochloride RS
Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride.
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C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol acetate
(vitamin A acetate).
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters, Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbrueckii) may be obtained as No. 7030
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
4 ATC C No. 8042 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-S.
5 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Oil- and Water-Soluble Vitamins with Minerals Tablets, USP 35 page 1567. On the basis of
comments received from the General Chapters Chemical Analysis Expert Committee, it is
proposed to eliminate Ascorbic Acid, Method 2, Calcium Ascorbate, Method 2, Sodium
Ascorbate, Method 2, and Iodide, Method 2 for which the procedures described in
Automated Methods of Analysis 16 are considered outdated. Interested parties are
encouraged to submit comments on the proposed deletions and modern alternative analytical
procedures for high-throughput analysis of these components.
(DS: N. Davydova.)
Correspondence Number—C119409

Comment deadline: November 30, 2012
Oil- and Water-Soluble Vitamins with Minerals Tablets
DEFINITION
Oil- and Water-Soluble Vitamins with Minerals Tablets contain one or more of the following oilsoluble vitamins: Vitamin A, Vitamin D as Ergocalciferol (Vitamin D2 ) or Cholecalciferol (Vitamin
D3 ), Vitamin E, Phytonadione (Vitamin K1 ), and Beta Carotene; one or more of the following
water-soluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium
Ascorbate, Biotin, Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Pantothenic Acid (as
Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin,
and Thiamine Hydrochloride or Thiamine Mononitrate; and one or more minerals derived from

PF 38(5): Sep.-Oct. 2012

559

substances generally recognized as safe, furnishing one or more of the following elements in
ionizable form: boron, calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese,
molybdenum, nickel, phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain
NLT 90.0% and NMT 165.0% of the labeled amounts of vitamin A (C20 H30 O) as retinol or esters
of retinol in the form of retinyl acetate (C22 H32 O2 ) or retinyl palmitate (C36 H60 O2 ), vitamin D as
cholecalciferol (C27 H44 O) or ergocalciferol (C28 H44 O), vitamin E as alpha tocopherol (C29 H50 O2 )
or alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl acid succinate (C33 H54 O5 ),
phytonadione (C31 H46 O2 ), and beta carotene (C40 H56 ); NLT 90.0% and NMT 150.0% of the
labeled amounts of ascorbic acid (C6 H8 O6 ) or its salts as calcium ascorbate
(C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), biotin (C10 H16 N2 O3 S), cyanocobalamin
(C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O),
calcium pantothenate (C18 H32 CaN2 O10 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin
(C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate;
NLT 90.0% and NMT 125.0% of the labeled amounts of calcium (Ca), copper (Cu), iron (Fe),
manganese (Mn), magnesium (Mg), phosphorus (P), potassium (K), and zinc (Zn); and NLT
90.0% and NMT 160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F), iodine
(I), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V).
They may contain other labeled added substances that are generally recognized as safe in
amounts that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Vitamin A, Method 1
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Mobile phase: n-Hexane
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in n-hexane
System suitability stock solution: 15 µg/mL of retinyl palmitate in n-hexane
System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a container having a polytef-lined screw cap. Add 10 mL of
dimethyl sulfoxide and 15 mL of n-hexane, and shake for 45 min on a wrist-action shaker
in a water bath maintained at 60 . [Note—Set up the wrist-action shaker to ensure that
the contents of the container are mixed vigorously and thoroughly.] Centrifuge at 3000
rpm for 10 min, and transfer the hexane layer by means of a pipet to a 100-mL volumetric
flask. Add 15 mL of n-hexane to the dimethyl sulfoxide layer, shake thoroughly for 5 min,
and transfer the hexane layer by means of a pipet to the 100-mL volumetric flask. Repeat
this extraction with three additional 15-mL portions of n-hexane. Dilute the extracts in the
volumetric flask with n-hexane to volume. Dilute a 10-mL volume of this solution with nhexane to obtain a solution with a concentration of 15 µg/mL of vitamin A as retinol
(C20 H30 O).
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area for all-trans-retinyl acetate or all-trans-retinyl palmitate in the chromatogram
of the Sample solution. For products containing vitamin A acetate or vitamin A
palmitate, calculate the percentage of the labeled amount of vitamin A as retinol
(C20 H30 O) in the portion of the Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F= factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS to
retinol, 0.872
[Note—The molar responses of retinyl acetate and retinyl palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of of the labeled amount of vitamin A as retinol
(C20 H30 O)
• Vitamin A, Method 2
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL
of sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Mobile phase: n-Hexane and ethyl acetate (99.7: 0.3)
Standard solution: 15 µg/mL of retinyl acetate from USP Vitamin A RS in 2,2,4trimethylpentane
System suitability stock solution: 15 µg/mL of retinyl palmitate in 2,2,4-trimethylpentane
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System suitability solution: Mix equal volumes of the System suitability stock solution
and the Standard solution to obtain concentrations of 7.5 µg/mL each of retinyl acetate
and retinyl palmitate.
Sample solution: [Note—This preparation is suitable for the determination of vitamin A,
vitamin D, and vitamin E when present in the formulation.] Finely powder NLT 20 Tablets.
If vitamin D is present in the formulation, transfer a portion of the powder, equivalent to
30 µg of the labeled amount of cholecalciferol or ergocalciferol, to a container having a
polytef-lined screw cap. If vitamin D is not present in the formulation, use a portion of the
powder, equivalent to 90 mg of the labeled amount of vitamin E (as alpha tocopherol,
alpha tocopheryl acetate, or alpha tocopheryl hemisuccinate). If vitamin E is not present
in the formulation, use a portion of the powder, equivalent to 2.5 mg of the labeled
amount of retinyl acetate or retinyl palmitate. Add 0.5 g of sodium bicarbonate, 1.5 mL of
Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and disperse on a vortex mixer.
Add 6 mL of Sodium ascorbate–pyrogallol solution, shake slowly, and allow the solution to
degas. Continue shaking until the evolution of gas has ceased, and then shake for an
additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on a vortex mixer to form a
suspension, and shake for 12 min. Add 6 mL of 3 N methanolic sulfuric acid solution, mix
on a vortex mixer to form a suspension, and shake for 12 min. Add 12.5 mL of 2,2,4trimethylpentane, mix on a vortex mixer to form a suspension, and shake for 10 min.
Centrifuge for 10 min to break up the emulsion and to clarify the supernatant. [Note—The
supernatant is used for the determination of vitamin A and also vitamin D and vitamin E if
present in the formulation.] If necessary, quantitatively dilute a volume of the
supernatant with 2,2,4-trimethylpentane to obtain a concentration close to that of the
Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection volume: 40 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans-retinyl acetate and all-trans-retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak area for all-trans-retinyl acetate from the Standard solution and the
peak area of all-trans-retinyl acetate or all-trans-retinyl palmitate from the Sample
solution.
Calculate the percentage of the labeled amount of vitamin A as retinol (C20 H30 O) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of the all-trans-retinyl ester from the Sample solution
rS= peak area of the all-trans-retinyl ester from the Standard solution
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C=
S concentration of retinyl acetate (C22 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
C=
U nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F= factor used to convert retinyl acetate, the ester form present in the USP Vitamin A
RS, to retinol, 0.872
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration. The molar responses of retinyl acetate and retinyl
palmitate are equivalent.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
• Vitamin A, Method 3
[Note—Where the use of a vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the formulation. USP Vitamin A
RS is retinyl acetate. It is to be used where USP Vitamin A RS is specified. Use low-actinic
glassware throughout this procedure.]
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add potassium hydroxide in water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Standard stock solution: 30 µg/mL of retinyl acetate from USP Vitamin A RS in Diluent.
[Note—This solution may be stored in a refrigerator for 1 week.]
Standard solution: Dilute a volume of Standard stock solution with Diluent to obtain a
concentration of 1 µg/mL of USP Vitamin A RS. Transfer 10.0 mL of this solution to a
stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3 mL of Potassium
hydroxide solution. Insert the stopper tightly, shake for 15 min over a water bath
maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of water and 25.0 mL of
Extraction solvent. Insert the stopper tightly, and shake vigorously for 60 s. Rinse the
sides of the flask with 60 mL of water, and allow to stand for 10 min until the layers
separate. Withdraw a portion of the organic layer for injection into the chromatograph.
This Standard solution contains 0.34 µg/mL of retinol.
Sample solution: Finely powder a counted number of Tablets. Transfer a portion of the
powder equivalent to 1.5 mg of retinyl acetate to a stoppered 125-mL flask. Add 5 mL of
water, 15 mL of Diluent, and 3 mL of Potassium hydroxide solution. Insert the stopper
tightly, shake for 15 min over a water bath maintained at 60 ±5 , and cool to room
temperature. Add 7 mL of water and 25.0 mL of Extraction solvent. Insert the stopper
tightly, and shake vigorously for 60 s or longer, if necessary, for complete extraction.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the
layers separate. [Note—Do not shake because an emulsion may form.] Withdraw a portion
of the organic layer, and dilute with Extraction solvent to obtain a concentration of 0.34
µg/mL of retinol.
Chromatographic system
(See Chromatography 621 , System Suitability).
Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3

PF 38(5): Sep.-Oct. 2012

563

Column temperature: 40
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for 13-cis-retinol and all-trans-retinol are 0.92 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for all-trans-retinol and 13-cis-retinol.
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in
the portion of Tablets taken:
Result = (rT1/rT2) × (CS/CU) × F × 100
rT1
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Sample
solution
rT2
= sum of the areas of the all-trans-retinol and 13-cis-retinol peaks from the Standard
solution
CS= concentration of retinyl acetate (C23 H32 O2 ) from USP Vitamin A RS in the Standard
solution (µg/mL)
CU= nominal concentration of vitamin A as retinol (C20 H30 O) in the Sample solution
(µg/mL)
F = factor used to convert retinyl acetate, the ester form present in USP Vitamin A RS, to
retinol, 0.872
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin A as retinol
(C20 H30 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 1
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate, if necessary, in
vacuum at room temperature to obtain a concentration of 2 µg/mL of cholecalciferol or
ergocalciferol.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
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Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding
precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
F= correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 2
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure,
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
3 N methanolic sulfuric acid solution, Sodium ascorbate–pyrogallol solution, Lecithin
solution, and Sample solution: Proceed as directed in Vitamin A, Method 2.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75: 1.25)
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to
partially isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding
precursor.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding
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precursor, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
• Cholecalciferol or Ergocalciferol (Vitamin D), Method 3
[Note—Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure
use the chemical form present in the formulation and the relevant USP Reference Standard.
Use low-actinic glassware throughout this procedure.]
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture
of 31 mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8:0.2)
Mobile phase: Acetonitrile and methanol (91:9)
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution by initially washing the column with 4.0 mL
of a mixture of methylene chloride and isopropyl alcohol (4:1) followed by 5.0 mL of
Extraction solvent. Do not allow the column to dry.] Dilute a volume of Standard stock
solution with dehydrated alcohol to obtain a concentration of 5 µg/mL of USP
Cholecalciferol RS or USP Ergocalciferol RS. Prepare this solution fresh daily. Transfer 2.0
mL of this solution to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of
Potassium hydroxide solution, insert the stopper, and shake for 30 min in a water bath
maintained at 60 . Allow to cool to room temperature, and transfer the contents of the
flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert the
stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain, and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until
the layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution
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and 15.0 mL of water to the separatory funnel. Add Diluted acetic acid dropwise with
shaking until the washing is neutral. Allow to stand for 10 min until the layers separate.
Drain, and discard the aqueous layer. Filter the hexane layer through anhydrous sodium
sulfate supported by a small pledget of cotton into a 100-mL, round-bottom flask. Rinse
the funnel and sodium sulfate with a few mL of n-hexane, and collect the rinsings in the
same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to dryness.
Immediately add 2.0 mL of Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase extraction column containing silica packing
with a sorbent mass to column volume ratio of 500 mg to 2.8 mL or equivalent, rinse the
round-bottom flask with 1.0 mL of Extraction solvent, and transfer to the column. Elute
the column with 2.0 mL of Extraction solvent, and discard this fraction. Elute the column
with 7.0 mL of Extraction solvent, and collect the eluate in a suitable flask. Place the flask
in a warm water bath maintained at 42 , and evaporate the solvent with the aid of a
stream of nitrogen. Immediately add 2.0 mL of acetonitrile to the residue, and use the
solution for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 µg of cholecalciferol or ergocalciferol, to the stoppered 125-mL flask, and
proceed as directed for the Standard solution beginning with “Add 15.0 mL of water and
15.0 mL of Potassium hydroxide solution”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for vitamin D.
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cholecalciferol or ergocalciferol from the Sample solution
rS= peak area of cholecalciferol or ergocalciferol from the Standard solution
C=
S concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard
solution (µg/mL)
C=
U nominal concentration of cholecalciferol or ergocalciferol in the Sample solution
(µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin D as cholecalciferol
(C27 H44 O) or ergocalciferol (C28 H44 O)
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• Vitamin E, Method 1
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Solution A: Phosphoric acid solution (1 in 100) in water
Mobile phase: Methanol and Solution A (19:1)
System suitability solution: Prepare a 0.65-mg/mL solution of USP Ergocalciferol RS in
methanol. Transfer 1.0 mL of this solution to a 100-mL volumetric flask containing 100 mg
of USP Alpha Tocopheryl Acetate RS. Dissolve in 30 mL of methanol with the aid of
sonication if necessary, and dilute with methanol to volume. Store this solution in a
refrigerator.
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate under vacuum at
room temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 2 mg/mL
of alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid succinate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for ergocalciferol and alpha tocopheryl acetate are
about 0.5 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 12 between ergocalciferol and alpha tocopheryl acetate, System
suitability solution
Tailing factor: Between 0.8 and 1.2, System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
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C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 2
[Note—Where vitamin E (alpha tocopherol, alpha tocopheryl acetate, or alpha tocopheryl acid
succinate) is specified in the following procedure, use the chemical form present in the
formulation and the relevant USP Reference Standard. Use low-actinic glassware
throughout this procedure.]
Mobile phase: Mix 240 mL of methanol with 10 mL of water, followed by 0.5 mL of 50%
phosphoric acid, and dilute with acetonitrile to 1000 mL.
System suitability solution: 2 mg/mL each of USP Alpha Tocopherol RS, USP Alpha
Tocopheryl Acetate RS, and USP Alpha Tocopheryl Acid Succinate RS in methanol
Standard solution: 2 mg/mL of USP Alpha Tocopherol RS, USP Alpha Tocopheryl Acetate
RS, or USP Alpha Tocopheryl Acid Succinate RS in methanol
Sample solution: Proceed as directed for the Sample solution in Vitamin A, Method 2.
Transfer a volume of the supernatant 2,2,4-trimethylpentane to a suitable volumetric
flask, the volume of the specimen withdrawn from the 2,2,4-trimethylpentane, and the
size of the volumetric flask being such that the final concentration of the Sample solution
is equivalent to that of the Standard solution. Evaporate nearly to dryness, add several
mL of methanol, and evaporate the remaining 2,2,4-trimethylpentane. Dilute with methanol
to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for alpha tocopheryl acid succinate, alpha tocopherol,
and alpha tocopheryl acetate are about 0.6, 0.8, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4.0 between alpha tocopheryl acid succinate and alpha tocopherol and
NLT 3.0 between alpha tocopherol and alpha tocopheryl acetate, System suitability
solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of alpha tocopherol (C29 H50 O2 ), alpha
tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid succinate (C33 H54 O5 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of the relevant vitamin E form from the Sample solution
rS= peak area of the relevant vitamin E form from the Standard solution
C=
S concentration of the corresponding USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding form of vitamin E in the Sample solution
(mg/mL)
[Note—Account for the initial extraction volume of 26.5 mL of 2,2,4-trimethylpentane and
the dilution factor to exchange the solvent from 2,2,4-trimethylpentane to methanol to
calculate the nominal concentration.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Vitamin E, Method 3
Diluent: Acetonitrile and ethyl acetate (1:1)
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Standard solution: 0.3 mg/mL of USP Alpha Tocopherol RS in methanol
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder
equivalent to 8 mg of alpha tocopherol to a 125-mL flask fitted with a ground-glass joint.
Add 25.0 mL of water, 25.0 mL of dehydrated alcohol, and 3.5 g of potassium hydroxide
pellets. Shake for 1 h in a water bath maintained at 55 . Cool, and transfer with the aid of
a minimum volume of water to a 125-mL separatory funnel. Rinse the flask with 50 mL of
n-hexane, and add the rinsing to the separatory funnel. Insert the stopper, shake
vigorously for 60 s, and allow the layers to separate. Drain the aqueous layer into a
second 250-mL separatory funnel, and repeat the extraction with 50 mL of n-hexane.
Discard the aqueous layer, and combine the hexane extracts. Wash the combined extracts
with 25 mL of water, allow the layers to separate, and discard the aqueous layer. Add 3
drops of glacial acetic acid, and repeat the washing procedure two more times. Filter the
washed hexane layer through anhydrous sodium sulfate into a 250-mL round-bottom flask.
Rinse the funnel and sodium sulfate with a few mL of n-hexane, and add the rinsing to the
hexane solution in the flask. Place the flask in a water bath maintained at 50 , and
evaporate the hexane solution with the aid of a rotary evaporator to dryness. Immediately
add 25.0 mL of the Diluent, and swirl to dissolve the residue.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 291 nm
Column: 4.6-mm × 25-cm; packing L1
Column temperature: 40
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas.
Calculate the percentage of the labeled amount of vitamin E as alpha tocopherol
(C29 H50 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of alpha tocopherol from the Sample solution
rS= peak area of alpha tocopherol from the Standard solution
C=
S concentration of alpha tocopherol in the Standard solution (mg/mL)
C=
U nominal concentration of vitamin E as alpha tocopherol in the Sample solution (mg/mL)
[Note—Calculate the nominal amount of vitamin E as alpha tocopherol (C29 H50 O2 ) by
multiplying the content of alpha tocopheryl acetate (C31 H52 O3 ) or alpha tocopheryl acid
succinate (C33 H54 O5 ), in mg/Tablet, by the factors 0.91 or 0.81, respectively.]
Acceptance criteria: 90.0%–165.0% of the labeled amount of vitamin E as alpha
tocopherol (C29 H50 O2 ), alpha tocopheryl acetate (C31 H52 O3 ), or alpha tocopheryl acid
succinate (C33 H54 O5 )
• Phytonadione, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (19:1)
Standard stock solution: 200 µg/mL of USP Phytonadione RS in methanol. Dissolve with
the aid of sonication if necessary.
Standard solution: 20 µg/mL of USP Phytonadione RS from the Standard stock solution
diluted with methanol
System suitability solution: 0.65 mg/mL of USP Alpha Tocopheryl Acetate RS and 20
µg/mL of USP Phytonadione RS from the Standard stock solution diluted with methanol.
[Note—Dissolve USP Alpha Tocopheryl Acetate RS in a portion of methanol, add the
Standard stock solution, and then dilute with methanol to volume.]
Sample solution: Transfer NLT 20 mL of the solution prepared as directed for the Sample
solution in Vitamin A, Method 1 to a suitable container, and evaporate under vacuum at
room temperature to dryness. Transfer the residue with the aid of methanol to a suitable
volumetric flask, and dilute with methanol to volume to obtain a concentration of 20
µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 8-mm × 10-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for alpha tocopheryl acetate and phytonadione are
0.68 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 5 between alpha tocopheryl acetate and phytonadione, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
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Samples: Standard solution and Sample solution
Measure the peak areas.
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of phytonadione (C31 H46 O2 )
• Phytonadione, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent: Methanol and isopropyl alcohol (19:1)
Mobile phase: Mix 800 mL of methanol, 200 mL of methylene chloride, 0.1 mL of glacial
acetic acid, 1.36 g of zinc chloride, and 0.41 g of sodium acetate.
Internal standard solution: 5 µg/mL of menaquinone 4 (vitamin K2 ) in the Solvent. [Note
—A concentrated stock solution of menaquinone 4 (100 µg/mL) can be stored for 2
months in a refrigerator.]
Standard stock solution: 5 µg/mL of USP Phytonadione RS prepared by dissolving in
methylene chloride with the aid of sonication and diluting with Solvent to final volume
Standard solution: Transfer 1.0 mL of the Standard stock solution and 1.0 mL of the
Internal standard solution to a suitable flask, and dilute with Solvent to 5 mL. Pass
through a membrane filter of 0.45-µm or finer pore size.
Sample solution: Finely powder NLT 20 Tablets. To a centrifuge tube fitted with a cap
transfer an amount of powder not exceeding 800 mg and equivalent to an amount of
phytonadione not exceeding 50 µg. Add 4 mL of water. Insert the stopper, and mix using a
vortex mixer until the sample is dispersed. Place the tube in a water bath at 60 for 5 min.
Remove from the bath, and again shake or mix using a vortex mixer for 1 min while the
preparation is still hot. Add 8 mL of alcohol, and swirl the contents to mix. Place the tube
in a water bath at 60 for 5 min. Remove from the bath, and again shake or mix using a
vortex mixer for 2 min while the preparation is still hot. Cool to room temperature. Add a
volume of the Internal standard solution, equivalent to 1.0 mL per each 5 µg of the
expected amount of phytonadione in the aliquot taken. Add 20.0 mL of petroleum ether,
and cap the tube tightly. Shake, or mix using a vortex mixer for 15 min to thoroughly mix
the contents. Centrifuge to separate the two layers. Transfer a volume of the top layer of
petroleum ether, equivalent to 5–50 µg of the nominal amount of phytonadione, to an
appropriate flask. Place the flask in a water bath at 35 –45 , and evaporate the solvent
under a stream of nitrogen until an oily residue is left. Dissolve the residue in a volume of
the Solvent to obtain a concentration of 1 µg/mL of phytonadione.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorometric detector set at 320 nm for excitation and 420 nm for emission
Column: 4.6-mm × 25-cm; 5-µm, end-capped packing L1, and a postcolumn reactor
constituted with a 4.6-mm × 3-cm PEEK column tightly packed with zinc powder. [Note
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—Prepare the postcolumn reactor daily, or as necessary, to meet the System suitability
requirements.]
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for the internal standard and phytonadione are 1.0
and 1.4, respectively.]
Suitability requirements
Column efficiency: NLT 2500 theoretical plates for the phytonadione peak
Tailing factor: NMT 1.5 for the phytonadione peak
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of phytonadione (C31 H46 O2 ) in the
portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of phytonadione to that of the internal standard from the Sample
solution
RS= peak response ratio of phytonadione to that of the internal standard from the
Standard solution
C=
S concentration of USP Phytonadione RS in the Standard solution (µg/mL)
C=
U nominal concentration of phytonadione in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–165.0% of labeled amount of phytonadione (C31 H46 O2 )
• Beta Carotene
[Note—Use low-actinic glassware throughout this procedure.]
Potassium hydroxide solution: Dissolve 58.8 g potassium hydroxide in 50 mL of water.
Iodine solution: 0.01 mg/mL of iodine in cyclohexane. [Note—Prepare this solution fresh
daily.]
Sample solution: Weigh NLT 20 Tablets. Grind the Tablets to a fine powder, and transfer a
quantity of the powder, equivalent to 2 mg of beta carotene, to a 500-mL saponification
flask. Add 100 mL of alcohol, 6 mL of Potassium hydroxide solution, and a magnetic stirring
bar. Attach an air condenser to the flask, and heat under reflux for 45 min with constant
stirring. Cool to room temperature, add 170 mL of solvent hexane, and stir for 30 min.
Quantitatively transfer the contents of the flask to a 500-mL separatory funnel with
portions of solvent hexane. Allow the layers to separate for 5–10 min, and transfer the
upper organic layer to a 500-mL volumetric flask. Transfer the lower aqueous layer into
the saponification flask, add 170 mL of solvent hexane, and stir for an additional 20 min.
Quantitatively transfer the contents of the saponification flask to the separatory funnel
with the aid of portions of solvent hexane. Allow the layers to separate for 10 min. Drain
the lower aqueous layer, and discard. Transfer the organic layer to the volumetric flask
containing the previously collected organic layer. Rinse the separatory funnel with small
portions of solvent hexane, and transfer the washings to the volumetric flask. Dilute the
hexane extracts with solvent hexane to volume, add 3 g of anhydrous sodium sulfate,
shake, and allow to settle. Quantitatively transfer a volume of this solution, equivalent to
100 µg of beta carotene, to a 50-mL volumetric flask. Evaporate under a stream of
nitrogen to dryness, and immediately add cyclohexane. Add 2 mL of Iodine solution, and
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heat for 15 min in a water bath maintained at 65 . Cool rapidly, and dilute with
cyclohexane to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 452 nm
Blank: Cyclohexane
Analysis
Sample: Sample solution
Determine the absorbance against the Blank.
Calculate the percentage of the labeled amount of beta carotene (C40 H56 ) in the portion
of Tablets taken:
Result = (AU/F) × (100/CU)
A=
U absorbance of the Sample solution
F= absorptivity of beta carotene at 452 nm, 223
C=
U nominal concentration of beta carotene in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–165.0% of the labeled amount of beta carotene (C40 H56 )
Change to read:
• Ascorbic Acid, Method 1
2S (USP36)

Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent of 100 mg of ascorbic acid, to a 200-mL volumetric flask, and add 75 mL of
metaphosphoric–acetic acids TS. Insert a stopper into the flask, and shake by mechanical
means for 30 min. Dilute with water to volume. Transfer a portion of the solution to a
centrifuge tube, and centrifuge until a clear supernatant is obtained. Pipet 4.0 mL of this
solution into a 50-mL conical flask, and add 5 mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Tablet.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Ascorbic Acid, Method 2: Proceed as directed in Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP36)

Change to read:
• Calcium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
Delete the following:
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Delete the following:
• Calcium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Sodium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
Delete the following:
• Sodium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP36)
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 1 mg of biotin, to a 200-mL volumetric flask, add 3 mL of dimethyl sulfoxide,
and swirl to wet. Place the flask in a water bath at 60 –70 for 5 min. Sonicate for 5 min,
dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the biotin peaks.
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water prepared by dilution of the
Standard stock solution with water on the day of the assay
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5 min. Sonicate
for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate,
quantitatively and stepwise if necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and add water to make 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature not below 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise with stirring until the solids are dissolved. Cool,
and add water to make 1000 mL. Store under toluene in a cool place at a temperature not
below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
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phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.
Salt solution B: 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution, add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with
cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL. To similar test tubes
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add, in duplicate, volumes of the Sample solution corresponding to three or more of the
levels specified for the Standard solution, including the levels of 2.0, 3.0, and 4.0 mL. To
each tube add 5.0 mL of the Basal medium stock solution and sufficient water to make 10
mL. Place one complete set of Standard and sample tubes together in one tube rack and
the duplicate set in a second rack or section of a rack, preferably in random order. Cover
the tubes of both series to prevent contamination, and sterilize in an autoclave at 121
for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength from 540 to 660 nm, and
read the transmittance when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of the Standard solution per tube on
the abscissa using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall within
the range of lowest and highest points plotted for the Standard. Subtract from each
logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to obtain
the difference, X, for each dosage level. Average the values of X for each of three or
more dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution.
Calculate the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of the Tablets taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
the Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
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Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a concentration of 0.6 µg/mL of biotin. Add water up to
80% of the flask capacity, sonicate for 30–40 min, with occasional mixing, to dissolve.
Dilute with water to volume, and filter. Adjust the pH of the solution with either dilute
acetic acid or 0.1 N sodium hydroxide to 6.0–7.0.
Solid-phase extraction: [Note—Condition the extraction column specified in this
procedure in the following manner. Wash the column with a 2-mL portion of methanol.
Equilibrate with a 2-mL portion of water.]Separately pipet 5.0 mL each of the Sample
solution and the Standard solution into freshly conditioned solid-phase extraction columns
consisting of a mixed-mode packing with a sorbent-mass of 60 mg. [Note—The mixedmode packing consists of anion-exchange and reversed-phase sorbents. The reversephase component is a polymer of copolymer N-vinylpyrrolidone and divinylbenzene. The
anion exchange moiety is a trialkylamino group.2 ]Wash the column with 10 mL of 30%
(v/v) methanol in water. Apply an appropriate volume (4.9 mL) of 30% (v/v) methanol in
0.1 N hydrochloric acid to the column. Collect the eluate in a 5-mL volumetric flask,
containing 100 µL of 40% (w/v) sodium acetate in water, and dilute with 30% (v/v)
methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and portion of the Standard solution that has undergone the
Solid-phase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and the Standard solution
that has undergone Solid-phase extraction
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Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and the Sample solution that have both undergone the Solidphase extraction
Measure the peak areas of biotin.
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively add 100.0 mL
of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin.
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of powdered Tablets taken, 25 mL of an aqueous extracting solution prepared just
before use to contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity equivalent to the nominal activity of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Biotin, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and add water to
make 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene protected
from light in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving Cystine and
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Tryptophan in the hydrochloric acid before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve the Dextrose, Sodium acetate, and Ascorbic
acid. Filter if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of between 5.5 and 6.0, and add Purified Water to make 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass
with the aid of reduced pressure through a layer of the filter aid. Repeat if necessary until
a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and add
water to make 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of the Basal medium stock solution with
an equal volume of water. Place 10-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.
3 [Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
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. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus leichmannii to two sterile tubes containing 10 mL
of the Culture medium each. Incubate these cultures for 16–24 h at a temperature
between 30 and 40 held constant to within ±0.5 . Under aseptic conditions centrifuge
the cultures, and decant the supernatant. Suspend the cells from the culture in 5 mL of
sterile Suspension medium, and combine. Using sterile Suspension medium, adjust the
volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read on a
suitable spectrophotometer that has been set at a wavelength of 530 nm equipped with a
10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in-400
dilution of the adjusted suspension using sterile Basal medium stock solution. The cell
suspension so obtained is the Inoculum. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.]
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable
means, followed preferably by heating at 250 for 2 h using hard-glass 20-mm × 150mm test tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the
autoclave if necessary. Cool as rapidly as possible to avoid color formation resulting from
overheating the medium. Take precautions to maintain uniformity of sterilizing and
cooling conditions throughout the assay, because packing the tubes too closely in the
autoclave or overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 held constant to within ±0.5 , for 16–24 h.
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Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating its contents, read the transmittance at 530 nm when a
steady state is reached. This steady state is observed a few seconds after agitation
when the reading remains constant for 30 s or more. Allow approximately the same time
interval for the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance
of each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Calculate the quantity, in µg, of cyanocobalamin (C63H88CoN14O14P) in the portion of
Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin that was assumed to be present in the portion of
Tablets taken
Calculate the percentage of the labeled amount of cyanocobalamin in the portion of the
Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of the Tablets taken (µg)
Replication: Repeat the entire determination at least once using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 111 , The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
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(C63 H88 CoN14 O14 P)
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use. [Note—The methanol and water
content may be varied (between 1% and 3%) by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation.]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in the Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of powder, equivalent
to 0.4 mg of folic acid to a 50-mL amber-colored centrifuge tube. Add 25.0 mL of the
Internal standard solution, shake by mechanical means for 10 min, and centrifuge. Filter a
portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben.
Calculate the percentage of the labeled amount of folic acid (C19 H19 N7 O6 ) in the portion
of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
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C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of methanol
and 35.0 mL of Reagent, and shake for 15 min in a water bath maintained at 60 , and
cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 0.3 mg of
folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and 35.0 mL of Reagent.
Shake for 15 min in a water bath maintained at 60 , and cool. Filter, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks.
Calculate the percentage of the labeled amount of folic acid (C19 H19 N7 O6 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
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Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in the Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 15 mg of calcium pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shake vigorously for 10 min. Centrifuge, filter, and use the
clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and the internal standard.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Sample solution
RS= peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of the Standard stock
solution with water to obtain a concentration of 0.01–0.04 µg/mL of calcium
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pantothenate, the exact concentration being such that the responses obtained as
directed in the Analysis, using 2.0 and 4.0 mL of the Standard solution, are within the
linear portion of the log-concentration-response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1
in 60), dilute with water to volume, and filter. Dilute a volume of this solution to obtain a
solution having approximately the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and add water to make 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature not below 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and add water to make 1000 mL. Store under toluene in a cool place at a temperature not
below 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
add water to make 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous
Adenine–guanine–uracil solution

25 mL
25 mL
0.25 mL
10 g
5g
5 mL
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Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous Dextrose, 500 mg of anhydrous Sodium acetate, and 1.5
g of agar; and heat the mixture on a steam bath with stirring until the agar dissolves. Add
10-mL portions of the hot solution to the test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes using a pure culture of Lactobacillus
plantarum,4 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for the Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution, add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Transfer cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of the Culture medium. Incubate this culture for 16–24 h at a
temperature between 30 and 37 held constant to within ±0.5 . The cell suspension so
obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution. To each tube and to four similar empty tubes, add 5.0 mL
of the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution,
including the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal
medium stock solution and sufficient water to make 10 mL. Place one complete set of
Standard and sample tubes together in one tube rack and the duplicate set in a second
rack or section of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at
a temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24
h of incubation, until there has been no substantial increase in turbidity in the tubes
containing the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed
a few seconds after agitation when the galvanometer reading remains constant for 30 s
or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
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the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Calculate the quantity, in mg, of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion
of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate that was assumed to be present in the portion
of the Tablets taken
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of the Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of the Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
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Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric flask. Add 10 mL of
methanol, and swirl the flask to disperse. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS, to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets.Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a vortex mixer
for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on a
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vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
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For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS · HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in the Extraction solvent
Standard solution: Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask, and dilute with the Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to 2 mg of riboflavin, to a
200-mL volumetric flask. If riboflavin is not present in the formulation, transfer a portion of
the powder equivalent to 2 mg of pyridoxine. If pyridoxine is not present in the
formulation, transfer a portion of the powder, equivalent to 20 mg of niacin or niacinamide.
Add 100.0 mL of the Extraction solvent, and mix for 20 min using a wrist-action shaker.
Immerse the flask in a water bath maintained at 70 –75 , and heat for 20 min. Mix on a
vortex mixer for 30 s, cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin.
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability: Using
USP Niacinamide RS in place of USP Niacin RS, proceed as directed for Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed for Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in the Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with the Extraction solvent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine.
Calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed for Niacin, Method 2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of the Extraction solvent. Immerse the flask for 5 min in a water
bath maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly
in a cold water bath to room temperature, and dilute with the Extraction solvent to
volume.
Standard solution: Dilute 5.0 mL of the Standard stock solution with the Extraction
solvent to 25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin.
Calculate the percentage of the labeled amount of riboflavin (C17 H20 N4 O6 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 g/L of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh, and finely powder NLT 20 Tablets. Mix a portion of the Tablets'
powder with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02 mg/mL
of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min.
Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks.
For products containing thiamine hydrochloride, calculate the percentage of the labeled
amount of thiamine hydrochloride (C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
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CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent with heating if necessary
Standard solution: Transfer 5.0 mL of the Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Weigh, and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the peaks.
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
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rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS · HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a Standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample solution
may be diluted quantitatively with the solvent specified, if necessary, to yield solutions of
suitable concentrations adaptable to the linear or working range of the instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from the Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of the Lanthanum
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chloride solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5,
2.0, 2.5, and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution quantitatively, with 0.125 N
hydrochloric acid, to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of the
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Calcium emission line at 422.7 nm
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of calcium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from the Chromium standard solution
diluted with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
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(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Chromium emission line at 357.9 nm
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
solution of nitric acid, and dilute with a 1% solution of nitric acid to 1000 mL. This solution
contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from the Copper standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Copper emission line at 324.7 nm
Lamp: Copper hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of copper, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C= concentration of copper in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water
contained in a 1000-mL volumetric flask. Allow the solution to equilibrate to room
temperature, and dilute with water to volume. Adjust with a few drops of acetic acid to a
pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator in water
Intermediate stock solution A: 100 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from the Fluoride standard stock
solution diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to 200 µg
of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N hydrochloric acid, 25.0 mL of
3 M sodium acetate solution, and 25.0 mL of Sodium citrate solution, and dilute with
water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific
ion-indicating electrode and a calomel reference electrode. [Note—When taking
measurements immerse the electrodes in the solution, stir on a magnetic stirrer having
an insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse
and dry the electrodes between measurements, taking care to avoid damaging the
crystal of the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
potential, in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in µg/mL, of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with one column volume of
methanol followed by one column volume of pH 10.0 buffer. Do not allow the column top
to dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL
of the Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and
adjust with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume.
Filter, discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to 1 mg of fluorine, in 15 mL of water, and shake vigorously. Rinse the sides of
the flask with 15 mL of water, and allow to stand for 10 min. Dilute with water to 85 mL,
adjust with 1 N sodium hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL.
Proceed as directed for the Standard solution, beginning with “Filter, discarding the first
15 mL of the filtrate”.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Columns
Guard: 4.6-mm × 3-cm; packing L17
Analytical: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
Change to read:
• Iodide, Method 1
2S (USP36)

Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Tablets
Transfer an amount of finely powdered Tablets, equivalent to 3 mg of iodide, to a nickel
crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium hydroxide solution, and
10 mL of alcohol, taking care that the entire specimen is moistened. Heat the crucible on
a steam bath to evaporate the alcohol, then dry the crucible at 100 for 30 min to
prevent spattering upon subsequent heating. Transfer the crucible with its contents to a
furnace heated to 500 , and heat the crucible for 15 min. [Note—Heating at 500 is
necessary to carbonize any organic matter present; a higher temperature may be used, if
necessary, to ensure complete carbonization of all organic matter.]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil
gently for 10 min. Filter the solution, and wash the crucible with boiling water, collecting
the filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, then add 1 mL excess of phosphoric acid. Add excess of Bromine water,
and boil the solution gently until colorless and then for 5 min longer. Add a few crystals of
salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and 0.5 g of
potassium iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate VS,
adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA = actual normality of the sodium thiosulfate solution used
F = correction factor to convert mg to µg, 1000 µg/mL
Ime= milliequivalent of I, 21.16 mg/meq
Aw= average weight of the Tablets
W = weight of the portion of the Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
Delete the following:
• Iodide, Method 2: Proceed as directed in Automated Methods of Analysis
Iodide.

16 , Assay for
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Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I) 2S (USP36)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask, dissolve in 25 mL of 6 N hydrochloric acid, and dilute with water to volume.
Standard solutions: To separate 100-mL volumetric flasks, transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with water
to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 5 µg/mL of iron and omit the use of the Lanthanum
chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Iron emission line at 248.3 nm
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of iron, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a known concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of the Lanthanum
chloride solution, and dilute with 0.125 N hydrochloric acid to volume to obtain
concentrations of 0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Magnesium emission line at 285.2 nm
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Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= concentration of magnesium in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer 1.00 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric acid to
volume, and mix to obtain a solution with a concentration of 1000 µg/mL of manganese.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 1 µg/mL of manganese and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Manganese emission line at 279.5 nm
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
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C= concentration of manganese in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from the Molybdenum standard
solution diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of molybdenum,
to a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
disperse the test specimen. Sonicate for 10 min or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid, heat until perchloric acid fumes appear, and swirl the flask to
dissipate the fumes. Repeat the heating and swirling until the fumes appear again. Cool to
room temperature. Quantitatively transfer the contents of the flask to a 100-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Molybdenum emission line at 313.3 nm
Lamp: Molybdenum hollow-cathode
Flame: Nitrous oxide–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw
the straight line best fitting the three plotted points. From the graph so obtained,
determine the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= concentration of molybdenum in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
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Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 mg of stannous chloride to a beaker, add
20 mL of 6.5 N hydrochloric acid solution, and heat the solution until the stannous chloride
is dissolved. Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets equivalent to 40 µg of molybdenum
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 465 nm
Cell: 1 cm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample
Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is
complete, as indicated when the liquid becomes colorless or pale yellow. Evaporate the
solutions in the beakers to dryness. Rinse the sides of the beakers and the watchglasses
with water, and add more water to complete 50 mL in each beaker. Gently boil the
water solution for a few min. Cool to room temperature. Add 2 drops of methyl orange
TS, and neutralize with ammonium hydroxide. Add 8.2 mL of hydrochloric acid.
Quantitatively transfer the contents of the beakers to separate 100-mL volumetric
flasks, rinse the beakers with water, transfer the rinsings to the corresonding volumetric
flasks, and dilute with water to volume. Transfer 50.0 mL of each solution to separatory
funnels. To each separatory funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of
Ferrous sulfate solution, 4.0 mL of Potassium thiocyanate solution, 1.5 mL of 20%
Stannous chloride solution, and 15.0 mL of amyl alcohol, and shake the separatory
funnel for 1 min. Allow the layers to separate, and discard the aqueous layers. Add 25
mL of Diluted stannous chloride solution to each separatory funnel, and shake gently for
15 s. Allow the layers to separate, and discard the aqueous layers. Transfer the organic
layer from each separatory funnel to a centrifuge tube, and centrifuge at 2000 rpm for
10 min. Determine the absorbances of the organic phases obtained from the Standard
solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
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Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in the Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with the Sulfuric
acid solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add one drop of sulfuric acid
per 100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to 100 mg of phosphorus, to 25 mL of nitric acid, and
digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and continue the
digestion to the cessation of brown fumes. Cool, and transfer the contents of the flask to
a 500-mL volumetric flask with the aid of small portions of water. Dilute with water to
volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and dilute with
water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 650 nm
Cell: 1 cm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard
solution, the Sample solution, and water to provide the blank. To each of the three
flasks add 1.0 mL each of Ammonium molybdate solution, Hydroquinone solution, and
Sodium bisulfite solution, and swirl to mix. Dilute the contents of each flask with water
to volume, and allow the flasks to stand for 30 min. Determine the absorbances of the
solutions against the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
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dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from the Potassium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Proceed as directed for Calcium, Method 1, except prepare the Sample
solution to contain a concentration of 1 µg/mL of potassium and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Potassium emission line at 766.5 nm
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from the Selenium standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of the powder, equivalent to 1000 µg of selenium, to
a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric acid may be
varied to ensure that the powder is uniformly dispersed.] Carefully swirl the flask to
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disperse the test specimen. Sonicate for 10 min or until the test specimen is completely
dissolved. Gently boil the solution for 15 min, and cool to room temperature. Carefully add
8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes appear, and
swirl the flask to dissipate the fumes. Repeat the heating and swirling until the fumes
appear again. Cool to room temperature. Transfer the contents of the flask to a 50-mL
volumetric flask with the aid of the Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Selenium emission line at 196.0 nm
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of selenium, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= concentration of selenium in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, then add
hydroxylamine hydrochloride, and dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
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Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 20 µg of
selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently on a hot plate.
Continue heating until the initial nitric acid reaction has subsided, then add 3 mL of
perchloric acid.
[Caution—Exercise care at this stage because the perchloric acid reaction becomes
vigorous.]
Continue heating on the hot plate until the appearance of white fumes of perchloric acid
or until the digest begins to darken. Add 0.5 mL of nitric acid and resume heating, adding
additional amounts of nitric acid if further darkening occurs. Digest for 10 min after the
first appearance of perchloric acid fumes or until the digest becomes colorless. Cool the
flask, add 2.5 mL of Hydrochloric acid solution, and return the flask to the hot plate to
expel residual nitric acid. Heat the mixture for 3 min after it begins to boil. Cool the flask
to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 380 nm
Cell: 1 cm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate
separatory funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and
extract vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer
to a centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining
water. Determine the absorbances of the solutions obtained from the Samples against
the solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbances of the cyclohexane layer from the Sample solution
AS= absorbances of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide in 5 M hydrochloric acid (3.89
mg/mL) and diluted with water to final volume. [Note—Dissolve in 5 M hydrochloric acid by
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warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from the Zinc standard stock solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Proceed as directed for the Sample solution in Calcium, Method 1,
except prepare the Sample solution to contain a concentration of 2 µg/mL of zinc and
omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: Zinc emission line at 213.8 nm
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of
the Standard solutions versus the concentration, in µg/mL, of zinc, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= concentration of zinc in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of the Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% nitric acid
solution, 1000 mg/L of scandium in 5% nitric acid solution, and Diluent (1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% nitric acid solution to obtain a solution having final concentrations of about 1000 mg/L
of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L of
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manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% hydrochloric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
20% hydrochloric acid solution to obtain a solution having final concentrations of about
200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium, tin,
and vanadium.
Standard solutions: Prepare a mixture of the Standard stock solution 1 and the Standard
stock solution 2, as required, in the Diluent to prepare a six-point calibration curve to
bracket the concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals found in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT 20 Tablets. Transfer a portion,
equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask. Slowly add 25
mL of the Stock aqua regia solution in 5-mL increments, followed by mixing. [Note—If the
sample contains a carbonate, bubbling will occur. Wait until bubbling ends to proceed.]
Bring the solution to a boil on a hot plate. Continue to heat gently until fumes cease
(about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.] Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a 5-µm pore size nylon syringe filter. If necessary, make any further dilutions using
the Diluent.
Sample solution 2 (for Tablets containing minerals found only in Standard stock solution
2): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of the Stock aqua
regia solution in 5-mL increments followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.] Remove from heat, cool, and dilute with
water to volume. Filter about 30 mL into a centrifuge tube using a nylon syringe filter of
5-µm pore size. If necessary, make any further dilutions using the Diluent.
Sample solution 3 (for Tablets containing minerals found only in Standard stock solution
1): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to the average
Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of tje Stock aqua regia
solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently (about 1 h) until fumes cease. Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube
using a nylon syringe filter of 5-µm pore size. If necessary, make any further dilutions
using the Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
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System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in the
Analysis. ]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral taken:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Tablet weight (mg)
L = labeled amount (mg/Tablet)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amounts of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meet the
requirements of the tests for absence of Salmonella species, Escherichia coli, and
Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling:5 The label states that the product is Oil- and Water-Soluble Vitamins with Minerals
Tablets. The label also states the quantity of each vitamin and mineral per dosage unit and
where necessary the chemical form in which a vitamin is present and also states the salt
form of the mineral used as the source of each element. Where the product contains
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vitamin E, the label indicates whether it is the d- or dl- form. Where more than one assay
method is given for a particular vitamin, the labeling states with which assay method the
product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Alpha Tocopherol RS
2H-1-Benzopyran-6-ol, 3,4-dihydro-2,5,7,8,-tetramethyl-2-(4,8,12-trimethyltridecyl).
C29 H50 O2
430.70
USP Alpha Tocopheryl Acetate RS
USP Alpha Tocopheryl Acid Succinate RS
USP Biotin RS
1H-Thieno[3,4-d]imidazole-4-pentanoic acid, hexahydro-2-oxo-, 3aS-[(3a ,4 ,6a )].
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
-Alanine, N-(2,4-dihydroxy-3,3-dimethyl-1-oxobutyl)-, calcium salt (2:1), (R)-.
C18 H32 CaN2 O10
476.53
USP Cholecalciferol RS
9,10-Secocholesta-5,7,10(19)-trien-3-ol, (3 ,5Z,7E)-.
C27 H44 O
384.64
USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Ergocalciferol RS
9,10-Secoergosta-5,7,10 (19),22-tetraen-3-ol, (3 ,5Z,7E,22E)-.
C28 H44 O
396.65
USP Folic Acid RS
USP Niacin RS
3-Pyridinecarboxylic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
3-Pyridinecarboxamide.
C6 H6 N2 O
122.12
USP Phytonadione RS
USP Pyridoxine Hydrochloride RS
3,4-Pyridinedimethanol, 5-hydroxy-6-methyl-, hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Sodium Fluoride RS
Sodium fluoride.
NaF
41.99
USP Thiamine Hydrochloride RS
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Thiazolium, 3-[(4-amino-2-methyl-5-pyrimidinyl)methyl]-5-(2-hydroxyethyl)-4-methyl-,
chloride, monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
USP Vitamin A RS
3,7-Dimethyl-9-(2,6,6-trimethyl-1- cyclohexen-1-yl) 2,4,6,8-nonatetraen-1-ol acetate
(vitamin A acetate).
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters, Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii may be obtained as No. 7830 from ATC C , 10801 University Blvd.,
Manassas, VA 20110-2209 (www.atcc.org).
4 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
5 USP Units of activity for vitamins, where such exist or formerly existed, are equivalent to the corresponding
international units, where such formerly existed. The USP Unit for Vitamin E has been discontinued.
International units (IU) for vitamins also have been discontinued; however, the use of IU on the labels of
vitamin products continues. Where articles are labeled in terms of Units in addition to the required labeling, the
relationship of the USP Units or IU to mass is as follows. One USP Vitamin A Unit = 0.3 µg of all-trans-retinol
(vitamin A alcohol) or 0.344 µg of all-trans-retinyl acetate (vitamin A acetate) or 0.55 µg of all-trans-retinyl
palmitate (vitamin A palmitate), and 1 µg of retinol (3.3 USP Vitamin A Units) = 1 retinol equivalent (RE); 1 IU
of beta carotene = 0.6 µg of all-trans-beta carotene; 1 USP Vitamin D Unit = 0.025 µg of ergocalciferol or
cholecalciferol; and 1 mg of dl-alpha tocopherol = 1.1 former USP Vitamin E Units, 1 mg of dl-alpha tocopheryl
acetate = 1 former USP Vitamin E Unit, 1 mg of dl-alpha tocopheryl acid succinate = 0.89 former USP Vitamin
E Unit, 1 mg of d-alpha tocopherol = 1.49 former USP Vitamin E Units, and 1 mg of d-alpha tocopheryl acetate
= 1.36 former USP Vitamin E Units, 1 mg of d-alpha tocopheryl acid succinate = 1.21 former USP Vitamin E
Units. In terms of d-alpha tocopherol equivalents, 1 mg of d-alpha tocopheryl acetate = 0.91, 1 mg of d-alpha
tocopheryl acid succinate = 0.81, 1 mg of dl-alpha tocopherol = 0.74, 1 mg of dl-alpha tocopheryl acetate =
0.67, and 1 mg of dl-alpha tocopheryl acid succinate = 0.60.

BRIEFING
Water-Soluble Vitamins Capsules, USP 35 page 1592. On the basis of comments received
from the General Chapters Chemical Analysis Expert Committee, it is proposed to eliminate
Ascorbic Acid, Method 2; Calcium Ascorbate, Method 2; and Sodium Ascorbate, Method 2
because the procedure described in Automated Methods of Analysis 16 is considered
outdated. Interested parties are encouraged to submit comments on the proposed deletions
and modern alternative analytical procedures for high throughput analysis of these
components.
(DS: N. Davydova.)
Correspondence Number—C119402

Comment deadline: November 30, 2012
Water-Soluble Vitamins Capsules
DEFINITION
Water-Soluble Vitamins Capsules contain two or more of the following water-soluble vitamins:
Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Dexpanthenol or Panthenol, Pantothenic Acid (as Calcium
Pantothenate or Racemic Calcium Pantothenate), Niacin or Niacinamide, Pyridoxine
Hydrochloride, Riboflavin, and Thiamine Hydrochloride or Thiamine Mononitrate. Capsules contain
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NLT 90.0% and NMT 150.0% of the labeled amounts of ascorbic acid (C6 H8 O6 ), biotin
(C10 H16 N2 O3 S), cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), dexpanthenol
(C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), calcium pantothenate (C18 H32 CaN2 O10 ), niacin
(C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin
(C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate.
They do not contain any form of Beta Carotene or Vitamin A, D, E, or K. They do not contain
any minerals for which nutritional value is claimed. They may contain other labeled added
substances in quantities that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
Change to read:
• Ascorbic Acid, Method 1
2S (USP36)

Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to a nominal amount of 100 mg of ascorbic
acid, to a 200-mL volumetric flask, and add 75 mL of metaphosphoric–acetic acids TS.
Insert a stopper into the flask, and shake by mechanical means for 30 min. Dilute with
water to volume. Transfer a portion of the solution to a centrifuge tube, and centrifuge
until a clear supernatant is obtained. Pipet 4.0 mL of this solution into a 50-mL conical
flask, and add 5 mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Capsule.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Ascorbic Acid, Method 2: Proceed as directed in Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP36)

Change to read:
• Calcium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. , Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
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Delete the following:
• Calcium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Sodium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. , Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
Delete the following:
• Sodium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP36)
Change to read:
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 1 mg of biotin, to a 200-mL volumetric flask.
Add 3 mL of dimethyl sulfoxide, and swirl to wet the contents. Place the flask in a water
bath at 60 –70 for 5 min. Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas of biotin. Calculate the percentage of the labeled amount of
biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of biotin from the Sample solution
rS= peak area of biotin from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used, provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50%
alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5
min. Sonicate for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of
the filtrate quantitatively, and stepwise if necessary, with water to obtain a solution with
a concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
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Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.
Salt solution B: 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
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Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength from 540 to 660 nm, and
read the transmittance when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall within
the range of lowest and highest points plotted for the Standard. Subtract from each
logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to obtain
the difference, x, for each dosage level. Average the values of x for each of three or more
dosage levels to obtain x, which equals the log-relative potency, M¢, of the Sample
solution.
Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
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R= number of µg of biotin assumed to be present in the portion of Capsules taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution
diluted with water
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to 100 µg of cyanocobalamin, to a 250-mL
flask. Add 100.0 mL of water, and carefully extract for 2 min. Filter 10 mL of the extract,
and use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Capsules taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak area of cyanocobalamin from the Sample solution
rS= peak area of cyanocobalamin from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of Capsule contents taken, 25 mL of an aqueous extracting solution prepared just
before use to contain 12.9 mg/mL of dibasic sodium phosphate, 11.0 mg/mL of anhydrous
citric acid, and 10 mg/mL of sodium metabisulfite. Autoclave the mixture at 121 for 10
min. Allow any undissolved particles of the extract to settle, and filter or centrifuge, if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method
2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method
2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
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Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene, protected
from light, in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used, provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving cystine and
tryptophan in the hydrochloric acid before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve the dextrose, sodium acetate, and ascorbic
acid. Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH between 5.5 and 6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter-aid in the supernatant, and pass,
with the aid of reduced pressure, through a layer of the filter-aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used, provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
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Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii.2
[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
containing 10 mL each of the Culture medium. Incubate these cultures for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Under aseptic
conditions, centrifuge the cultures, and decant the supernatant. Suspend the cells from
the culture in 5 mL of sterile Suspension medium, and combine. Using sterile Suspension
medium, adjust the volume so that a 1-in-20 dilution in saline TS produces 70%
transmittance when read on a suitable spectrophotometer that has been set at a
wavelength of 530 nm, equipped with a 10-mm cell, and read against saline TS set at
100% transmittance. Prepare a 1-in-400 dilution of the adjusted suspension, using sterile
Basal medium stock solution. [Note—This dilution may be altered, when necessary, to
obtain the desired test response.] The cell suspension so obtained is the Inoculum.
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water, with
the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient

PF 38(5): Sep.-Oct. 2012

625

water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating contents, read the transmittance at 530 nm when a steady
state is reached. This steady state is observed a few seconds after agitation when the
reading remains constant for 30 s or more. Allow approximately the same time interval for
the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following procedure.
Test for and replace any aberrant individual transmittances. For each level of the
Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, x, for each dosage level. Average the values of x for each of three
or more dosage levels to obtain x, which equals the log-relative potency, M¢, of the
Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in the portion of Capsules taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in
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the portion of Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Capsules taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 111 , The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
additional determinations. From the mean of two or more values of M that do not differ by
more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer an amount of Capsule
contents to a suitable centrifuge tube, and add a volume of Internal standard solution to
obtain a nominal concentration of 0.016 mg/mL of folic acid. Shake by mechanical means
for 10 min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
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System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of folic acid to methylparaben from the Sample solution
RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Diluent: 60 µg/mL of ammonium hydroxide
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of the Standard stock solution with 10.0 mL of a mixture of
methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene
glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the net average weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 0.3 mg of folic acid, to a 125-mL stoppered flask. Add 10.0 mL of
a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol
and ethylene glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool.
Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Dexpanthenol or Panthenol
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used, provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator, protected from light, and use
within 30 days.
Standard solution: On the day of the assay, prepare a dilution of 1.2 µg/mL of
dexpanthenol or 2.4 µg/mL of panthenol from the Standard stock solution diluted with
water.
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents as completely as possible to a
beaker. Remove any contents adhering to the empty Capsule shells by washing with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight per
Capsule. Dissolve a portion of the Capsule contents, equivalent to 1.2 mg of dexpanthenol
or 2.4 mg of panthenol, in 100.0 mL of water. Quantitatively dilute a portion of this
solution with water to obtain a concentration of 1.2 µg/mL of dexpanthenol or 2.4 µg/mL
of panthenol.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
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Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
hydrochloric acid solution (1 in 2) dropwise, with stirring, until the solids are dissolved.
Cool, and dilute with water to 1000 mL. Store under toluene in a cool place at a
temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in neutral
25% alcohol. Store in a refrigerator.
Salt solution A: 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of dibasic
potassium phosphate in water. Add 10 drops of hydrochloric acid per L of solution. Store
under toluene.
Salt solution B: 20 mg/mL of magnesium sulfate, 1 mg/mL of sodium chloride, 1 mg/mL of
ferrous sulfate, and 1 mg/mL of manganese sulfate in water. Add 10 drops of hydrochloric
acid per L of the solution. Store under toluene.
Pyridoxal–calcium pantothenate solution: 200 µg/mL of pyridoxal hydrochloride and
1.875 µg/mL of calcium pantothenate in 10% alcohol. Store in a refrigerator, and use
within 30 days.
Polysorbate 40–oleic acid solution: 50 mg/mL of polysorbate 40 and 0.5 mg/mL of oleic
acid in 20% alcohol. Store in a refrigerator, and use within 30 days.
Modified pantothenate medium: Dissolve anhydrous dextrose and sodium acetate in the
solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
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Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH of 6.5–6.6, and dilute with water to 1000 mL. Add 10mL portions of the solution to culture tubes, place caps on the tubes, and sterilize in an
autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator. Prepare a stock
culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at 35 for 20–24 h,
and store in a refrigerator. Maintain the stock culture by monthly transfer onto fresh
slants.
Inoculum: Inoculate three 250-mL portions of sterile Modified pantothenate medium from
a stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with sterile Modified pantothenate medium.
Resuspend the cells in enough sterile Modified pantothenate medium that a 1-in-50
dilution, when tested in a 13-mm diameter test tube, gives 80% light transmission at 530
nm. Transfer 1.2-mL portions of this stock suspension to sterile glass ampuls, seal, freeze
in liquid nitrogen, and store in a freezer. On the day of the assay, allow the ampuls to
reach room temperature, mix the contents, and dilute 1 mL of thawed culture with sterile
saline TS to 150 mL. [Note—This dilution may be altered when necessary to obtain the
desired test response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes and in the same order add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube. Cover the
tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to room
temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the Inoculum.
Allow to incubate at 37 for 16 h. Terminate growth by heating to a temperature NLT 80 ,
such as by steaming at atmospheric pressure in a sterilizer for 5–10 min. Cool, and
determine the percentage transmittance of the suspensions, in cells of equal path length,
on a suitable spectrophotometer, at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percentage of transmittance, for each set of tubes of the standard
curve against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency of each tube containing portions of the Sample solution. To
obtain the individual responses, divide the potency of each tube by the amount of the
Sample solution added to it. Calculate the mean response by averaging the individual
responses that vary from their mean by NMT 15%, using NLT half the total number of
tubes. Calculate the potency of the portion of the material taken for assay by multiplying
the mean response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of dexpanthenol (C9 H19 NO4 ) or panthenol
(C9 H19 NO4 ) in the portion of Capsules taken:
Result = (P/N) × 100
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P= potency of dexpanthenol or panthenol in the portion of Capsules taken (mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Capsules taken (mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
Change to read:
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” To a centrifuge tube, transfer an
amount of mixed Capsule contents and a volume of Internal standard solution to obtain a
nominal concentration of 0.6 mg/mL in the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate and the internal standard. Calculate the
percentage of the labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the
portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
R=
S peak area ratio of calcium pantothenate to p-hydroxybenzoic acid from the Standard
solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
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Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 50 mg of calcium pantothenate, to a 1000mL volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100
mL of sodium acetate solution (1 in 60), dilute with water to volume, and filter. Dilute a
volume of this solution to obtain a solution with approximately the same concentration as
that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
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ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 4, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum1 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: Add 5.0 mL of water containing 0.2 µg of calcium pantothenate to each
of a series of test tubes containing 5.0 mL of Basal medium stock solution. Plug the tubes
with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Transfer cells
from the of Stock culture of Lactobacillus plantarum to a sterile tube containing 10 mL of
Culture medium. Incubate this culture for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . The cell suspension so obtained is the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
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of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 , until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall within
the range of the lowest and highest points plotted for the Standard. Subtract from each
logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to obtain
the difference, x, for each dosage level. Average the values of x for each of three or more
dosage levels to obtain x, which equals the log-relative potency, M¢, of the Sample
solution.
Determine the quantity, in mg, of calcium pantothenate (C18 H32 CaN2 O) in the portion of
Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Capsules
taken
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Capsules taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Capsules taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
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Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 10 mg of calcium pantothenate, to a 250-mL
volumetric flask. Add 10 mL of methanol, and swirl the flask to disperse the Capsule
contents. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of calcium pantothenate. Calculate the percentage of the labeled
amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of calcium pantothenate from the Sample solution
rS= peak area of calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
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Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or on a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride,
riboflavin, and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent,
and mix on a vortex mixer for 30 s to completely suspend the powder. Immerse the
centrifuge tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a
vortex mixer for 30 s. Return the tube to the hot water bath, heat for another 5 min, and
mix on a vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature,
and use the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
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C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask.
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Dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Weigh NLT 20
Capsules in a tared weighing bottle. Open the Capsules, without loss of shell material, and
transfer the contents to a beaker. Remove any contents adhering to the shells by
washing with several portions of ether. Discard the washings, and dry the Capsule shells
with the aid of a current of dry air. Weigh the empty Capsule shells in the tared weighing
bottle, and calculate the net weight of the Capsule contents. Transfer a portion of the
Capsule contents, equivalent to a nominal amount of 2 mg of riboflavin, to a 200-mL
volumetric flask. If riboflavin is not present in the formulation, use a portion equivalent to
a nominal amount of 2 mg of pyridoxine. If pyridoxine is not present in the formulation, use
a portion equivalent to a nominal amount of 20 mg of niacin or niacinamide. Add 100.0 mL
of Extraction solvent, and mix for 20 min, using a wrist-action shaker. Immerse the flask in
a water bath maintained at 70 –75 , and heat for 20 min. Mix on a vortex mixer for 30 s,
cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, Standard stock solution, Standard solution,
Sample solution, and Chromatographic system: Using USP Niacinamide RS in place of
USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas of niacinamide. Calculate the percentage of the labeled amount of
niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: 20 µg/mL of USP Pyridoxine Hydrochloride RS from the Standard stock
solution diluted with Extraction solvent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of pyridoxine from the Sample solution
rS= peak area of pyridoxine from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution B: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution B and methanol (13:7). Add 2 mL of
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triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of riboflavin from the Sample solution
rS= peak area of riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from the Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Mix a portion of the Capsule
contents with a volume of 0.2 N hydrochloric acid to obtain a nominal concentration of
0.02 mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling
for 30 min. Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of the major peaks. For products containing thiamine
hydrochloride, calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
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Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight per Capsule.” Transfer a portion of the Capsule
contents, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine
hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a stoppered
125-mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1), and 30.0
mL of a mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15
min in a water bath maintained at 60 , and cool. Filter, discarding the first few mL of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas of niacin or niacinamide. Calculate the percentage of the labeled
amount of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
(for products containing thiamine hydrochloride) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
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For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meet the
requirements of the tests for absence of Salmonella species, Escherichia coli, and
Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins Capsules. The label
also states the quantity of each vitamin in terms of metric units per dosage unit and where
necessary the salt form in which it is present. Where more than one assay method is given
for a particular vitamin, the labeling states which assay method is used only if Method 1 is
not used. Where products are labeled to contain panthenol, the label states the equivalent
content of dexpanthenol.
• USP Reference Standards 11
USP Biotin RS
(3aS,4S,6aR)-Hexahydro-2-oxo-1H-thieno[3,4-d]imidazole-4-valeric acid.
C10 H16 N2 O3 S
244.31
USP Calcium Pantothenate RS
Calcium d-pantothenate (1:2).
C18 H32 CaN2 O10
476.53
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USP Cyanocobalamin RS
Vitamin B12 .
C63 H88 CoN14 O14 P
1355.37
USP Dexpanthenol RS
d-(+)-2,4-Dihydroxy-N-(3-hydroxypropyl)-3,3-dimethylbutyramide.
C9 H19 NO4
205.25
USP Folic Acid RS
l-Glutamic acid, N-[4-[[(2-amino-1,4-dihydro-4-oxo-6pteridinyl)methyl]amino]benzoyl]-.
C19 H19 N7 O6
441.40
USP Niacin RS
Nicotinic acid.
C6 H5 NO2
123.11
USP Niacinamide RS
Nicotinamide.
C6 H6 N2 O
122.12
USP Racemic Panthenol RS
Butanamide, 2,4-dihydroxy-N-(3-hydroxypropyl)-3,3-dimethyl-, (±)-.
C9 H19 NO4
205.25
USP Pyridoxine Hydrochloride RS
Pyridoxol hydrochloride.
C8 H11 NO3 ·HCl
205.64
USP Riboflavin RS
Riboflavine.
C17 H20 N4 O6
376.36
USP Thiamine Hydrochloride RS
Thiamine monohydrochloride.
C12 H17 ClN4 OS·HCl
337.27
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 Pure cultures of Lactobacillus leichmannii may be obtained as No. 7830 from ATC C , 10801 University Blvd.,
Manassas, VA 20110-2209.
3 ATC C No. 8042 is suitable.

BRIEFING
Water-Soluble Vitamins Tablets, USP 35 page 1605. On the basis of comments received from
the General Chapters—Chemical Analysis Expert Committee, it is proposed to eliminate
Ascorbic Acid, Method 2; Calcium Ascorbate, Method 2; and Sodium Ascorbate, Method 2
because the procedure described in Automated Methods of Analysis 16 is considered
outdated. Interested parties are encouraged to submit comments on the proposed deletions
and modern alternative analytical procedures for high throughput analysis of these
components.
(DS: N. Davydova.)
Correspondence Number—C119406

Comment deadline: November 30, 2012
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Water-Soluble Vitamins Tablets
DEFINITION
Water-Soluble Vitamins Tablets contain two or more of the following water-soluble vitamins:
Ascorbic Acid or its equivalent as Sodium Ascorbate or Calcium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Pantothenic Acid (as Calcium Pantothenate
or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate. Tablets contain NLT 90.0% and NMT 150.0% of the
labeled amounts of ascorbic acid (C6 H8 O6 ) or its equivalent as sodium ascorbate or calcium
ascorbate, biotin (C10 H16 N2 O3 S), cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ),
niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), calcium pantothenate (C18 H32 CaN2 O10 ), pyridoxine
hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as
thiamine hydrochloride or thiamine mononitrate.
They do not contain any form of Beta Carotene or Vitamin A, D, E, or K. They do not contain
any minerals for which nutritional value is claimed. They may contain other labeled added
substances in quantities that are unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
Change to read:
• Ascorbic Acid, Method 1
2S (USP36)

Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 100 mg of ascorbic acid, to a 200-mL volumetric flask, and add 75 mL of
metaphosphoric–acetic acids TS. Insert a stopper into the flask, and shake by mechanical
means for 30 min. Dilute with water to volume. Transfer a portion of the solution to a
centrifuge tube, and centrifuge until a clear supernatant is obtained. Pipet 4.0 mL of this
solution into a 50-mL conical flask, and add 5 mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Tablet.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Ascorbic Acid, Method 2: Proceed as directed in Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP36)

Change to read:
• Calcium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
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2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
Delete the following:
• Calcium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Sodium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
Delete the following:
• Sodium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP36)
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 1 mg of biotin, to a 200-mL volumetric flask, add 3 mL of dimethyl sulfoxide,
and swirl to wet. Place the flask in a water bath at 60 –70 for 5 min. Sonicate for 5 min,
dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the biotin peaks. Calculate the percentage of the labeled
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amount of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: 0.1 ng/mL of USP Biotin RS in water, prepared by dilution of the
Standard stock solution with water on the day of the assay
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of biotin, to a 200-mL volumetric flask. Add 3 mL of 50% alcohol, and
swirl to wet the contents. Heat the flask in a water bath at 60 –70 for 5 min. Sonicate
for 5 min, dilute with 50% alcohol to volume, and filter. Dilute a volume of the filtrate
quantitatively, and stepwise if necessary, with water to obtain a solution with a
concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of p-
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aminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 for 15 min, and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
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of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength of 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of lowest and highest points plotted for the Standard. Subtract from
each logarithm so obtained the logarithm of the volume, in mL, of the Sample solution to
obtain the difference, X, for each dosage level. Average the values of X for each of three
or more dosage levels to obtain X, which equals the log-relative potency, M¢, of the
Sample solution. Determine the quantity, in µg, of biotin (C10 H16 N2 O3 S) in the portion of
Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in the portion of Tablets taken
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) in the portion of
Tablets taken:
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Result = [(antilog M)/N] × 100
N= nominal amount of biotin in the portion of Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15, compute
the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water. [Note—A portion of the Standard
solution will be used to determine the percent recovery of biotin from the Solid-phase
extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a concentration of 0.6 µg/mL of biotin. Add water up to
80% of the flask capacity, and sonicate for 30–40 min, with occasional mixing, to dissolve.
Dilute with water to volume, and filter. Adjust the pH of the solution with either diluted
acetic acid or 0.1 N sodium hydroxide to 6.0–7.0.
Solid-phase extraction
[Note—Condition the extraction column specified in this procedure in the following manner.
Wash the column with a 2-mL portion of methanol. Equilibrate with a 2-mL portion of
water.]
Separately pipet 5.0 mL of the Sample solution and Standard solution into freshly
conditioned solid-phase extraction columns consisting of a mixed-mode packing with a
sorbent-mass of 60 mg. [Note—The mixed-mode packing consists of anion-exchange and
reversed-phase sorbents. The reverse-phase component is a copolymer of Nvinylpyrrolidone and divinylbenzene. The anion exchange moiety is a trialkylamino group.2]
Wash the column with 10 mL of 30% (v/v) methanol in water. Apply an appropriate volume
(4.9 mL) of 30% (v/v) methanol in 0.1 N hydrochloric acid to the column. Collect the
eluate in a 5-mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in
water, and dilute with 30% (v/v) methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
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Samples: Standard solution and a portion of Standard solution that has undergone Solidphase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and the Standard solution
that has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the responses for the biotin peak. Calculate the percentage of the labeled
amount of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from Standard stock solution,
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 100 µg of cyanocobalamin, to a 250-mL flask. Quantitatively add 100.0 mL
of water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate the percentage of the
labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25% alcohol. Store in a
refrigerator.
Standard solution: Dilute a suitable volume of Standard stock solution with water to a
measured volume such that after the incubation period as described in the Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 and 0.04 ng/mL of Standard
solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powdered
Tablets, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of powdered Tablets taken, 25 mL of an aqueous extracting solution prepared just
before use to contain, in each 100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of
anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave the mixture at 121 for
10 min. Allow any undissolved particles of the extract to settle, and filter or centrifuge if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity equivalent to the nominal activity of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Biotin, Method 2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Biotin, Method 2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
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directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed in Table 2, carefully dissolving cystine and
tryptophan in the hydrochloric acid before adding the next eight solutions to the resulting
solution. Add 100 mL of water, and dissolve dextrose, sodium acetate, and ascorbic acid.
Filter, if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to
a pH of 5.5–6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave, and allow the tubes to cool in an upright position. Inoculate
three or more of the tubes by stab transfer of a pure culture of Lactobacillus leichmannii3.
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[Note—Before first using a fresh culture in this assay, make NLT 10 successive transfers
of the culture in a 2-week period.] Incubate for 16–24 h at a temperature between 30
and 40 held constant to within ±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Make a transfer of cells from the Stock culture of Lactobacillus leichmannii to two sterile
tubes containing 10 mL each of the Culture medium. Incubate these cultures for 16–24 h
at a temperature between 30 and 40 held constant to within ±0.5 . Under aseptic
conditions centrifuge the cultures, and decant the supernatant. Suspend the cells from
the culture in 5 mL of Suspension medium, and combine. Using Suspension medium, adjust
the volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read
on a suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped
with a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in400 dilution of the adjusted suspension using sterile Basal medium stock solution. The cell
suspension so obtained is the Inoculum. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.]
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test
tubes, and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
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Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating contents, read the transmittance at 530 nm when a steady
state is reached. This steady state is observed a few seconds after agitation when the
reading remains constant for 30 s or more. Allow approximately the same time interval for
the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5%, or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in the portion of Tablets taken
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P)
in the portion of Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Tablets taken (µg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Vitamin B12 Activity in
Design and Analysis of Biological Assays 111 , The Confidence Interval and Limits of
Potency). If the two determinations differ by more than 0.08, conduct one or more
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additional determinations. From the mean of two or more values of M that do not differ
by more than 0.15, compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use. [Note—The methanol and water
content may be varied (between 1% and 3%) by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation.]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of powder, equivalent
to 0.4 mg of folic acid, to a 50-mL amber-colored centrifuge tube. Add 25.0 mL of Internal
standard solution, shake by mechanical means for 10 min, and centrifuge. Filter a portion
of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of
the labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
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R=
U peak area ratio of folic acid to methylparaben from the Sample solution
R=
S peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of a mixture of
methanol and glacial acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene
glycol (1:1). Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to 0.3 mg of
folic acid, to a 125-mL stoppered flask. Add 10.0 mL of a mixture of methanol and glacial
acetic acid (9:1) and 30.0 mL of a mixture of methanol and ethylene glycol (1:1). Shake
for 15 min in a water bath maintained at 60 , and cool. Filter, discarding the first few mL
of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount
of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
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• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 15 mg of calcium pantothenate, to a centrifuge tube. Add 25.0 mL of the
Internal standard solution, and shake vigorously for 10 min. Centrifuge, filter, and use the
clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and the internal standard.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Sample solution
R=
S peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume, to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
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with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in the Analysis,
2.0 and 4.0 mL of the Standard solution being used, are within the linear portion of the
log-concentration response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 50 mg of calcium pantothenate, to a 1000-mL volumetric flask containing
500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1
in 60), dilute with water to volume, and filter. Dilute a volume of this solution to obtain a
solution with approximately the same concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a cool place at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
Cystine–tryptophan solution
Polysorbate 80 solution
Dextrose, anhydrous
Sodium acetate, anhydrous

25 mL
25 mL
0.25 mL
10 g
5g
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Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar; and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes, using a pure culture of
Lactobacillus plantarum4 incubating for 16–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]
Make a transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Place the container in a
spectrophotometer that has been set at a specific wavelength between 540 and 660 nm,
and read the transmittance when a steady state is reached. This steady state is
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observed a few seconds after agitation when the galvanometer reading remains constant
for 30 s or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances for each
level of the Sample solution (SU). Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in mg, of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion
of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in the portion of Tablets
taken
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Tablets taken (mg)
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
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fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric flask. Add 10 mL of
methanol, and swirl the flask to disperse. Dilute with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride, riboflavin,
and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent, and mix
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using a vortex mixer for 30 s to completely suspend the powder. Immerse the centrifuge
tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a vortex mixer
for 30 s. Return the tube to the hot water bath, heat for another 5 min, and mix on a
vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature, and use
the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
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C=
S concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to 2 mg of riboflavin, to a
200-mL volumetric flask. If riboflavin is not present in the formulation, transfer a portion of
the powder equivalent to 2 mg of pyridoxine. If pyridoxine is not present in the
formulation, transfer a portion of the powder equivalent to 20 mg of niacin or niacinamide.
Add 100.0 mL of Extraction solvent, and mix for 20 min, using a wrist-action shaker.
Immerse the flask in a water bath maintained at 70 –75 , and heat for 20 min. Mix on a
vortex mixer for 30 s, cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
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Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A, Extraction solvent, Mobile phase, Standard stock solution, Standard
solution, Sample solution, Chromatographic system, and System suitability: Using
USP Niacinamide RS in place of USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount
of niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
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System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine. Calculate the percentage of the labeled amount
of pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Sample solution: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
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rS= peak area from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powdered
Tablets with a volume of 0.2 N hydrochloric acid to obtain a concentration of 0.02 mg/mL
of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min.
Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
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CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in the Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to 7.5 mg of niacin or niacinamide, 1.2 mg of pyridoxine hydrochloride,
0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a stoppered 125-mL flask.
Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2.0 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the peaks. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
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C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

CONTAMINANTS
• Microbial Enumeration Tests—Nutritional and Dietary Supplements 2021 : The total
aerobic microbial count does not exceed 3 × 103 cfu/g, and the combined molds and
yeasts count does not exceed 3 × 102 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms—Nutritional and
Dietary Supplements 2022 : Meet the requirements of the tests for absence of
Salmonella species, Escherichia coli, and Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins Tablets. The label
also states the quantity of each vitamin in terms of metric units per dosage unit, and
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where necessary, the salt form in which it is present. Where more than one assay method
is given for a particular vitamin, the labeling states which assay method is used only if
Method 1 is not used.
• USP Reference Standards 11
USP Biotin RS
USP Calcium Pantothenate RS
USP Cyanocobalamin RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Riboflavin RS
USP Thiamine Hydrochloride RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters, Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii (listed as Lactobacillus delbrueckii) may be obtained as No. 7830
from ATC C , 10801 University Blvd., Manassas, VA 20110-2209 (www.atcc.org).
4 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.

BRIEFING
Water-Soluble Vitamins with Minerals Capsules, USP 35 page 1616. On the basis of
comments received from the General Chapters—Chemical Analysis Expert Committee, it is
proposed to eliminate Ascorbic Acid, Method 2; Calcium Ascorbate, Method 2; Sodium
Ascorbate, Method 2; and Iodide, Method 2 because the procedures described in Automated
Methods of Analysis 16 are considered outdated. Interested parties are encouraged to
submit comments on the proposed deletions and modern alternative analytical procedures for
high throughput analysis of these components.
(DS: N. Davydova.)
Correspondence Number—C119411

Comment deadline: November 30, 2012
Water-Soluble Vitamins with Minerals Capsules
DEFINITION
Water-Soluble Vitamins with Minerals Capsules contain one or more of the following watersoluble vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate,
Biotin, Cyanocobalamin, Folic Acid, Dexpanthenol or Panthenol, Pantothenic Acid (as Calcium
Pantothenate or Racemic Calcium Pantothenate), Niacin or Niacinamide, Pyridoxine
Hydrochloride, Riboflavin, and Thiamine Hydrochloride or Thiamine Mononitrate; and one mineral
or more, furnishing one or more of the following elements in ionizable form: boron, calcium,
chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum, nickel,
phosphorus, potassium, selenium, tin, vanadium, and zinc, derived from substances generally
recognized as safe. Capsules contain NLT 90.0% and NMT 150.0% of the labeled quantities of
ascorbic acid (C6 H8 O6 ) or its salts as calcium ascorbate (C12 H14 CaO12 ·2H2 O) or sodium
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ascorbate (C6 H7 NaO6 ), biotin (C10 H16 N2 O3 S), cyanocobalamin (C63 H88 CoN14 O14 P), folic acid
(C19 H19 N7 O6 ), dexpanthenol (C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), calcium pantothenate
(C18 H32 CaN2 O10 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine
hydrochloride or thiamine mononitrate; NLT 90.0% and NMT 125.0% of the labeled quantities of
calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P),
potassium (K), and zinc (Zn); and NLT 90.0% and NMT 160.0% of the labeled quantities of
boron (B), chromium (Cr), fluorine (F), iodine (I), molybdenum (Mo), nickel (Ni), selenium (Se),
tin (Sn), and vanadium (V).
They do not contain any form of Beta Carotene or Vitamin A, D, E, or K. They may contain
other labeled added substances that are generally recognized as safe, in quantities that are
unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
Change to read:
• Ascorbic Acid, Method 1
2S (USP36)

Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight/Capsule. Transfer a portion
of the Capsule contents, equivalent to a nominal amount of 100 mg of ascorbic acid, to a
200-mL volumetric flask, and add 75 mL of metaphosphoric–acetic acids TS. Insert a
stopper into the flask, and shake by mechanical means for 30 min. Dilute with water to
volume. Transfer a portion of the solution to a centrifuge tube, and centrifuge until a clear
supernatant is obtained. Pipet 4.0 mL of this solution into a 50-mL conical flask, and add 5
mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Capsule.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Ascorbic Acid, Method 2: Proceed as directed in Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
2S (USP36)

Change to read:
• Calcium Ascorbate:, Method 1
2S (USP36)
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Proceed as directed in Ascorbic Acid., Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
Delete the following:
• Calcium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Sodium Ascorbate:, Method 1
2S (USP36)

Proceed as directed in Ascorbic Acid., Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
Delete the following:
• Sodium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP36)
Change to read:
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution with water
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule”. Transfer a portion of the Capsule
contents equivalent to a nominal amount of 1 mg of biotin to a 200-mL volumetric flask.
Add 3 mL of dimethyl sulfoxide, and swirl to wet the contents. Place the flask in a water
bath at 60 –70 for 5 min. Sonicate for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the biotin peaks. Calculate the percentage of the labeled
amount of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: On the day of the assay, dilute the Standard stock solution with water
to a concentration of 0.1 ng/mL of USP Biotin RS.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule”. Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 100 µg of biotin, to a 200-mL volumetric
flask. Add 3 mL of 50% alcohol, and swirl to wet the contents. Heat the flask in a water
bath at 60 –70 for 5 min. Sonicate for 5 min, dilute with diluted alcohol to volume, and
filter. Dilute a volume of the filtrate quantitatively, and stepwise if necessary, with water
to obtain a solution with a concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a refrigerator
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in 1.0 g of l-tryptophan (or 2.0
g of d,l-tryptophan) in 700–800 mL of water. Heat to 70 –80 , and add dilute hydrochloric
acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a refrigerator at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
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dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light,
and in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: 25 g of monobasic potassium phosphate and 25 g of dibasic potassium
phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store under
toluene.
Salt solution B: 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of ferrous
sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to test tubes, close or cover the tubes, sterilize in
an autoclave at 121 , and allow the tubes to cool in an upright position. Prepare stab
cultures in three or more of the tubes, using a pure culture of Lactobacillus plantarum,1
incubating for 16–24 h at a temperature between 30 and 37 held constant to within
±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every week, and
do not use for Inoculum if the culture is more than 1 week old.
Culture medium: Add 0.5 ng of biotin in 5.0 mL of water to each tube containing 5.0 mL
of Basal medium stock solution. Plug the tubes with cotton, sterilize in an autoclave at
121 , and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
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transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis: To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0,
and 5.0 mL of the Standard solution. To each tube and to four similar empty tubes add
5.0 mL of Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of
2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution/tube on the
abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range
of lowest and highest points plotted for the Standard. Subtract from each logarithm so
obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution. Determine the quantity, in µg, of USP Biotin RS corresponding to the biotin in
each mg of the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
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R= number of µg of biotin assumed to be present in each mg of the portion of the
Capsules taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
Change to read:
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from Standard stock solution
diluted with water
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule.” Transfer a portion of the Capsule
contents equivalent to 100 µg of cyanocobalamin to a 250-mL flask. Add 100.0 mL of
water, and carefully extract for 2 min. Filter 10 mL of the extract, and use the clear
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
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Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard cyanocobalamin stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25%
alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of Standard cyanocobalamin stock solution
with water to a measured volume such that after the incubation period as described in the
Analysis, the difference in transmittance between the inoculated blank and the 5.0-mL
level of the Standard solution is NLT that which corresponds to a difference of 1.25 mg in
dried cell weight. This concentration usually falls between 0.01 and 0.04 ng/mL of the
Standard solution. Prepare this solution fresh for each assay.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1,
2S (USP36)

through “calculate the average net weight/Capsule.” Transfer a portion of the Capsule
contents, equivalent to 1.0 µg of cyanocobalamin, to an appropriate vessel containing, for
each g of Capsule contents taken, 25 mL of an aqueous extracting solution prepared just
before use to contain 12.9 mg/mL of dibasic sodium phosphate, 11.0 mg/mL of anhydrous
citric acid, and 10 mg/mL of sodium metabisulfite. Autoclave the mixture at 121 for 10
min. Allow any undissolved particles of the extract to settle, and filter or centrifuge, if
necessary. Dilute an aliquot of the clear solution with water to obtain a final solution
containing vitamin B12 activity approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method
2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method
2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL. Add 2 drops of
hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N glacial acetic acid to make 400 mL. Store under toluene,
protected from light, in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store protected from light in a refrigerator.
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Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed according to Table 2, carefully dissolving cystine
and tryptophan in the hydrochloric acid before adding the next eight solutions in the
resulting solution. Add 100 mL of water, and dissolve the dextrose, sodium acetate, and
ascorbic acid. Filter if necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium
hydroxide to a pH of between 5.5 and 6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant, and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat if necessary
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath with stirring until the agar dissolves. Place
10-mL portions of the hot solution in test tubes, cover the tubes, sterilize at 121 for 15
min in an autoclave (exhaust line temperature), and allow the tubes to cool in an upright
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position. Inoculate three or more of the tubes by stab transfer of a pure culture of
Lactobacillus leichmannii.2 [Note—Before first using a fresh culture in this assay, make
NLT 10 successive transfers of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
containing 10 mL of the Culture medium each. Incubate these cultures for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Under aseptic conditions
centrifuge the cultures, and decant the supernatant. Suspend the cells from the culture in
5 mL of sterile Suspension medium, and combine. Using sterile Suspension medium, adjust
the volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read
on a suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped
with a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in400 dilution of the adjusted suspension using Basal medium stock solution. The cell
suspension so obtained is the Inoculum. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.]
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
Analysis: Because of the high sensitivity of the test organism to minute amounts of
vitamin B12 activity and to traces of many cleansing agents, cleanse meticulously by
suitable means, followed preferably by heating at 250 for 2 h using hard-glass 20-mm ×
150-mm test tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
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containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating contents, place the container in a spectrophotometer that
has been set at a wavelength of 530 nm, and read the transmittance when a steady
state is reached. This steady state is observed a few seconds after agitation when the
reading remains constant for 30 s or more. Allow approximately the same time interval for
the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range
of the lowest and highest points plotted for the Standard. Subtract from each logarithm
so obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution.
Determine the quantity, in µg, of USP Cyanocobalamin RS corresponding to the
cyanocobalamin in each mg of the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in each mg of the portion of
the Capsules taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
Change to read:
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• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation. [Note—The
methanol and water content may be varied (between 1% and 3%).]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule.” Transfer an amount of Capsule
contents to a suitable centrifuge tube, and add a volume of Internal standard solution to
obtain a nominal concentration of 0.016 mg/mL of folic acid. Shake by mechanical means
for 10 min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and
1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of folic acid to methylparaben from the Sample solution
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RS= peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of folic acid in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
Change to read:
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of methanol and
35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule.” Transfer a portion of the Capsule
contents equivalent to a nominal amount of 0.3 mg of folic acid to a 125-mL stoppered
flask. Add 10.0 mL of methanol and 35.0 mL of Reagent. Shake for 15 min in a water bath
maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of folic acid from the Sample solution
rS= peak area of folic acid from the Standard solution
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C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Dexpanthenol or Panthenol
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS in water. Store in a
refrigerator protected from light, and use within 30 days.
Standard solution: On the day of the assay, prepare a dilution of 1.2 µg/mL of
dexpanthenol from Standard stock solution diluted with water.
Sample solution: Weigh NLT 30 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents as completely as possible to a
beaker. Remove any contents adhering to the empty Capsule shells by washing with
several portions of ether. Discard the washings, and dry the Capsule shells with the aid of
a current of dry air until the odor of ether is no longer perceptible. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the average net weight/Capsule.
Dissolve a portion of the Capsule contents, nominally equivalent to 1.2 mg of
dexpanthenol or 2.4 mg of panthenol, in 100.0 mL of water. Quantitatively dilute a portion
of this solution with water to obtain a nominal concentration of 1.2 µg/mL of dexpanthenol
or 2.4 µg/mL of panthenol.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a cool place at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine and 1.0 g of l-tryptophan (or
2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add hydrochloric
acid solution (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute
with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool.
Dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in neutral
25% alcohol. Store in a refrigerator.
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Salt solution A: 50 mg/mL of monobasic potassium phosphate and 50 mg/mL of dibasic
potassium phosphate in water. Add 10 drops of hydrochloric acid/L of solution. Store
under toluene.
Salt solution B: 20 mg/mL of magnesium sulfate, 1 mg/mL of sodium chloride, 1 mg/mL of
ferrous sulfate, and 1 mg/mL of manganese sulfate in water. Add 10 drops of hydrochloric
acid/L of the solution. Store under toluene.
Pyridoxal–calcium pantothenate solution: 200 µg/mL of pyridoxal hydrochloride and
1.875 µg/mL of calcium pantothenate in 10% alcohol. Store in a refrigerator, and use
within 30 days.
Polysorbate 40–oleic acid solution: 50 mg/mL of polysorbate 40 and 0.5 mg/mL of oleic
acid in 20% alcohol. Store in a refrigerator, and use within 30 days.
Modified pantothenate medium: Dissolve anhydrous dextrose and sodium acetate in the
solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Finally, dilute with water to 250 mL.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed for the Modified
pantothenate medium, but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH of 6.5–6.6, and dilute with water to 1000 mL. Add 10mL portions of the solution to culture tubes, place caps on the tubes, and sterilize in an
autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator. Prepare a stock
culture of Pediococcus acidilactici3 on a slant of this medium. Incubate at 35 for 20–24 h,
and store in a refrigerator. Maintain the stock culture by monthly transfer onto fresh
slants.
Inoculum: Inoculate three 250-mL portions of Modified pantothenate medium from a stock
culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with Modified pantothenate medium. Resuspend
the cells in sufficient Modified pantothenate medium so that a 1-in-50 dilution, when
tested in a 13-mm diameter test tube, gives 80% light transmission at 530 nm. Transfer
1.2-mL portions of this stock suspension to glass ampuls, seal, freeze in liquid nitrogen,
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and store in a freezer. On the day of the assay, allow the ampuls to reach room
temperature, mix the contents, and dilute 1 mL of thawed culture with sterile saline TS to
150 mL. [Note—This dilution may be altered when necessary to obtain the desired test
response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes, and in the same order, add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of Double-strength modified pantothenate medium to each tube. Cover the
tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to room
temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the Inoculum.
Allow to incubate at 37 for 16 h. Terminate growth by heating to a temperature NLT 80 ,
such as by steaming at atmospheric pressure in a sterilizer for 5–10 min. Cool, and
determine the percentage transmittance of the suspensions, in cells of equal pathlength
on a suitable spectrophotometer at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percentage of transmittance, for each set of tubes of the standard
curve against the Standard level concentrations. The curve is drawn by connecting
each adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency, in terms of dexpanthenol, of each tube containing portions of
the Sample solution. Divide the potency of each tube by the amount of the Sample
solution added to it, to obtain the individual responses. Calculate the mean response by
averaging the individual responses that vary from their mean by NMT 15%, using NLT
half the total number of tubes. Calculate the potency of the portion of the material
taken for assay, in terms of dexpanthenol, by multiplying the mean response by the
appropriate dilution factor.
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol (C9 H19 NO4 ) or
panthenol (C9 H19 NO4 )
Change to read:
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule.” Transfer the equivalent to 0.6 mg/mL
of calcium pantothenate, from mixed Capsule contents, in Internal standard solution, and
shake vigorously for 10 min. Centrifuge, filter, and use the clear filtrate.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and the internal standard.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Capsules taken:
Result = (RU/RS) × (CS/CU) × 100
RU= peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
RS= peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide while protected from absorption of
moisture during the weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL
of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with
water to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS.
Store under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed for Analysis, 2.0–
4.0 mL of the Standard solution being used, are within the linear portion of the logconcentration response curve.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule.” Transfer a portion of the Capsule
contents equivalent to a nominal amount of 50 mg of calcium pantothenate to a 1000-mL
volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of
sodium acetate solution (16.66 mg/mL), dilute with water to volume, and filter. Dilute a
volume of this solution to obtain a solution with approximately the same concentration as
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that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine and 1.0 g of l-tryptophan (or
2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and
dilute with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10
.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under toluene
protected from light in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 4, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 4
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
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g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 , and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 , and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis: To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0,
and 5.0 mL of the Standard solution. To each tube and to four similar empty tubes add
5.0 mL of Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool. Add 1 drop of Inoculum to each tube, except two of the four tubes
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Place the container in a
spectrophotometer that has been set at a specific wavelength between 540 and 660 nm,
and read the transmittance when a steady state is reached. This steady state is
observed a few seconds after agitation when the galvanometer reading remains constant
for 30 s or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution/tube on the
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abscissa, using for the ordinate either an arithmetic or a logarithmic scale, whichever
gives the better approximation to a straight line. Draw the straight line or smooth curve
that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range
of the lowest and highest points plotted for the Standard. Subtract from each logarithm
so obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution. Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding
to the calcium pantothenate in each mg of the portion of Capsules taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in each mg of the
portion of the Capsules taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Calcium Pantothenate, Method 3
Buffer solution: Dissolve 10.0 g of monobasic potassium phosphate in 2000 mL of water,
and adjust with phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from the Standard stock
solution diluted with water
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule.” Transfer a portion of the Capsule
contents, equivalent to 10 mg of calcium pantothenate, to a 250-mL volumetric flask. Add
10 mL of methanol, and swirl the flask to disperse the Capsules' contents. Dilute with
water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
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Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing Niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule.” Transfer a portion of the Capsule
contents, equivalent to 10 mg of niacinamide and 2.5 mg each of pyridoxine hydrochloride,
riboflavin, and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0 mL of Diluent,
and mix using a vortex mixer for 30 s to completely suspend the powder. Immerse the
centrifuge tube in a hot water bath maintained at 65 –70 , heat for 5 min, and mix on a
vortex mixer for 30 s. Return the tube to the hot water bath, heat for another 5 min, and
mix on a vortex mixer for 30 s. Filter a portion of the solution, cool to room temperature,
and use the clear filtrate. [Note—Use the filtrate within 3 h of filtration.]
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 280 nm

621 , System Suitability.)
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Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
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CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O),
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask.
Dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine hydrochloride, and riboflavin, when present in the formulation.]
Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules, without loss of
shell material, and transfer the contents to a beaker. Remove any contents adhering to
the shells by washing with several portions of ether. Discard the washings, and dry the
Capsule shells with the aid of a current of dry air. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the net weight of the Capsule contents. Transfer a
portion of the Capsule contents, equivalent to 0.02 mg/mL of riboflavin. If riboflavin is not
present in the formulation, use a portion equivalent to 0.02 mg/mL of pyridoxine. If
pyridoxine is not present in the formulation, use a portion equivalent to 0.2 mg/mL of
niacin or niacinamide in Extraction solvent, and mix for 20 min using a wrist-action shaker.
Immerse the flask in a water bath maintained at 70 –75 , and heat for 20 min. Mix on a
vortex mixer for 30 s, cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas for niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, Standard stock solution, Standard solution,
Sample solution, and Chromatographic system: Using USP Niacinamide RS in place of
USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount
of niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent and Mobile phase: Prepare as directed in Niacin, Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: 20 µg/mL of USP Pyrodoxine Hydrochloride RS from Standard stock
solution diluted with Extraction solvent
Sample solution: Prepare as directed in Niacin, Method 2.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 mg/mL of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Sample solution: Prepare as directed in Niacin, Method 2.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
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C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
Change to read:
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule.” Mix a portion of the Capsule contents
with a volume of 0.2 N hydrochloric acid to obtain a nominal concentration of 0.02 mg/mL
of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30 min.
Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
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rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
Change to read:
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Proceed as directed in Ascorbic Acid, Method 1
2S (USP36)

through “calculate the average net weight/Capsule.” Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 7.5 mg of niacin or niacinamide, 1.2 mg of
pyridoxine hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a
stoppered 125-mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid
(9:1), and 30.0 mL of a mixture of methanol and ethylene glycol (1:1). Insert the stopper,
shake for 15 min in a water bath maintained at 60 , and cool. Filter, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Measure the areas of the peak responses. Calculate the percentage of the labeled amount
of niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding analyte from the Sample solution
rS= peak area of the corresponding analyte from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) (for products
containing thiamine hydrochloride) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding analyte from the Sample solution
rS= peak area of the corresponding analyte from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding analyte in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O) or
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamin hydrochloride (C12 H17 ClN4 OS) or thiamin mononitrate (C12 H17 N5 O4 S).
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a Standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample
solution may be diluted quantitatively with the solvent specified, if necessary, to yield
solutions of suitable concentrations adaptable to the linear or working range of the
instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate
previously dried at 300 for 3 h and cooled in a desiccator for 2 h in 25 mL of 1 N
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hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Polysorbate 80 solution: Dilute polysorbate 80 with alcohol (1 in 10).
Sample solution: Transfer 5 Capsules to a 100-mL volumetric flask. [Note—For hard
gelatin Capsules, weigh NLT 20 Capsules. Open the Capsules, without loss of shell
material, and transfer the contents to a suitable container. Remove any contents adhering
to the empty shells by washing with several portions of ether. Discard the washings, and
allow the Capsule shells to dry. Weigh the empty Capsule shells, calculate the net weight
of the Capsule contents, and transfer a portion of the Capsule contents, equivalent to 5
Capsules, to a 100-mL volumetric flask.] Add 15 mL of water, 10 mL of 6 N hydrochloric
acid, and 1 mL of Polysorbate 80 solution to the flask. Heat on a hot plate or steam bath,
with intermittent swirling, until the Capsules are completely disintegrated or the contents
are dissolved. Boil gently for an additional 15 min. Cool, dilute with water to volume, and
filter, discarding the first 5 mL of the filtrate. Dilute this solution with 0.125 N hydrochloric
acid to obtain a concentration of 2 µg/mL of calcium, adding 1 mL of Lanthanum chloride
solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of calcium, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
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with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Chromium emission line at 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of
Capsules taken:
Result = (C/CU) ×100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid, and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from Copper standard solution diluted with
0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene

851 .)
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Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: 408 mg/mL of sodium acetate in water. Adjust with a few
drops of acetic acid to a pH of 7.0. [Note—Dissolve in a portion of water, and allow the
solution to equilibrate to room temperature, then dilute with water to volume, and adjust
the pH.]
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator in water
Intermediate stock solution A: 100 µg/mL of fluoride from Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from Fluoride standard stock solution
diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the mixed Capsule
contents, equivalent to 200 mg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1
N hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium
citrate solution. Dilute with water to volume.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution, with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ion-
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indicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
the potential, in mV. From the standard response curve and the measured potential of the
Sample solution, determine the concentration, C, in µg/mL, of fluoride in the Sample
solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
[Note—Condition the solid-phase extraction column specified for use in the Standard solution
and the Sample solution in the following manner. Using a vacuum at a pressure not
exceeding 5 mm of mercury, wash the column with 1 column volume of methanol followed
by 1 column volume of pH 10.0 buffer. Do not allow the column top to dry. If the top of
the column becomes dry, recondition the column.]
Standard solution: Transfer 10.0 mL of the Standard stock solution to a 100-mL
volumetric flask. Add 75 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.4 ± 0.1. Dilute with water to volume. Filter, discarding the first 15 mL of the filtrate.
Transfer 25.0 mL of the filtrate to a 50-mL volumetric flask. Add 15.0 mL of water, and
adjust with 0.1 N sodium hydroxide to a pH of 10.0. Dilute with pH 10.0 buffer to volume.
Elute a portion of this solution through a 3-mL, solid-phase extraction column containing
L1 packing that is connected through an adaptor to a second solid-phase extraction
column containing sulfonylpropyl strong cation-exchange packing. Discard the first 3 mL of
the eluate, and collect the rest of the eluate in a suitable flask for injection into the
chromatograph.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without loss of shell material, and transfer the contents to a 100-mL container. If
necessary, remove any contents adhering to the empty shells by washing with several
portions of ether. Discard the washings, and dry the Capsule shells with the aid of a
current of dry air. Weigh the empty Capsule shells in the tared weighing bottle, and
calculate the net weight of the Capsule contents. Transfer a portion of the Capsule
contents, equivalent to a nominal amount of 1 mg of fluorine, to a 100-mL volumetric
flask. Add 15 mL of water, and shake vigorously. Rinse the sides of the flask with 15 mL of
water, and allow to stand for 10 min. Dilute with water to 85 mL, adjust with 1 N sodium
hydroxide to a pH of 10.4 ± 0.1, and dilute with water to 100 mL. Proceed as directed for
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the Standard solution beginning with “Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity detector
Guard column: 4.6-mm × 3-cm; packing L17
Analytical column: 7.8-mm × 30-cm; packing L17
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
Change to read:
• Iodide, Method 1
2S (USP36)

Bromine water: Bromine and water (1:5). Shake. Allow to stand for 30 min, and use the
supernatant.
Analysis: Remove the contents of Capsules by cutting open the Capsules. Mix, and
determine the weight of the contents. Transfer a quantity of the contents, equivalent to
3 mg of iodine, to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v)
sodium hydroxide solution, and 10 mL of alcohol, taking care that the entire specimen is
moistened. Heat the crucible on a steam bath to evaporate the alcohol, and then dry the
crucible at 100 for 30 min to prevent spattering upon subsequent heating. Transfer the
crucible with its contents to a furnace heated to 500 , and heat the crucible for 15 min.
[Note—Heating at 500 is necessary to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure complete carbonization of all organic
matter.]
Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and boil
gently for 10 min. Filter the solution, and wash the crucible with boiling water collecting
the filtrate and washings in a beaker. Add phosphoric acid until the solution is neutral to
methyl orange, and then add 1 mL excess of phosphoric acid. Add excess of Bromine
water, and boil the solution gently until colorless, and then for 5 min longer. Add a few
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crystals of salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid and
0.5 g of potassium iodide, and titrate the liberated iodine with 0.005 N sodium thiosulfate
VS, adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Capsules
taken:
Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA = actual normality of the sodium thiosulfate solution used (meq/mL)
F = correction factor to convert mg to µg, 1000 µg/mg
Ime= milliequivalent of I, 21.16 mg/meq
Aw= average weight of the Capsules' contents
W = weight of the sample of Capsules' contents taken
L = labeled amount of iodine (µg/Capsule)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
Delete the following:
• Iodide, Method 2: Proceed as directed in Automated Methods of Analysis 16 , Assay for
Iodide.
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I) 2S (USP36)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1 except prepare the Sample
solution to contain a nominal concentration of 5 µg/mL of iron and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Capsules
taken:
Result = (C/CU) × 100
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C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
Magnesium standard solution: 1000 µg/mL of magnesium from magnesium ribbon in 6 N
hydrochloric acid and water (1:19)
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line at 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: 1000 µg/mL of manganese in 6 N hydrochloric acid
and nitric acid (49:1). [Note—Dissolve the manganese in nitric acid, and dilute with 6 N
hydrochloric acid to final volume.]
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
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and 2.0 µg/mL of manganese.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of manganese and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line at 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from Molybdenum standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min. Cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except take a number of
Capsules or a portion of Capsule contents nominally equivalent to 1000 µg of molybdenum
and make appropriate dilutions to obtain a final concentration of 10 µg/mL of molybdenum,
omitting the addition of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode

851 .)
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Flame: Nitrous oxide–acetylene
Analytical wavelength: Molybdenum emission line at 313.3 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: 400 mg/mL of stannous chloride in 6.5 N hydrochloric
acid solution and water (1:4). [Note—Dissolve first in 6.5 N hydrochloric acid, and heat
the solution until the stannous chloride is dissolved. Then dilute with water to volume.]
Diluted stannous chloride solution: 20% Stannous chloride solution and water (1:24).
Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum from ammonium molybdate in water
Sample: Remove the contents of a counted number of Capsules by cutting open the
Capsules. Mix, and determine the weight of the contents. Transfer a quantity of the
Capsule contents, equivalent to a nominal amount of 40 mg of molybdenum, to a 200-mL
beaker.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Cell: 1-cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample

851 .)

Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
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and add more water to make 50 mL in each beaker. Gently boil the water solution for a
few min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnel for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layers from each separatory funnel to a
centrifuge tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the
organic phases obtained from the Standard solution and the Sample, and correct with the
Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the Sample
AS= absorbance of the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5:100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, and then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
nominally equivalent to 100 mg of phosphorus in 25 mL of nitric acid, and digest on a hot
plate for 30 min. Add 15 mL of hydrochloric acid, and continue the digestion to the
cessation of brown fumes. Cool, and transfer the contents of the flask to a 500-mL
volumetric flask with the aid of small portions of water. Dilute with water to volume.
Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and dilute with water to
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volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Cell: 1-cm
Analytical wavelength: 650 nm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions against
the Blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Capsules taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from Potassium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of potassium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Potassium emission line at 766.5 nm
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
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Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness. Add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from Selenium standard solution diluted
with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions containing 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents,
equivalent to 1000 µg of selenium in 12 mL of nitric acid. [Note—The volume of nitric acid
may be varied to ensure that the powder is uniformly dispersed.]
Carefully swirl the flask to disperse the sample specimen. Sonicate for 10 min or until the
sample specimen is completely dissolved. Gently boil the solution for 15 min, and cool to
room temperature. Carefully add 8 mL of perchloric acid to the flask, heat the flask until
perchloric acid fumes appear, and swirl the flask to dissipate the fumes. Repeat the
heating and swirling until the fumes appear again. Cool to room temperature. Transfer the
contents of the flask to a 50-mL volumetric flask with the aid of the Diluent, and dilute
with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Selenium emission line at 196.0 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
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Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (C/CU) × 100
C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, add hydroxylamine
hydrochloride, then dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochoric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid, to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10.0 mL of Standard stock solution to a glass stoppered flask.
Add 1 mL of perchloric acid, and 1 mL of Hydrochloric acid solution, and dilute with water
to 20 mL
Sample solution: Remove the contents of Capsules by cutting open the Capsules. Mix,
and determine the weight of the contents. Transfer a quantity of the Capsule contents
equivalent to a nominal amount of 20 µg of selenium to a suitable flask. Add 10 mL of
nitric acid, and warm gently on a hot plate. Continue heating until the initial nitric acid
reaction has subsided, then add 3 mL of perchloric acid. [Caution—Exercise care at this
stage because perchloric acid reaction becomes vigorous.] Continue heating on the hot
plate until the appearance of white fumes of perchloric acid or until the digest begins to
darken. Add 0.5 mL of nitric acid, and resume heating adding additional amounts of nitric
acid if further darkening occurs. Digest for 10 min after the first appearance of perchloric
acid fumes or until the digest becomes colorless. Cool the flask. Add 2.5 mL of
Hydrochloric acid solution, and return the flask to the hot plate to expel residual nitric
acid. Heat the mixture for 3 min after it begins to boil. Cool the flask to room temperature,
and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)
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Mode: UV
Cell: 1-cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, the Standard solution, and the Blank as follows. Add 5 mL of
Reagent A to each flask, and swirl gently to mix. Adjust the solution in each flask with
50% Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each
flask, and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and
equilibrate for 30 min, taking care that the flasks are covered to protect them from light.
Cool to room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions obtained from the Samples against the
solution obtained from the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of
Capsules taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the cyclohexane layer from the Sample solution
AS= absorbance of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (mg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M hydrochloric
acid (3.89 mg/mL), and diluted with water to final volume. [Note—Dissolve in 5 M
hydrochloric acid by warming, if necessary, cool, and then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard solution diluted with 0.125
N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of Standard stock solution to
separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Polysorbate 80 solution: Prepare as directed in Calcium, Method 1.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of zinc and omit the use of the Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene

851 .)
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Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Capsules
taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding one
volume of Stock aqua regia solution to two volumes of water. Dilute with additional water
to volume, and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution, 1000 mg/L of scandium in 5% (v/v) nitric acid solution, and Diluent
(1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% (v/v) nitric acid solution to obtain a solution with final concentrations of about 1000
mg/L of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L
of manganese, 800 mg/L of phosphorus, and 250 mg/L of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is only necessary to
include the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v) hydrochloric acid solution, pipet
the appropriate amount of element standard solution into a volumetric flask, and dilute
with 20% (v/v) hydrochloric acid solution to obtain a solution with final concentrations of
about 200 mg/L of boron, and 100 mg/L each of chromium, molybdenum, nickel, selenium,
tin, and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2 as required, in Diluent, to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution: Weigh, then transfer 5 Capsules to a 250-mL volumetric flask, and heat
gently on a hot plate until the contents begin to release. Cautiously add 25 mL of Stock
aqua regia solution in 5-mL increments, and swirl. Heat, continue to swirl until the
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Capsules dissolve into the acid, immediately remove from the heat source, and add 150 mL
of water. Cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube,
using a 5-µm pore size nylon syringe filter. If necessary, make any further adjustments
using Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma spectrometry, using a spectrometer, set to measure
the emission of each mineral of interest at about the corresponding wavelength. [Note
—The operating conditions may be developed and optimized based on the
manufacturer's recommendation. The wavelengths selected should be demonstrated
experimentally to provide sufficient specificity, sensitivity, linearity, accuracy, and
precision.]
System suitability
Sample: System suitability solution
[Note—Analyze the System suitability solution and obtain the response as directed for
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using the Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution. Calculate the percentage of the labeled amount for each mineral:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Capsule weight (mg)
L = labeled amount of the relevant element/Capsule (mg/Capsule)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),
iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), potassium (K), and zinc
(Zn); and 90.0%–160.0% of the labeled amounts of boron (B), chromium (Cr), fluorine (F),
iodine (I), molybdenum (Mo), nickel (Ni), selenium (Se), tin (Sn), and vanadium (V)
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements, Dissolution 2040 : Meet the
requirements for Dissolution
• Weight Variation of Dietary Supplements
SPECIFIC TESTS

2091 : Meet the requirements
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• Microbial Enumeration Tests—Nutritional and Dietary Supplements 2021 : The total
aerobic microbial count does not exceed 3 × 103 cfu/g, and the combined molds and
yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms—Nutritional and Dietary Supplements 2022 :
Meet the requirements of the tests for absence of Salmonella species, Eshcerichia coli,
and Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins with Minerals
Capsules. The label also states the quantity of each vitamin and mineral in terms of metric
units per dosage unit and where necessary the chemical form in which a vitamin is present
and also states the salt form of the mineral used as the source of each element. Where
more than one assay method is given for a particular vitamin or mineral, the labeling states
with which assay method the product complies only if Method 1 is not used.
• USP Reference Standards 11
USP Biotin RS
USP Calcium Pantothenate RS
USP Cyanocobalamin RS
USP Dexpanthenol RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Riboflavin RS
USP Sodium Fluoride RS
USP Thiamine Hydrochloride RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 Pure cultures of Lactobacillus leichmannii may be obtained as No. 7830 from ATC C , 10801 University Blvd.,
Manassas, VA 20110-2209.
3 ATC C No. 8042 is suitable.

BRIEFING
Water-Soluble Vitamins with Minerals Oral Solution, USP 35 page 1635. On the basis of
comments received from the General Chapters—Chemical Analysis Expert Committee, it is
proposed to eliminate Iodide, Method 2 because the procedure described in Automated
Methods of Analysis 16 is considered outdated. Interested parties are encouraged to
submit comments on the proposed deletion and modern alternative analytical procedures for
high throughput analysis of this component.
(DS: N. Davydova.)
Correspondence Number—C119412

Comment deadline: November 30, 2012
Water-Soluble Vitamins with Minerals Oral Solution
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DEFINITION
Water-Soluble Vitamins with Minerals Oral Solution contains one or more of the following watersoluble vitamins: Cyanocobalamin, Niacin or Niacinamide, Dexpanthenol or Panthenol,
Pantothenic Acid (as Calcium Pantothenate or Racemic Calcium Pantothenate), Pyridoxine
Hydrochloride, Riboflavin or Riboflavin-5¢-Phosphate Sodium, and Thiamine Hydrochloride or
Thiamine Mononitrate; and one or more minerals derived from substances generally recognized
as safe, furnishing one or more of the following elements in ionizable form: iodine, iron,
magnesium, manganese, and zinc. It contains NLT 90.0% and NMT 450.0% of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P); NLT 90.0% and NMT 250.0% of the labeled
amount of thiamine (C12 H17 ClN4 OS) as thiamine hydrochloride or thiamine mononitrate; NLT
90.0% and NMT 150.0% of the labeled amounts of calcium pantothenate (C18 H32 CaN2 O10 ),
dexpanthenol (C9 H19 NO4 ) or panthenol (C9 H19 NO4 ), niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), and riboflavin (C17 H20 N4 O6 ) or riboflavin5¢-phosphate sodium (C17 H20 N4 NaO9 P); NLT 90.0% and NMT 160.0% of the labeled amount of
iodine (I); and NLT 90.0% and NMT 125.0% of the labeled amounts of iron (Fe), magnesium
(Mg), manganese (Mn), and zinc (Zn).
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
• Cyanocobalamin
[Note—Use low-actinic glassware throughout this procedure.]
Standard stock solution: 1.0 µg/mL of cyanocobalamin from USP Cyanocobalamin RS in
25% alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of the Standard stock solution with water to a
measured volume such that after the incubation period as described in Analysis, the
difference in transmittance between the inoculated blank and the 5.0-mL level of the
Standard solution is NLT that which corresponds to a difference of 1.25 mg in dried cell
weight. This concentration usually falls between 0.01 ng/mL and 0.04 ng/mL of the
Standard solution. Prepare this solution fresh for each assay.
Sample solution: Transfer to an appropriate vessel an accurately measured volume of Oral
Solution assumed to contain 1.0 µg of cyanocobalamin for each mL of Oral Solution taken
and 25 mL of an aqueous extracting solution prepared just before use to contain, in each
100 mL, 1.29 g of dibasic sodium phosphate, 1.1 g of anhydrous citric acid, and 1.0 g of
sodium metabisulfite. Autoclave the mixture at 121 for 10 min. Allow any undissolved
particles of the extract to settle, and filter or centrifuge if necessary. Dilute an aliquot of
the clear solution with water to obtain a final solution containing vitamin B12 activity
approximately equivalent to that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
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Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: 20 g of polysorbate 80 in alcohol to make 200 mL. Store in a
refrigerator.
Vitamin solution A: 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg of biotin,
and 20 mg of niacin in 0.02 N acetic acid to make 400 mL. Store under toluene protected
from light in a refrigerator.
Vitamin solution B: 20 mg of p-aminobenzoic acid, 10 mg of calcium pantothenate, 40 mg
of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg of pyridoxamine
dihydrochloride, and 2 mg of folic acid in a mixture of water and neutralized alcohol (3:1)
to make 400 mL. Store, protected from light in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed, carefully dissolving cystine and tryptophan in the
hydrochloric acid before adding the next eight solutions. To the resulting solution add 100
mL of water, and dissolve the dextrose, sodium acetate, and ascorbic acid. Filter if
necessary, add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a pH of
5.5–6.0, and dilute with Purified Water to 250 mL.
Table 1
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
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Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter-aid in the supernatant, and filter
with the aid of reduced pressure through a layer of the filter-aid. Repeat if necessary until
a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
Suspension medium: Dilute a measured volume of the Basal medium stock solution with
an equal volume of water. Place 10-mL portions of the diluted medium in test tubes.
Sterilize, and cool as directed in Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of the Culture medium add 1.0–
1.5 g of agar, and heat the mixture on a steam bath, with stirring, until the agar
dissolves. Place 10-mL portions of the hot solution in test tubes, cover the tubes, sterilize
at 121 for 15 min in an autoclave, and allow the tubes to cool in an upright position.
Inoculate three or more of the tubes by stab transfer of a pure culture of Lactobacillus
leichmannii. [Note—Before first using a fresh culture in this assay make NLT 10 successive
transfers of the culture in a 2-week period.]
Incubate for 16–24 h at a temperature between 30 and 40 held constant to within ±0.5
. Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
each containing 10 mL of the Culture medium. Incubate these cultures for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Under aseptic conditions
centrifuge the cultures, and decant the supernatant. Suspend the cells from the culture in
5 mL of sterile Suspension medium, and combine. Using sterile Suspension medium, adjust
the volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read
on a suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped
with a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in400 dilution of the adjusted suspension using sterile Basal medium stock solution. The cell
suspension so obtained is the Inoculum. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.]
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Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically using a standard wavelength cell or other suitable device. Before reading any
tests calibrate the spectrophotometer for 0% and 100% transmittance using water and
with the wavelength set at 530 nm.
Analysis: Because of the high sensitivity of the test organism to minimum amounts of
vitamin B12 activity and to traces of many cleansing agents, cleanse meticulously by
suitable means followed preferably by heating at 250 for 2 h using hard-glass 20-mm ×
150-mm test tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min arranging to reach this temperature in NMT 10 min by preheating the autoclave if
necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of the Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 held constant to within ±0.5 for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating contents read the transmittance at 530 nm when a steady
state is reached. This steady state is observed a few seconds after agitation when the
reading remains constant for 30 s or more. Allow approximately the same time interval for
the reading on each tube.
With the transmittance set at 100% for the uninoculated blank read the transmittance of
the inoculated blank. If the difference is greater than 5% or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard calculate the response from the sum of the duplicate values of the
transmittances (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
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volume of the Standard solution corresponding to each of those values of y that falls
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in µg, of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of
Oral Solution taken:
antilog M = antilog (M¢ + log R)
R= µg of cyanocobalamin assumed to be present in the portion of Oral Solution taken
Calculate the percentage of the labeled amount of cyanocobalamin in the portion of Oral
Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of cyanocobalamin in the portion of Oral Solution taken
Replication: Repeat the entire determination at least once using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , Vitamin B12 Activity). If the two determinations differ by more
than 0.08, conduct one or more additional determinations. From the mean of two or
more values of M that do not differ by more than 0.15, compute the mean potency of
the preparation under assay.
Acceptance criteria: 90.0%–450.0% of the labeled amount of cyanocobalamin (C63 H88
CoN14 O14 P)
• Calcium Pantothenate, Method 1
Mobile phase: Methanol and 0.2 M monobasic sodium phosphate (3:97). Adjust with 1.7 M
phosphoric acid to a pH of 3.2 ± 0.1.
Standard solution: 80 µg/mL of USP Calcium Pantothenate RS in the Mobile phase
System suitability solution: 80 µg/mL of USP Racemic Panthenol RS in the Mobile phase.
Mix the resulting solution and the Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of calcium pantothenate from Oral Solution in the
Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4-mm × 10-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 1.5 between panthenol and calcium pantothenate, System suitability
solution
Tailing factor: NMT 2.0 for both the calcium pantothenate and the panthenol peaks,
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System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for calcium pantothenate from the Sample solution
rS= peak area for calcium pantothenate from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide and protected from absorption of
moisture while weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL of
0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with water
to volume to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS. Store
under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of the Standard stock
solution with water to obtain a concentration of 0.01–0.04 µg/mL of calcium
pantothenate, the exact concentration being such that the responses obtained as
directed in Analysis, 2.0 and 4.0 mL of the Standard solution being used, are within the
linear portion of the log-concentration response curve.
Sample solution: Transfer an accurately measured volume of Oral Solution equivalent to
50 mg of calcium pantothenate to a 1000-mL volumetric flask containing 500 mL of water.
Add 10 mL of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), dilute
with water to volume, and filter. Dilute a measured volume of this solution quantitatively,
and stepwise if necessary, with water to obtain a solution with about the same
concentration as that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a refrigerator
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add
dilute hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool,
and dilute with water to 1000 mL. Store under toluene in a refrigerator at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, and
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dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under toluene
protected from light in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 2, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 2
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar; and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 for 15 min, and allow the tubes to cool in an upright
position. Prepare stab cultures in three or more of the tubes using a pure culture of
Lactobacillus plantarum, incubating for 1–24 h at a temperature between 30 and 37
held constant to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock
culture every week, and do not use for the Inoculum if the culture is more than 1 week
old.
Culture medium: To each of a series of test tubes containing 5.0 mL of the Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 for 15 min, and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of the Culture medium. Incubate this culture for 16–24 h at a
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temperature between 30 and 37 held constant to within ±0.5 . The cell suspension so
obtained is the Inoculum.
Analysis: To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0,
and 5.0 mL of the Standard solution. To each tube and to four similar empty tubes add
5.0 mL of the Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, add 1 drop of the Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Read the transmittance
between 540 and 660 nm when a steady state is reached. This steady state is observed a
few seconds after agitation when the galvanometer reading remains constant for 30 s or
more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard calculate the response from the sum of the duplicate values of the
transmittance (SS) as the difference, y = 2.00 SS. Plot this response on the ordinate
of cross-section paper against the logarithm of the mL of the Standard solution per tube
on the abscissa using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y = 2.00 SU, adding together the two transmittances (SU) for
each level of the Sample solution. Read from the standard curve the logarithm of the
volume of the Standard solution corresponding to each of those values of y that fall
within the range of the lowest and highest points plotted for the Standard. Subtract
from each logarithm so obtained the logarithm of the volume, in mL, of the Sample
solution to obtain the difference, X, for each dosage level. Average the values of X for
each of three or more dosage levels to obtain X, which equals the log-relative potency,
M¢, of the Sample solution.
Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding to the
calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
antilog M = antilog (M¢ + log R)
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R= mg of calcium pantothenate assumed to be present in the portion of Oral Solution
taken
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Oral Solution taken:
Result = [(antilog M)/N] × 100
N= nominal amount of calcium pantothenate in the portion of Oral Solution (mg)
Replication: Repeat the entire determination at least once using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08 conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Dexpanthenol or Panthenol, Method 1
Mobile phase and Chromatographic system: Proceed as directed in Calcium
Pantothenate, Method 1.
Standard solution: 80 µg/mL of USP Dexpanthenol RS or USP Racemic Panthenol RS in the
Mobile phase. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol, and use USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
System suitability solution: 80 µg/mL of USP Calcium Pantothenate RS in the Mobile
phase. Mix the resulting solution and the Standard solution (1:1).
Sample solution: Equivalent to 80 µg/mL of dexpanthenol or panthenol from Oral Solution
in the Mobile phase
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 ) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for dexpanthenol or panthenol from the Sample solution
rS= peak area for dexpanthenol or panthenol from the Standard solution
C=
S concentration of USP Dexpanthenol RS or USP Racemic Panthenol RS in the Standard
solution (mg/mL)
C=
U nominal concentration of the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Dexpanthenol or Panthenol, Method 2
[Note—The following procedure is applicable also to the determination of the dextrorotatory
component of racemic panthenol in preparations containing panthenol.]
Dehydrated mixtures yielding formulations similar to the media described herein may be
used provided that, when constituted as directed, they have growth-promoting properties
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equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 800 µg/mL of USP Dexpanthenol RS or 1600 µg/mL of USP
Racemic Panthenol RS in water. Store in a refrigerator protected from light, and use within
30 days. [Note—Use USP Dexpanthenol RS to analyze Oral Solution that contains
dexpanthenol, and use USP Racemic Panthenol RS to analyze Oral Solution that contains
panthenol.]
Standard solution: On the day of the assay prepare 1.2 µg/mL of dexpanthenol or 2.4
µg/mL of racemic panthenol from the Standard stock solution with water.
Sample solution: 1.2 µg/mL of dexpanthenol or 2.4 µg/mL of panthenol from Oral Solution
in water
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in about 500 mL of water, adjust the solution with 1 N sodium
hydroxide to a pH of 3.5 ± 0.1, and dilute with water to 1000 mL. Add 20 g of activated
charcoal, stir for 1 h, and filter. Repeat the treatment with activated charcoal. Store
under toluene in a refrigerator at a temperature NLT 10 . Filter the solution if a precipitate
forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in a solution of 1.0 g of ltryptophan (or 2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 75 ± 5 , and add
6 M hydrochloric acid dropwise, with stirring, until the solids are dissolved. Cool, dilute
with water to 1000 mL, and mix. Store under toluene in a refrigerator at a temperature
NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat in 10 mL of 4 N hydrochloric acid. Cool, add
dilute with to 200 mL, and mix. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: Prepare a solution of riboflavin,
thiamine hydrochloride, and biotin in 0.02 N acetic acid containing 20 µg/mL of riboflavin,
10 µg/mL of thiamine hydrochloride, and 0.04 µg/mL of biotin. Store under toluene
protected from light in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: Prepare a solution in
neutral 25% alcohol containing 10 µg/mL of p-aminobenzoic acid, 50 µg/mL of niacin, and
40 µg/mL of pyridoxine hydrochloride. Store in a refrigerator.
Salt solution 1: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid, and mix.
Store under toluene.
Salt solution 2: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Pyridoxal–calcium pantothenate solution: Dissolve 40 mg of pyridoxal hydrochloride and
375 µg of calcium pantothenate in 10% alcohol to make 200 mL, and mix. Store in a
refrigerator, and use within 30 days.
Polysorbate 40–oleic acid solution: Dissolve 25 g of polysorbate 40 and 0.25 g of oleic
acid in 20% alcohol to make 500 mL, and mix. Store in a refrigerator, and use within 30
days.
Modified pantothenate medium: Dissolve anhydrous dextrose and sodium acetate in the
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solutions previously mixed according to Table 3, and adjust with 1 N sodium hydroxide to a
pH of 6.8. Finally, dilute with water to 250 mL, and mix.
Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution 1
5 mL
Salt solution 2
5 mL
Pyridoxal–calcium pantothenate solution
5 mL
Polysorbate 40–oleic acid solution
5 mL
Double-strength modified pantothenate medium: Prepare as directed in Modified
pantothenate medium but make the final dilution to 125 mL instead of 250 mL. Prepare
fresh.
Stock culture of Pediococcus acidilactici: Dissolve in 800 mL of water, with the aid of
heat, 6.0 g of peptone, 4.0 g of pancreatic digest of casein, 3.0 g of yeast extract, 1.5 g
of beef extract, 1.0 g of dextrose, and 15.0 g of agar. Adjust with 0.1 N sodium hydroxide
or 0.1 N hydrochloric acid to a pH between 6.5 and 6.6, dilute with water to 1000 mL, and
mix. Add 10-mL portions of the solution to culture tubes, place caps on the tubes, and
sterilize in an autoclave at 121 for 15 min. Cool on a slant, and store in a refrigerator.
Prepare a stock culture of Pediococcus acidilactici1 on a slant of this medium. Incubate at
35 for 20–24 h, and store in a refrigerator. Maintain the stock culture by monthly transfer
onto fresh slants.
Inoculum: Inoculate three 250-mL portions of the Modified pantothenate medium from a
stock culture slant, and incubate at 35 for 20–24 h. Centrifuge the suspension from the
combined portions, and wash the cells with the Modified pantothenate medium.
Resuspend the cells in sufficient Modified pantothenate medium so that a 1-in-50 dilution,
when tested in a 13-mm diameter test tube, gives 80% light transmission at 530 nm.
Transfer 1.2-mL portions of this stock suspension to glass ampuls, seal, freeze in liquid
nitrogen, and store in a freezer. On the day of the assay allow the ampuls to reach room
temperature, mix the contents, and dilute 1 mL of thawed culture with sterile saline TS to
150 mL. [Note—This dilution may be altered when necessary to obtain the desired test
response.]
Analysis: Prepare in triplicate a series of eight culture tubes by adding the following
quantities of water to the tubes within a set: 5.0, 4.5, 4.0, 3.5, 3.0, 2.0, 1.0, and 0.0 mL.
To these same tubes, and in the same order, add 0.0, 0.5, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0
mL of the Standard solution.
Prepare in duplicate a series of five culture tubes by adding the following quantities of
water to the tubes within a set: 4.0, 3.5, 3.0, 2.0, and 1.0 mL. To these same tubes, and
in the same order, add 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the Sample solution.
Add 5.0 mL of the Double-strength modified pantothenate medium to each tube, and mix.
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Cover the tubes with metal caps, and sterilize in an autoclave at 121 for 5 min. Cool to
room temperature in a chilled water bath, and inoculate each tube with 0.5 mL of the
Inoculum. Allow to incubate at 37 for 16 h. Terminate growth by heating to a
temperature NLT 80 , such as by steaming at atmospheric pressure in a sterilizer for 5–10
min. Cool, and concomitantly determine the percentage transmittance of the suspensions,
in cells of equal path length, on a suitable spectrophotometer, at a wavelength of 530 nm.
Calculation: Draw a dose-response curve on arithmetic graph paper by plotting the
average response, in percent transmittance, for each set of tubes of the standard curve
against the standard level concentrations. The curve is drawn by connecting each
adjacent pair of points with a straight line. From this standard curve, determine by
interpolation the potency, in terms of dexpanthenol, of each tube containing portions of
the Sample solution. Divide the potency of each tube by the amount of the Sample
solution added to it to obtain the individual responses. Calculate the mean response by
averaging the individual responses that vary from their mean by NMT 15%, using NLT
half the total number of tubes. Calculate the potency of the portion of the material
taken for assay, by multiplying the mean response by the appropriate dilution factor.
Calculate the percentage of the labeled amount of dexpanthenol or panthenol in the
portion of Oral Solution taken:
Result = (P/N) × 100
P= calculated potency of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
N= nominal amount of dexpanthenol or panthenol in the portion of Oral Solution taken
(mg)
Acceptance criteria: 90.0%–150.0% of the labeled amount of dexpanthenol or panthenol
(C9 H19 NO4 )
• Niacin or Niacinamide
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: 25 mg/mL of edetate disodium in water
Mobile phase: Methanol, glacial acetic acid, triethylamine, and 0.008 M sodium 1hexanesulfonate (350: 15: 0.4: 1634.6)
Standard solution: 0.10 mg/mL of USP Niacin RS or USP Niacinamide RS in the Diluent.
[Note—Use USP Niacin RS for Oral Solution that contains niacin, and use USP Niacinamide
RS for Oral Solution that contains niacinamide.]
Sample solution: Dilute an accurately measured volume of Oral Solution with Diluent to
obtain a solution with a concentration of 0.1 mg/mL of niacin or niacinamide.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of niacin (C6 H5 NO2 ) or niacinamide
(C6 H6 N2 O) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for niacin or niacinamide from the Sample solution
rS= peak area for niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution
(mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: Equivalent to 24 µg/mL of USP Pyridoxine Hydrochloride RS in the
Diluent
Sample solution: Equivalent to 24 µg/mL of pyridoxine hydrochloride from Oral Solution in
the Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for pyridoxine hydrochloride from the Sample solution
rS= peak area for pyridoxine hydrochloride from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin or Riboflavin-5¢ -phosphate Sodium, Method 1
[Note—Riboflavin-5¢-phosphate sodium is quantitated against USP Riboflavin RS in this
procedure. In the chromatogram of the Sample solution the riboflavin-5¢-phosphate peak is
the only peak measured for calculation.]
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
[Note—The relative retention times for riboflavin-5¢-phosphate and riboflavin are about 0.18
and 1.0, respectively.]
Standard solution: Equivalent to 8 µg/mL of USP Riboflavin RS in the Diluent by heating if
necessary
Sample solution: Equivalent to 8 µg/mL of riboflavin from Oral Solution in the Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of riboflavin (C17 H20 N4 O6 ) in the portion
of Oral Solution taken:
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Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area for riboflavin-5¢-phosphate from the Sample solution
rS= peak area for riboflavin from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
F= factor for converting the response obtained for riboflavin-5¢-phosphate to riboflavin,
1.493. [Note—Riboflavin Phosphate Sodium is a mixture of isomeric monophosphates
and diphosphates containing an average amount of 67% of riboflavin-5¢monophosphate, which separates in this chromatographic system. The factor 1.493
assumes 67% of riboflavin-5¢-monophosphate.]
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Riboflavin or Riboflavin-5¢ -phosphate Sodium, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solvent blank: 1 N hydrochloric acid, 2.5 M sodium acetate, and water (1:2:97)
Riboflavin stock solution: 0.16 mg/mL of USP Riboflavin RS in 1 N hydrochloric acid, 2.5 M
sodium acetate, and water (1:2:97). Mix the resulting solution and water (1:9).
Standard solution: Riboflavin stock solution, 1 N hydrochloric acid, 2.5 M sodium acetate,
and water (1:1:2:96)
Sample solution: Transfer the equivalent to 0.8 mg of riboflavin from the Oral Solution to
a 100-mL volumetric flask, and dilute with water to volume. Mix the resulting solution, 1 N
hydrochloric acid, 2.5 M sodium acetate, and water (2:1:2:95).
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 ).
Mode: Fluorescence
Analytical wavelengths
Excitation: 440 nm
Emission: 530 nm
Blank: Solvent
Analysis
Samples: Standard solution and Sample solution
Determine the maximum fluorescence intensities, IS and IU, of the Standard solution and
the Sample solution, respectively. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Oral Solution taken:
Result = (IU/IS) × (CS/CU) × 100
IU= fluorescence value from the Sample solution
IS= fluorescence value from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine
Diluent, Mobile phase, and Chromatographic system: Proceed as directed in Niacin or
Niacinamide.
Standard solution: 24 µg/mL of USP Thiamine Hydrochloride RS in the Diluent
Sample solution: Equivalent to 24 µg/mL of thiamine hydrochloride from Oral Solution in
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the Diluent
Analysis
Samples: Standard solution and Sample solution
For products containing thiamine hydrochloride, calculate the percentage of the labeled
amount of thiamine hydrochloride (C12 H17 ClN4 OS·HCl) in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for thiamine from the Sample solution
rS= peak area for thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–250.0% of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl)
Change to read:
• Iodide, Method 1
2S (USP36)

Mobile phase: Dissolve 5.15 g of tetrabutylammonium bromide in 320 mL of acetonitrile.
Dilute with water to 2000 mL.
Standard stock solution: 1.3 mg/mL of potassium iodide in the Mobile phase. This solution
has a concentration of 1 mg/mL of iodide.
Standard solution: 2.5 µg/mL of iodide from the Standard stock solution in the Mobile
phase
System suitability solution: Transfer 0.13 g of potassium iodide and 0.5 g of potassium
iodate to a 100-mL volumetric flask. Dissolve in the Mobile phase, using sonication if
necessary, dilute with the Mobile phase to volume, and mix. Transfer 1.0 mL of this
solution to a 100-mL volumetric flask, dilute with the Mobile phase to volume, and mix.
Transfer 25.0 mL of this solution to a 100-mL volumetric flask, and dilute with the Mobile
phase to volume.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain a
solution with a concentration of 2.5 µg/mL of iodine in the Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 30 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for iodate and iodide are about 0.32 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.5 between iodate and iodide, System suitability solution
Relative standard deviation: NMT 2.0% for the iodide peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of iodine (I) in the portion of Oral
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area for iodide from the Sample solution
rS= peak area for iodide from the Standard solution
C=
S concentration of iodide in the Standard solution (µg/mL)
C=
U nominal concentration of iodine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
Delete the following:
• Iodide, Method 2: Proceed as directed under Automated Methods of Analysis 16 , Assay
for Iodide. 2S (USP36)
• Iron
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask, dissolve in 6 N hydrochloric acid, and dilute with water to volume.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of the Iron standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL
of iron.
Sample solution: 6 µg/mL of iron from Oral Solution in 0.125 N hydrochloric acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions using the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of iron in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium
Magnesium standard solution: Transfer 1.00 g of magnesium ribbon to a 1000-mL
volumetric flask. Dissolve in 50 mL of 6 N hydrochloric acid, and dilute with water to
volume.
Standard stock solution: 20 µg/mL of magnesium from the Magnesium standard solution in
0.125 N hydrochloric acid
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Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 7.5, 10.0, 12.5,
and 15.0 mL of the Standard stock solution. Dilute with 0.125 N hydrochloric acid to
volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5, and 3.0 µg/mL of magnesium.
Sample solution: 2.5 µg/mL of magnesium from Oral Solution in 0.125 N hydrochloric acid
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 285.2 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions using the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of magnesium in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese
Manganese standard stock solution: Transfer 1.0 g of manganese to a 1000-mL
volumetric flask. Dissolve in 20 mL of nitric acid, and dilute with 6 N hydrochloric acid to
volume.
Standard stock solution: 50 µg/mL of manganese from the Manganese standard stock
solution in 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of the Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with known concentrations of 0.5, 0.75,
1.0, 1.5, and 2.0 µg/mL of manganese.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain a
solution with a concentration of 1.5 µg/mL of manganese in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions using the Blank. Plot the absorbances of the

PF 38(5): Sep.-Oct. 2012

732

Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL, of manganese in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Oral Solution taken:
Result = (C/CU) × 100
C= concentration of manganese in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% labeled amount of manganese (Mn)
• Zinc
Zinc standard solution: Transfer 311 mg of zinc oxide to a 250-mL volumetric flask, and
add 80 mL of 6 N hydrochloric acid, warming if necessary to dissolve. Cool, dilute with
water to volume, and mix to obtain a solution with a known concentration of 1000 µg/mL
of zinc.
Standard stock solution: 50 µg/mL of zinc from the Zinc standard solution in 0.125 N
hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Dilute an accurately measured volume of Oral Solution to obtain a
solution with a concentration of 1 µg/mL of zinc in 0.125 N hydrochloric acid.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometer
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions using the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight
line best fitting the five plotted points. From the graph so obtained determine the
concentration, C, in µg/mL, of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Oral
Solution taken:
Result = (C/CU) × 100
C= concentration of zinc in the Sample solution from the graph (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
OTHER COMPONENTS
• Alcohol Determination, Method 1
amount of C2 H5 OH

611 (if present): 90.0%–120.0% of the labeled
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CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/mL, and the combined molds and yeasts count does not exceed 3 × 102 cfu/mL.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, under an inert gas or
with a minimum of headspace.
• Labeling: The label states that the product is Water-Soluble Vitamins with Minerals Oral
Solution. The label states the quantity of each vitamin and mineral present in terms of
metric units in a given volume of the Oral Solution and, where necessary, the chemical
form in which a vitamin is present, and also states the salt form of the mineral used as the
source of each element. Where products are labeled to contain panthenol the label states
the equivalent content of dexpanthenol. Where more than one assay method is given for a
particular vitamin or mineral, the labeling states with which assay method the product
complies only if Method 1 is not used.
• USP Reference Standards 11
USP Calcium Pantothenate RS
USP Cyanocobalamin RS
USP Dexpanthenol RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Racemic Panthenol RS
USP Riboflavin RS
USP Thiamine Hydrochloride RS
1 ATC C No. 8042 is suitable.

BRIEFING
Water-Soluble Vitamins with Minerals Tablets, USP 35 page 1644. On the basis of
comments received from the General Chapters—Chemical Analysis Expert Committee, it is
proposed to eliminate Ascorbic Acid, Method 2; Calcium Ascorbate, Method 2; Sodium
Ascorbate, Method 2; and Iodide, Method 2, because the procedures described in the USP
general chapter Automated Methods of Analysis 16 are considered outdated. Interested
parties are encouraged to submit comments on the proposed deletions and modern
alternative analytical procedures for high throughput analysis of these components.
(DS: N. Davydova.)
Correspondence Number—C119413

Comment deadline: November 30, 2012
Water-Soluble Vitamins with Minerals Tablets
DEFINITION
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Water-Soluble Vitamins with Minerals Tablets contain one or more of the following water-soluble
vitamins: Ascorbic Acid or its equivalent as Calcium Ascorbate or Sodium Ascorbate, Biotin,
Cyanocobalamin, Folic Acid, Niacin or Niacinamide, Pantothenic Acid (as Calcium Pantothenate
or Racemic Calcium Pantothenate), Pyridoxine Hydrochloride, Riboflavin, and Thiamine
Hydrochloride or Thiamine Mononitrate; and one or more minerals derived from substances
generally recognized as safe, furnishing one or more of the following elements in ionizable form:
boron, calcium, chromium, copper, fluorine, iodine, iron, magnesium, manganese, molybdenum,
nickel, phosphorus, potassium, selenium, tin, vanadium, and zinc. Tablets contain NLT 90.0%
and NMT 150.0% of the labeled amounts of ascorbic acid (C6 H8 O6 ) or its salts as calcium
ascorbate (C12 H14 CaO12 ·2H2 O) or sodium ascorbate (C6 H7 NaO6 ), biotin (C10 H16 N2 O3 S),
cyanocobalamin (C63 H88 CoN14 O14 P), folic acid (C19 H19 N7 O6 ), calcium pantothenate
(C18 H32 CaN2 O10 ), niacin (C6 H5 NO2 ) or niacinamide (C6 H6 N2 O), pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine (C12 H17 ClN4 OS) as thiamine
hydrochloride or thiamine mononitrate; NLT 90.0% and NMT 125.0% of the labeled amounts of
calcium (Ca), copper (Cu), iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P),
potassium (K), and zinc (Zn); and NLT 90.0% and NMT 160.0% of the labeled amounts of boron
(B), chromium (Cr), fluorine (F), iodine (I), molybdenum (Mo), nickel (Ni), selenium (Se), tin
(Sn), and vanadium (V).
They do not contain any form of Beta Carotene or Vitamin A, D, E, or K. They may contain
other labeled added substances that are generally recognized as safe, in amounts that are
unobjectionable.
STRENGTH
[Note—In the following assays, where more than one assay method is given for an individual
ingredient, the requirements may be met by following any one of the specified methods, the
method used being stated in the labeling only if Method 1 is not used.]
Change to read:
• Ascorbic Acid, Method 1
2S (USP36)

[Note—Finely powder NLT 20 Tablets.]
Sample solution: Transfer a portion of powdered Tablets, equivalent to a nominal amount
of 100 mg of ascorbic acid, to a 200-mL volumetric flask, and add 75 mL of
metaphosphoric–acetic acids TS. Insert a stopper into the flask, and shake by mechanical
means for 30 min. Dilute with water to volume. Transfer a portion of the solution to a
centrifuge tube, and centrifuge until a clear supernatant is obtained. Pipet 4.0 mL of this
solution into a 50-mL conical flask, and add 5 mL of metaphosphoric–acetic acids TS.
Analysis: Titrate with standard dichlorophenol–indophenol solution VS to a rose-pink color
that persists for at least 5 s. Correct for the volume of dichlorophenol–indophenol solution
consumed by a mixture of 5.5 mL of metaphosphoric–acetic acids TS and 15 mL of water.
From the ascorbic acid equivalent of the standard dichlorophenol–indophenol solution,
calculate the content of ascorbic acid in each Tablet.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
Delete the following:
• Ascorbic Acid, Method 2: Proceed as directed in Automated Methods of Analysis 16 ,
Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of ascorbic acid (C6 H8 O6 )
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2S (USP36)

Change to read:
• Calcium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O)
Delete the following:
• Calcium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium ascorbate
(C12 H14 CaO12 ·2H2 O) 2S (USP36)
Change to read:
• Sodium Ascorbate, Method 1
2S (USP36)

: Proceed as directed in Ascorbic Acid. Method 1
2S (USP36)

Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 )
Delete the following:
• Sodium Ascorbate, Method 2: Proceed as directed in Automated Methods of Analysis

16

, Assay for Ascorbic Acid.
Acceptance criteria: 90.0%–150.0% of the labeled amount of sodium ascorbate
(C6 H7 NaO6 ) 2S (USP36)
• Biotin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Mix 85 mL of acetonitrile, 1 g of sodium perchlorate, and 1 mL of phosphoric
acid, and dilute with water to 1000 mL.
Standard stock solution: 0.333 mg/mL of USP Biotin RS in dimethyl sulfoxide
Standard solution: 5 µg/mL of USP Biotin RS prepared by diluting the Standard stock
solution in water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powder, equivalent
to a nominal amount of 1 mg of biotin, to a 200-mL volumetric flask, add 3 mL of dimethyl
sulfoxide, and swirl to wet. Place the flask in a water bath at 60 –70 for 5 min. Sonicate
for 5 min, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
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Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the responses for the biotin peaks. Calculate the percentage of the labeled
amount of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Dehydrated mixtures yielding formulations similar to those of the media described herein
may be used if, when constituted as directed, they have growth-promoting properties
equal to or superior to those obtained with the media prepared as described herein.
Standard stock solution: 50 µg/mL of USP Biotin RS in 50% alcohol. Store this solution in
a refrigerator.
Standard solution: On the day of the assay, dilute the Standard stock solution with water
to a concentration of 0.1 ng/mL of USP Biotin RS.
Sample solution: Finely powder NLT 30 Tablets. Transfer a the portion of powder,
equivalent to a nominal amount of 100 µg of biotin, to a 200-mL volumetric flask. Add 3
mL of 50% alcohol, and swirl to wet the contents. Heat the flask in a water bath at 60 –
70 for 5 min. Sonicate for 5 min, dilute with diluted alcohol to volume, and filter. Dilute a
volume of the filtrate quantitatively, and stepwise if necessary, with water to obtain a
solution with a concentration of 0.1 ng/mL.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine in 1.0 g of l-tryptophan (or 2.0
g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add dilute hydrochloric
acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and dilute with
water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10 .
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
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Calcium pantothenate solution: 10 µg/mL of calcium pantothenate in 50% alcohol. Store
in a refrigerator.
Riboflavin–thiamine hydrochloride solution: 20 µg/mL of riboflavin and 10 µg/mL of
thiamine hydrochloride in 0.02 N acetic acid. Store under toluene, protected from light, in
a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid, and mix. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 1, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 1
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Calcium pantothenate solution
5 mL
Riboflavin–thiamine hydrochloride solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water. Add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,
sterilize in an autoclave at 121 , and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum,1 incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.5 ng of biotin. Plug the tubes with cotton,
sterilize in an autoclave at 121 , and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of culture medium. Incubate this culture for 16–24 h at a temperature
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between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar test tubes add, in duplicate, volumes of the Sample solution corresponding to
three or more of the levels specified for the Standard solution, including the levels of 2.0,
3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock solution and
sufficient water to make 10 mL. Place one complete set of Standard and sample tubes
together in one tube rack and the duplicate set in a second rack or section of a rack,
preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 held constant to within ±0.5 until, following 16–24 h
of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to a spectrophotometer cell. Place the cell in a
spectrophotometer that has been set at a specific wavelength of 540–660 nm, and read
the transmittance when a steady state is reached. This steady state is observed a few
seconds after agitation when the galvanometer reading remains constant for 30 s or more.
Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range
of lowest and highest points plotted for the Standard. Subtract from each logarithm so
obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution.
Determine the quantity, in µg, of USP Biotin RS corresponding to the biotin in each mg of
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the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of biotin assumed to be present in each mg in the portion of Tablets
taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Biotin, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 800 mL of water and 100 mL of triethylamine to a 1000-mL volumetric
flask. Add 80 mL of 85% phosphoric acid, and dilute with water to volume.
Mobile phase: Transfer 80 mL of acetonitrile and 10 mL of Solution A to a 1000-mL
volumetric flask. Dilute with water to volume.
Standard solution: 0.6 µg/mL of USP Biotin RS in water
[Note—A portion of the Standard solution will be used to determine the percent recovery of
biotin from the Solid-phase extraction procedure.]
Sample solution: Finely powder NLT 20 Tablets. Transfer an amount of powdered Tablets
to a volumetric flask to obtain a nominal concentration of 0.6 µg/mL of biotin. Add water
up to 80% of the flask capacity, sonicate for 30–40 min with occasional mixing to
dissolve, dilute with water to volume, and filter. Adjust the pH of the solution with either
diluted acetic acid or 0.1 N sodium hydroxide to between 6.0 and 7.0.
Solid-phase extraction
[Note—Condition the extraction column specified in this procedure in the following manner.
Wash the column with a 2-mL portion of methanol. Equilibrate with a 2-mL portion of
water.]
Separately pipet 5.0 mL of the Sample solution and Standard solution into freshly
conditioned solid-phase extraction columns consisting of a mixed-mode packing with a
sorbent mass of 60 mg. [Note—The mixed-mode packing consists of anion-exchange and
reversed-phase sorbents. The reverse-phase component is a polymer of copolymer Nvinylpyrrolidone and divinylbenzene. The anion exchange moiety is a trialkylamino group.2 ]
Wash the column with 10 mL of 30% methanol in water. Apply an appropriate volume (4.9
mL) of 30% methanol in 0.1 N hydrochloric acid to the column. Collect the eluate in a 5mL volumetric flask, containing 100 µL of 40% (w/v) sodium acetate in water, and dilute
with 30% methanol in 0.1 N hydrochloric acid to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
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Injection volume: 100 µL
System suitability
Samples: Standard solution and a portion of the Standard solution that has undergone
Solid-phase extraction
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution and Standard solution that
has undergone Solid-phase extraction
Recovery: 95%–100%, Standard solution that has undergone Solid-phase extraction
Analysis
Samples: Standard solution and Sample solution that have both undergone Solid-phase
extraction
Measure the responses for the biotin peak. Calculate the percentage of the labeled
amount of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
C=
U nominal concentration of biotin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of biotin (C10 H16 N2 O3 S)
• Cyanocobalamin, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
Standard stock solution: 10 µg/mL of USP Cyanocobalamin RS in water. [Note—Store this
stock solution in a dark place, and discard after 1 week.]
Standard solution: 1 µg/mL of USP Cyanocobalamin RS from the Standard stock solution,
diluted with water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 100 µg of cyanocobalamin, to a 250-mL flask.
Quantitatively add 100.0 mL of water, and carefully extract for 2 min. Filter 10 mL of the
extract, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 550 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 200 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
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Measure the peak responses for cyanocobalamin. Calculate the percentage of the labeled
amount of cyanocobalamin (C63 H88 CoN14 O14 P) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of cyanocobalamin from the Sample solution
rS= peak response of cyanocobalamin from the Standard solution
C=
S concentration of USP Cyanocobalamin RS in the Standard solution (µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Cyanocobalamin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Standard cyanocobalamin stock solution: 1.0 µg/mL of USP Cyanocobalamin RS in 25%
alcohol. Store in a refrigerator.
Standard solution: Dilute a suitable volume of Standard cyanocobalamin stock solution
with water to a measured volume such that after the incubation period as directed in the
Analysis, the difference in transmittance between the inoculated blank and the 5.0-mL
level of the Standard solution is NLT that which corresponds to a difference of 1.25 mg in
dried cell weight. This concentration usually falls between 0.01 and 0.04 ng/mL of
Standard solution. Prepare this solution fresh for each assay.
Sample solution: Finely powder NLT 20 Tablets.Transfer a portion of the powdered
Tablets, equivalent to a nominal amount of 1.0 µg of cyanocobalamin, to an appropriate
vessel containing, for each g of powdered Tablets taken, 25 mL of an aqueous extracting
solution prepared just before use to contain, in each 100 mL, 1.29 g of dibasic sodium
phosphate, 1.1 g of anhydrous citric acid, and 1.0 g of sodium metabisulfite. Autoclave
the mixture at 121 for 10 min. Allow any undissolved particles of the extract to settle,
and filter or centrifuge if necessary. Dilute an aliquot of the clear solution with water to
obtain a final solution containing vitamin B12 activity equivalent to the nominal activity of
the Standard solution.
Acid-hydrolyzed casein solution: Prepare as directed in Calcium Pantothenate, Method
2.
Asparagine solution: Dissolve 2.0 g of l-asparagine in water to make 200 mL. Store under
toluene in a refrigerator.
Adenine–guanine–uracil solution: Prepare as directed in Calcium Pantothenate, Method
2.
Xanthine solution: Suspend 0.20 g of xanthine in 30–40 mL of water, heat to 70 , add 6.0
mL of 6 N ammonium hydroxide, and stir until the solid is dissolved. Cool, and dilute with
water to 200 mL. Store under toluene in a refrigerator.
Salt solution A: Dissolve 10 g of monobasic potassium phosphate and 10 g of dibasic
potassium phosphate in water to make 200 mL, and add 2 drops of hydrochloric acid.
Store this solution under toluene.
Salt solution B: Dissolve 4.0 g of magnesium sulfate, 0.20 g of sodium chloride, 0.20 g of
ferrous sulfate, and 0.20 g of manganese sulfate in water to make 200 mL, and add 2
drops of hydrochloric acid. Store this solution under toluene.
Polysorbate 80 solution: Dissolve 20 g of polysorbate 80 in alcohol to make 200 mL. Store
in a refrigerator.
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Vitamin solution A: Dissolve 10 mg of riboflavin, 10 mg of thiamine hydrochloride, 100 µg
of biotin, and 20 mg of niacin in 0.02 N glacial acetic acid to make 400 mL. Store under
toluene, protected from light, in a refrigerator.
Vitamin solution B: Dissolve 20 mg of p-aminobenzoic acid, 10 mg of calcium
pantothenate, 40 mg of pyridoxine hydrochloride, 40 mg of pyridoxal hydrochloride, 8 mg
of pyridoxamine dihydrochloride, and 2 mg of folic acid in a mixture of water and
neutralized alcohol (3:1) to make 400 mL. Store, protected from light, in a refrigerator.
Basal medium stock solution: Prepare the medium according to the following formula and
directions. A dehydrated mixture containing the same ingredients may be used provided
that, when constituted as directed in the labeling, it yields a medium comparable to that
obtained from the formula given herein.
Add the ingredients in the order listed, carefully dissolving cystine and tryptophan in the
hydrochloric acid before adding the next eight solutions in the resulting solution. Add 100
mL of water, and dissolve the dextrose, sodium acetate, and ascorbic acid. Filter, if
necessary. Add the Polysorbate 80 solution, adjust with 1 N sodium hydroxide to a pH of
between 5.5 and 6.0, and dilute with Purified Water to 250 mL.
Table 2
l-Cystine
0.1 g
l-Tryptophan
0.05 g
1 N hydrochloric acid
10 mL
Adenine–guanine–uracil solution5 mL
Xanthine solution
5 mL
Vitamin solution A
10 mL
Vitamin solution B
10 mL
Salt solution A
5 mL
Salt solution B
5 mL
Asparagine solution
5 mL
Acid-hydrolyzed casein solution25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Ascorbic acid
1g
Polysorbate 80 solution
5 mL
Tomato juice preparation: Centrifuge commercially canned tomato juice so that most of
the pulp is removed. Suspend 5 g/L of analytical filter aid in the supernatant and pass,
with the aid of reduced pressure, through a layer of the filter aid. Repeat, if necessary,
until a clear, straw-colored filtrate is obtained. Store under toluene in a refrigerator.
Culture medium: [Note—A dehydrated mixture containing the same ingredients may be
used provided that, when constituted as directed in the labeling, it yields a medium
equivalent to that obtained from the formula given herein.] Dissolve 0.75 g of yeast
extract, 0.75 g of dried peptone, 1.0 g of anhydrous dextrose, and 0.20 g of monobasic
potassium phosphate in 60–70 mL of water. Add 10 mL of Tomato juice preparation and 1
mL of Polysorbate 80 solution. Adjust with 1 N sodium hydroxide to a pH of 6.8, and dilute
with water to 100 mL. Place 10-mL portions of the solution in test tubes, and plug with
cotton. Sterilize the tubes and contents in an autoclave at 121 for 15 min. Cool as
rapidly as possible to avoid color formation resulting from overheating the medium.
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Suspension medium: Dilute a measured volume of Basal medium stock solution with an
equal volume of water. Place 10-mL portions of the diluted medium in test tubes. Sterilize,
and cool as directed for Culture medium.
Stock culture of Lactobacillus leichmannii: To 100 mL of Culture medium add 1.0–1.5 g
of agar, and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Place 10-mL portions of the hot solution into test tubes, cover the tubes, sterilize at 121
for 15 min in an autoclave (exhaust line temperature), and allow the tubes to cool in an
upright position. Inoculate three or more of the tubes by stab transfer of a pure culture of
Lactobacillus leichmannii.3 [Note—Before first using a fresh culture in this assay, make
NLT 10 successive transfers of the culture in a 2-week period.] Incubate for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Store in a refrigerator.
Prepare fresh stab cultures at least three times each week, and do not use them for
preparing the Inoculum if more than 4 days old. The activity of the microorganism can be
increased by daily or twice-daily transfer of the stab culture, to the point where definite
turbidity in the liquid Inoculum can be observed 2–4 h after inoculation. A slow-growing
culture seldom gives a suitable response curve and may lead to erratic results.
Inoculum: [Note—A frozen suspension of Lactobacillus leichmannii may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.] Make a
transfer of cells from the Stock culture of Lactobacillus leichmannii to two sterile tubes
containing 10 mL each of the Culture medium. Incubate these cultures for 16–24 h at a
temperature between 30 and 40 held constant to within ±0.5 . Under aseptic conditions
centrifuge the cultures, and decant the supernatant. Suspend the cells from the culture in
5 mL of sterile Suspension medium, and combine. Using sterile Suspension medium, adjust
the volume so that a 1-in-20 dilution in saline TS produces 70% transmittance when read
on a suitable spectrophotometer that has been set at a wavelength of 530 nm, equipped
with a 10-mm cell, and read against saline TS set at 100% transmittance. Prepare a 1-in400 dilution of the adjusted suspension, using Basal medium stock solution. The cell
suspension so obtained is the Inoculum. [Note—This dilution may be altered, when
necessary, to obtain the desired test response.]
Calibration of spectrophotometer: Check the wavelength of the spectrophotometer
periodically, using a standard wavelength cell or other suitable device. Before reading any
tests, calibrate the spectrophotometer for 0% and 100% transmittance, using water and
with the wavelength set at 530 nm.
Analysis
Samples: Standard solution and Sample solution
Because of the high sensitivity of the test organism to minute amounts of vitamin B12
activity and to traces of many cleansing agents, cleanse meticulously by suitable means,
followed preferably by heating at 250 for 2 h, using hard-glass 20-mm × 150-mm test
tubes and other necessary glassware.
To separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, 4.0, and 5.0 mL of the
Standard solution. To each of these tubes and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, 1.0, 1.5, 2.0, 3.0, and 4.0 mL of the
Sample solution. To each tube add 5.0 mL of Basal medium stock solution and sufficient
water to make 10 mL. Place one complete set of Standard and sample tubes together in
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one tube rack and the duplicate set in a second rack or section of a rack, preferably in
random order.
Cover the tubes to prevent bacterial contamination, and sterilize in an autoclave at 121
for 5 min, arranging to reach this temperature in NMT 10 min by preheating the autoclave
if necessary. Cool as rapidly as possible to avoid color formation resulting from overheating
the medium. Take precautions to maintain uniformity of sterilizing and cooling conditions
throughout the assay, because packing the tubes too closely in the autoclave or
overloading it may cause variation in the heating rate.
Aseptically add 0.5 mL of Inoculum to each tube so prepared, except two of the four
containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 40 , held constant to within ±0.5 , for 16–24 h.
Terminate growth by heating to a temperature NLT 80 for 5 min. Cool to room
temperature. After agitating contents, place the container in a spectrophotometer that
has been set at a wavelength of 530 nm, and read the transmittance when a steady
state is reached. This steady state is observed a few seconds after agitation when the
reading remains constant for 30 s or more. Allow approximately the same time interval for
the reading on each tube.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
the inoculated blank. If the difference is greater than 5%, or if there is evidence of
contamination with a foreign microorganism, disregard the results of the assay.
With the transmittance set at 100% for the uninoculated blank, read the transmittance of
each of the remaining tubes. Disregard the results of the assay if the slope of the
standard curve indicates a problem with sensitivity.
Calculation: Prepare a standard concentration-response curve by the following
procedure. Test for and replace any aberrant individual transmittances. For each level of
the Standard, calculate the response from the sum of the duplicate values of the
transmittances (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that falls within the range
of the lowest and highest points plotted for the Standard. Subtract from each logarithm
so obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution.
Determine the quantity, in µg, of USP Cyanocobalamin RS corresponding to the
cyanocobalamin in each mg of the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of µg of cyanocobalamin assumed to be present in each mg in the portion of
Tablets taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
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mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , Confidence Intervals for Individual Assays). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of cyanocobalamin
(C63 H88 CoN14 O14 P)
• Folic Acid, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Reagent A: 25% solution of tetrabutylammonium hydroxide in methanol
Reagent B: Transfer 5.0 g of pentetic acid to a 50-mL volumetric flask. Using sonication if
necessary, dissolve in and dilute with 1 N sodium hydroxide to volume.
Mobile phase: 2 g of monobasic potassium phosphate in 650 mL of water. Add 12.0 mL of
Reagent A, 7.0 mL of 3 N phosphoric acid, and 240 mL of methanol. Cool to room
temperature, adjust with phosphoric acid or ammonia TS to a pH of 7.0, dilute with water
to 1000 mL, and filter. Recheck the pH before use. [Note—The methanol and water
content may be varied (between 1% and 3%) by adding water or methanol to the
prepared Mobile phase to obtain baseline separation of folic acid and the internal
standard. The pH may be increased up to 7.15 to obtain better separation.]
Internal standard solution: Transfer 40 mg of methylparaben to a 1000-mL volumetric
flask, and add 220 mL of methanol to dissolve. Dissolve 2.0 g of monobasic potassium
phosphate in 300 mL of water in a separate beaker, quantitatively transfer this solution to
the flask containing the methylparaben solution, and add an additional 300 mL of water.
Add 19 mL of Reagent A, 7 mL of 3 N phosphoric acid, and 30 mL of Reagent B. Adjust
with ammonia TS to a pH of 9.8, bubble nitrogen through the solution for 30 min, dilute
with water to volume, and mix.
Standard solution: 0.016 mg/mL of USP Folic Acid RS in Internal standard solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 0.4 mg of folic acid, to a 50-mL amber-colored
centrifuge tube. Add 25.0 mL of Internal standard solution, shake by mechanical means
for 10 min, and centrifuge. Filter a portion of the clear supernatant, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for folic acid and methylparaben are about 0.8 and 1.0,
respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
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Measure the peak areas for folic acid and methylparaben. Calculate the percentage of the
labeled amount of folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of folic acid to methylparaben from the Sample solution
R=
S peak area ratio of folic acid to methylparaben from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Folic Acid, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: Dissolve 7.5 g of edetate disodium, with stirring, in 500 mL of water containing
10 mL of ammonium hydroxide.
Diluent: 60 µg/mL of ammonium hydroxide
Mobile phase: Transfer 0.4 mL of triethylamine, 15 mL of glacial acetic acid, and 350 mL of
methanol to a 2000-mL volumetric flask, and dilute with 0.008 M sodium 1hexanesulfonate to volume.
Standard stock solution: 60 µg/mL of USP Folic Acid RS in Diluent. Prepare this solution
fresh daily.
Standard solution: Mix 5.0 mL of Standard stock solution with 10.0 mL of methanol and
35.0 mL of Reagent, shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to a nominal
amount of 0.3 mg of folic acid, to a 125-mL stoppered flask. Add 10.0 mL of methanol and
35.0 mL of Reagent. Shake for 15 min in a water bath maintained at 60 , and cool. Filter,
discarding the first few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the major peaks. Calculate the percentage of the labeled amount of
folic acid (C19 H19 N7 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
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rS= peak area from the Standard solution
C=
S concentration of USP Folic Acid RS in the Standard solution (µg/mL)
C=
U nominal concentration of folic acid in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of folic acid (C19 H19 N7 O6 )
• Calcium Pantothenate, Method 1
Mobile phase: Phosphoric acid and water (1:1000)
Internal standard solution: 80 mg of p-hydroxybenzoic acid in 3 mL of alcohol. Add 50 mL
of water and 7.1 g of dibasic sodium phosphate, and dilute with water to 1000 mL. Adjust
with phosphoric acid to a pH of 6.7.
Standard solution: 0.6 mg/mL of USP Calcium Pantothenate RS in Internal standard
solution
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 15 mg of calcium pantothenate, to a centrifuge tube.
Add 25.0 mL of the Internal standard solution, and shake vigorously for 10 min.
Centrifuge, filter, and use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 3.9-mm × 15-cm; packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for calcium pantothenate and p-hydroxybenzoic acid
are about 0.5 and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak responses for calcium pantothenate and the internal standard.
Calculate the percentage of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the Sample
solution
R=
S peak response ratio of calcium pantothenate to p-hydroxybenzoic acid from the
Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 2
Standard stock solution: Dissolve 50 mg of USP Calcium Pantothenate RS, previously dried
and stored in the dark over phosphorus pentoxide while protected from absorption of
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moisture during the weighing, in 500 mL of water in a 1000-mL volumetric flask. Add 10 mL
of 0.2 N acetic acid and 100 mL of sodium acetate solution (1 in 60), and dilute with
water to volume, to obtain a concentration of 50 µg/mL of USP Calcium Pantothenate RS.
Store under toluene in a refrigerator.
Standard solution: On the day of the assay, dilute a volume of Standard stock solution
with water to obtain a concentration of 0.01–0.04 µg/mL of calcium pantothenate, the
exact concentration being such that the responses obtained as directed in Analysis, 2.0–
4.0 mL of the Standard solution being used, are within the linear portion of the logconcentration response curve.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 50 mg of calcium pantothenate, to a 1000-mL
volumetric flask containing 500 mL of water. Add 10 mL of 0.2 N acetic acid and 100 mL of
sodium acetate solution (16.66 mg/mL), dilute with water to volume, and filter. Dilute a
volume of this solution to obtain a solution with approximately the same concentration as
that of the Standard solution.
Acid-hydrolyzed casein solution: Mix 100 g of vitamin-free casein with 500 mL of 6 N
hydrochloric acid, and reflux the mixture for 8–12 h. Remove the hydrochloric acid from
the mixture by distillation under reduced pressure until a thick paste remains. Redissolve
the resulting paste in water, adjust the solution with 1 N sodium hydroxide to a pH of 3.5
± 0.1, and dilute with water to 1000 mL. Add 20 g of activated charcoal, stir for 1 h, and
filter. Repeat the treatment with activated charcoal. Store under toluene in a cool place
at a temperature NLT 10 . Filter the solution if a precipitate forms during storage.
Cystine–tryptophan solution: Suspend 4.0 g of l-cystine and 1.0 g of l-tryptophan (or
2.0 g of d,l-tryptophan) in 700–800 mL of water, heat to 70 –80 , and add dilute
hydrochloric acid (1 in 2) dropwise, with stirring, until the solids are dissolved. Cool, and
dilute with water to 1000 mL. Store under toluene in a cool place at a temperature NLT 10
.
Adenine–guanine–uracil solution: Dissolve 200 mg each of adenine sulfate, guanine
hydrochloride, and uracil, with the aid of heat, in 10 mL of 4 N hydrochloric acid. Cool, and
dilute with water to 200 mL. Store under toluene in a refrigerator.
Polysorbate 80 solution: 100 mg/mL of polysorbate 80 in alcohol
Riboflavin–thiamine hydrochloride–biotin solution: 20 µg/mL of riboflavin, 10 µg/mL of
thiamine hydrochloride, and 0.04 µg/mL of biotin in 0.02 N acetic acid. Store under
toluene, protected from light, in a refrigerator.
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution: 10 µg/mL of paminobenzoic acid, 50 µg/mL of niacin, and 40 µg/mL of pyridoxine hydrochloride in a
mixture of neutralized alcohol and water (1:3). Store in a refrigerator.
Salt solution A: Dissolve 25 g of monobasic potassium phosphate and 25 g of dibasic
potassium phosphate in water to make 500 mL. Add 5 drops of hydrochloric acid. Store
under toluene.
Salt solution B: Dissolve 10 g of magnesium sulfate, 0.5 g of sodium chloride, 0.5 g of
ferrous sulfate, and 0.5 g of manganese sulfate in water to make 500 mL. Add 5 drops of
hydrochloric acid. Store under toluene.
Basal medium stock solution: Dissolve the anhydrous dextrose and anhydrous sodium
acetate in the solutions previously mixed according to Table 3, and adjust with 1 N sodium
hydroxide to a pH of 6.8. Dilute with water to 250 mL.
Table 3
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Table 3
Acid-hydrolyzed casein solution
25 mL
Cystine–tryptophan solution
25 mL
Polysorbate 80 solution
0.25 mL
Dextrose, anhydrous
10 g
Sodium acetate, anhydrous
5g
Adenine–guanine–uracil solution
5 mL
Riboflavin–thiamine hydrochloride–biotin solution
5 mL
p-Aminobenzoic acid–niacin–pyridoxine hydrochloride solution 5 mL
Salt solution A
5 mL
Salt solution B
5 mL
Stock culture of Lactobacillus plantarum: Dissolve 2.0 g of yeast extract in 100 mL of
water; add 500 mg of anhydrous dextrose, 500 mg of anhydrous sodium acetate, and 1.5
g of agar; and heat the mixture on a steam bath, with stirring, until the agar dissolves.
Add 10-mL portions of the hot solution to the test tubes, close or cover the tubes,

sterilize in an autoclave at 121 , and allow the tubes to cool in an upright position.
Prepare stab cultures in three or more of the tubes, using a pure culture of Lactobacillus
plantarum4 , incubating for 16–24 h at a temperature between 30 and 37 held constant
to within ±0.5 . Store in a refrigerator. Prepare a fresh stab of the stock culture every
week, and do not use for Inoculum if the culture is more than 1 week old.
Culture medium: To each of a series of test tubes containing 5.0 mL of Basal medium
stock solution add 5.0 mL of water containing 0.2 µg of calcium pantothenate. Plug the
tubes with cotton, sterilize in an autoclave at 121 , and cool.
Inoculum: [Note—A frozen suspension of Lactobacillus plantarum may be used as the
stock culture, provided it yields an Inoculum comparable to a fresh culture.]Make a
transfer of cells from the Stock culture of Lactobacillus plantarum to a sterile tube
containing 10 mL of Culture medium. Incubate this culture for 16–24 h at a temperature
between 30 and 37 held constant to within ±0.5 . The cell suspension so obtained is
the Inoculum.
Analysis
Samples: Standard solution and Sample solution
To similar separate test tubes add, in duplicate, 1.0 and/or 1.5, 2.0, 3.0, 4.0, and 5.0 mL
of the Standard solution. To each tube and to four similar empty tubes add 5.0 mL of
Basal medium stock solution and sufficient water to make 10 mL.
To similar separate test tubes add, in duplicate, volumes of the Sample solution
corresponding to three or more of the levels specified for the Standard solution, including
the levels of 2.0, 3.0, and 4.0 mL. To each tube add 5.0 mL of the Basal medium stock
solution and sufficient water to make 10 mL. Place one complete set of Standard and
sample tubes together in one tube rack and the duplicate set in a second rack or section
of a rack, preferably in random order.
Cover the tubes of both series to prevent contamination, and sterilize in an autoclave at
121 for 5 min. Cool, and add 1 drop of Inoculum to each tube, except two of the four
tubes containing no Standard solution (the uninoculated blanks). Incubate the tubes at a
temperature between 30 and 37 , held constant to within ±0.5 , until, following 16–24 h
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of incubation, there has been no substantial increase in turbidity in the tubes containing
the highest level of Standard during a 2-h period.
Determine the transmittance of the tubes in the following manner. Mix the contents of
each tube, and transfer to an optical container if necessary. Place the container in a
spectrophotometer that has been set at a specific wavelength between 540 and 660 nm,
and read the transmittance when a steady state is reached. This steady state is
observed a few seconds after agitation when the galvanometer reading remains constant
for 30 s or more. Allow approximately the same time interval for the reading on each tube.
With the transmittance set at 1.00 for the uninoculated blank, read the transmittance of
the inoculated blank. With the transmittance set at 1.00 for the inoculated blank, read
the transmittance for each of the remaining tubes. If there is evidence of contamination
with a foreign microorganism, disregard the result of the assay.
Calculation: Prepare a standard concentration-response curve as follows. For each level
of the Standard, calculate the response from the sum of the duplicate values of the
transmittance (S) as the difference, y = 2.00 S. Plot this response on the ordinate of
cross-section paper against the logarithm of the mL of Standard solution per tube on
the abscissa, using for the ordinate either an arithmetic or a logarithmic scale,
whichever gives the better approximation to a straight line. Draw the straight line or
smooth curve that best fits the plotted points.
Calculate the response, y, adding together the two transmittances for each level of the
Sample solution. Read from the standard curve the logarithm of the volume of the
Standard solution corresponding to each of those values of y that fall within the range
of the lowest and highest points plotted for the Standard. Subtract from each logarithm
so obtained the logarithm of the volume, in mL, of the Sample solution to obtain the
difference, X, for each dosage level. Average the values of X for each of three or more
dosage levels to obtain X, which equals the log-relative potency, M¢, of the Sample
solution.
Determine the quantity, in mg, of USP Calcium Pantothenate RS corresponding to the
calcium pantothenate in each mg of the portion of Tablets taken:
antilog M = antilog (M¢ + log R)
R= number of mg of calcium pantothenate assumed to be present in each mg in the
portion of Tablets taken
Replication: Repeat the entire determination at least once, using separately prepared
Sample solutions. If the difference between the two log-potencies M is NMT 0.08, their
mean, M, is the assayed log-potency of the test material (see Design and Analysis of
Biological Assays 111 , The Confidence Interval and Limits of Potency). If the two
determinations differ by more than 0.08, conduct one or more additional determinations.
From the mean of two or more values of M that do not differ by more than 0.15,
compute the mean potency of the preparation under assay.
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Calcium Pantothenate, Method 3
Buffer solution: 5.0 mg/mL of monobasic potassium phosphate in water. Adjust with
phosphoric acid to a pH of 3.5.
Mobile phase: Methanol and Buffer solution (1:9)
Standard stock solution: 0.25 mg/mL of USP Calcium Pantothenate RS in water. Prepare
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fresh every 4 weeks. Store in a refrigerator.
Standard solution: 40 µg/mL of USP Calcium Pantothenate RS from Standard stock
solution diluted with water
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 10 mg of calcium pantothenate, to a 250-mL volumetric
flask. Add 10 mL of methanol, and swirl the flask to disperse. Dilute with water to volume,
mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 5-µm packing L1
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for calcium pantothenate. Calculate the percentage of the
labeled amount of calcium pantothenate (C18 H32 CaN2 O10 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Calcium Pantothenate RS in the Standard solution (mg/mL)
C=
U nominal concentration of calcium pantothenate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of calcium pantothenate
(C18 H32 CaN2 O10 )
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 1
[Note—Use low-actinic glassware throughout this procedure.]
Diluent: Acetonitrile, glacial acetic acid, and water (5:1:94)
Mobile phase: A mixture of methanol, glacial acetic acid, and water (27:1:73) containing
140 mg of sodium 1-hexanesulfonate per 100 mL
Standard solution: [Note—Use USP Niacin RS in place of USP Niacinamide RS for
formulations containing niacin.] Transfer 80 mg of USP Niacinamide RS, 20 mg of USP
Pyridoxine Hydrochloride RS, 20 mg of USP Riboflavin RS, and 20 mg of USP Thiamine
Hydrochloride RS to a 200-mL volumetric flask, and add 180 mL of Diluent. Immerse the
flask in a hot water bath maintained at 65 –70 for 10 min with regular shaking, or using a
vortex mixer, until all the solid materials are dissolved. Chill rapidly in a cold water bath for
10 min to room temperature, and dilute with Diluent to volume.
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to a nominal amount of 10 mg of niacinamide and 2.5 mg each of pyridoxine
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hydrochloride, riboflavin, and thiamine hydrochloride, to a 50-mL centrifuge tube. Add 25.0
mL of Diluent, and mix using a vortex mixer for 30 s to completely suspend the powder.
Immerse the centrifuge tube in a hot water bath maintained at 65 –70 , heat for 5 min,
and mix on a vortex mixer for 30 s. Return the tube to the hot water bath, heat for
another 5 min, and mix on a vortex mixer for 30 s. Filter a portion of the solution, cool to
room temperature, and use the clear filtrate. [Note—Use the filtrate within 3 h of
filtration.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 3.9-mm × 30-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution. [Note—Record the peak areas.]
[Note—The relative retention times for niacinamide, pyridoxine, riboflavin, and thiamine are
about 0.3, 0.5, 0.8, and 1.0, respectively.]
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin or niacinamide, pyridoxine, riboflavin, and thiamine.
Calculate the percentage of the labeled amount of niacinamide (C6 H6 N2 O) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacinamide from the Sample solution
rS= peak area of niacinamide from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
For formulations containing niacin:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin from the Sample solution
rS= peak area of niacin from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacinamide (C6 H6 N2 O),
niacin (C6 H5 NO2 ), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and
thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
• Niacin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: Transfer 1 mL of glacial acetic acid and 2.5 g of edetate disodium to a 100-mL
volumetric flask. Dissolve in and dilute with water to volume.
Extraction solvent: Solution A and methanol (3:1)
Mobile phase: 0.1 M sodium acetate solution (13.6 mg/mL of sodium acetate in water).
Adjust with acetic acid to a pH of 5.4. [Note—A small amount of methanol (up to 1%) may
be added to the Mobile phase to improve resolution.]
Standard stock solution: 1 mg/mL of USP Niacin RS in Extraction solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Sample solution: [Note—This preparation is suitable for the determination of niacin or
niacinamide, pyridoxine, and riboflavin, when present in the formulation.] Finely powder
NLT 20 Tablets. Transfer a portion of the powder, equivalent to a nominal amount of 2 mg
of riboflavin, to a 200-mL volumetric flask. If riboflavin is not present in the formulation,
transfer a portion of the powder equivalent to a nominal amount of 2 mg of pyridoxine. If
pyridoxine is not present in the formulation, transfer a portion of the powder equivalent to
a nominal amount of 20 mg of niacin or niacinamide. Add 100.0 mL of Extraction solvent,
and mix for 20 min, using a wrist-action shaker. Immerse the flask in a water bath
maintained at 70 –75 , and heat for 20 min. Mix on a vortex mixer for 30 s, cool to room
temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
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Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
[Note—If necessary, flush the column with methanol between injections.]
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacin. Calculate the percentage of the labeled amount of
niacin (C6 H5 NO2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacin RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 )
• Niacinamide, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, Standard stock solution, Standard solution,
Sample solution, and Chromatographic system: Using USP Niacinamide RS in place of
USP Niacin RS, proceed as directed in Niacin, Method 2.
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for niacinamide. Calculate the percentage of the labeled amount
of niaciniamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacinamide in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of niaciniamide (C6 H6 N2 O)
• Pyridoxine Hydrochloride, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent, Mobile phase, and Sample solution: Prepare as directed in Niacin,
Method 2.
Standard stock solution: 0.1 mg/mL of USP Pyridoxine Hydrochloride RS in Extraction
solvent
Standard solution: Transfer 5.0 mL of Standard stock solution to a 25-mL volumetric flask,
and dilute with Extraction solvent to volume.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for pyridoxine. Calculate the percentage of the labeled amount of
pyridoxine hydrochloride (C8 H11 NO3 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Pyridoxine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of pyridoxine hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl)
• Riboflavin, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Extraction solvent: Prepare as directed in Niacin, Method 2.
Solution A: 6.8 g/L of sodium acetate in water
Mobile phase: Prepare a mixture of Solution A and methanol (13:7). Add 2 mL of
triethylamine per L of the mixture, and adjust with glacial acetic acid to a pH of 5.2.
Standard stock solution: Transfer 20 mg of USP Riboflavin RS to a 200-mL volumetric
flask, and add 180 mL of Extraction solvent. Immerse the flask for 5 min in a water bath
maintained at 65 –75 . Mix well, and repeat if necessary until dissolved. Chill rapidly in a
cold water bath to room temperature, and dilute with Extraction solvent to volume.
Standard solution: Dilute 5.0 mL of Standard stock solution with Extraction solvent to
25.0 mL.
Sample solution: Prepare as directed in Niacin, Method 2.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for riboflavin. Calculate the percentage of the labeled amount of
riboflavin (C17 H20 N4 O6 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Riboflavin RS in the Standard solution (mg/mL)
C=
U nominal concentration of riboflavin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–150.0% of the labeled amount of riboflavin (C17 H20 N4 O6 )
• Thiamine, Method 2
[Note—Use low-actinic glassware throughout this procedure.]
Solution A: 1.88 mg/mL of sodium 1-hexanesulfonate in 0.1% phosphoric acid
Mobile phase: Solution A and acetonitrile (46:9)
Standard stock solution: 0.1 mg/mL of USP Thiamine Hydrochloride RS in 0.2 N
hydrochloric acid
Standard solution: 0.02 mg/mL of USP Thiamine Hydrochloride RS from Standard stock
solution diluted with 0.2 N hydrochloric acid
Sample solution: Weigh and finely powder NLT 20 Tablets. Mix a portion of the powdered
Tablets with a volume of 0.2 N hydrochloric acid to obtain a nominal concentration of 0.02
mg/mL of thiamine. Shake for 15 min with a wrist-action shaker, and heat to boiling for 30
min. Cool to room temperature, and filter. Use the clear filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas for the major peaks. For products containing thiamine hydrochloride,
calculate the percentage of the labeled amount of thiamine hydrochloride
(C12 H17 ClN4 OS·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
C=
S concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
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C=
U nominal concentration of thiamine hydrochloride in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of thiamine as thiamine
hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate (C12 H17 N5 O4 S)
• Niacin or Niacinamide, Pyridoxine Hydrochloride, Riboflavin, and Thiamine, Method 3
[Note—Use low-actinic glassware throughout this procedure.]
Reagent: 25 mg/mL of edetate disodium in water
Mobile phase: Transfer 0.4 mL of triethylamine, 15.0 mL of glacial acetic acid, and 350 mL
of methanol to a 2000-mL volumetric flask. Dilute with 0.008 M sodium 1-hexanesulfonate
to volume.
Standard stock solution: 1.5 mg/mL of USP Niacin RS or USP Niacinamide RS, 0.24 mg/mL
of USP Pyridoxine Hydrochloride RS, 0.08 mg/mL of USP Riboflavin RS, and 0.24 mg/mL of
USP Thiamine Hydrochloride RS in Reagent, with heating if necessary
Standard solution: Transfer 5.0 mL of Standard stock solution to a stoppered 125-mL
flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid (9:1) and 30.0 mL of a
mixture of methanol and ethylene glycol (1:1). Insert the stopper, shake for 15 min in a
water bath maintained at 60 , and cool. Filter, discarding the first few mL of the filtrate.
Sample solution: Weigh and finely powder NLT 20 Tablets. Transfer a portion of the
powder, equivalent to a nominal amount of 7.5 mg of niacin or niacinamide, 1.2 mg of
pyridoxine hydrochloride, 0.4 mg of riboflavin, and 1.2 mg of thiamine hydrochloride, to a
stoppered 125-mL flask. Add 10.0 mL of a mixture of methanol and glacial acetic acid
(9:1) and 30.0 mL of a mixture of methanol and ethylene glycol (1:1). Insert the stopper,
shake for 15 min in a water bath maintained at 60 , and cool. Filter, discarding the first
few mL of the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; packing L7
Column temperature: 50
Flow rate: 2 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the areas of the peaks. Calculate the percentage of the labeled amount of niacin
(C6 H5 NO2 ) or niacinamide (C6 H6 N2 O) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of niacin or niacinamide from the Sample solution
rS= peak area of niacin or niacinamide from the Standard solution
C=
S concentration of USP Niacin RS or USP Niacinamide RS in the Standard solution (mg/mL)
C=
U nominal concentration of niacin or niacinamide in the Sample solution (mg/mL)
Separately calculate the percentage of the labeled amount of pyridoxine hydrochloride
(C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ), and thiamine hydrochloride (C12 H17 ClN4 OS·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of the corresponding vitamin from the Sample solution
rS= peak area of the corresponding vitamin from the Standard solution
C=
S concentration of the relevant USP Reference Standard in the Standard solution (mg/mL)
C=
U nominal concentration of the corresponding vitamin in the Sample solution (mg/mL)
For products containing thiamine mononitrate, calculate the percentage of the labeled
amount of thiamine mononitrate (C12 H17 N5 O4 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of thiamine from the Sample solution
rS= peak area of thiamine from the Standard solution
CS= concentration of USP Thiamine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of thiamine mononitrate in the Sample solution (mg/mL)
Mr1
= molecular weight of thiamine mononitrate, 327.36
Mr2
= molecular weight of thiamine hydrochloride, 337.27
Acceptance criteria: 90.0%–150.0% of the labeled amount of niacin (C6 H5 NO2 ) or
niacinamide (C6 H6 N2 O), pyridoxine hydrochloride (C8 H11 NO3 ·HCl), riboflavin (C17 H20 N4 O6 ),
and thiamine as thiamine hydrochloride (C12 H17 ClN4 OS·HCl) or thiamine mononitrate
(C12 H17 N5 O4 S)
[Note—Commercially available atomic absorption standard solutions for the minerals, where
applicable, may be used where preparation of a Standard stock solution is described in the
following assays. Use deionized water where water is specified. Where atomic absorption
spectrophotometry is specified in the assay, the Standard solutions and the Sample
solution may be diluted quantitatively with the solvent specified, if necessary, to yield
solutions of suitable concentrations adaptable to the linear or working range of the
instrument.]
• Calcium, Method 1
Lanthanum chloride solution: 267 mg/mL of lanthanum chloride heptahydrate in 0.125 N
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hydrochloric acid
Calcium standard solution: 400 µg/mL of calcium. Dissolve 1.001 g of calcium carbonate,
previously dried at 300 for 3 h and cooled in a desiccator for 2 h, in 25 mL of 1 N
hydrochloric acid. Boil to expel carbon dioxide, and dilute with water to 1000 mL.
Standard stock solution: 100 µg/mL of calcium from Calcium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Into separate 100-mL volumetric flasks pipet 1.0, 1.5, 2.0, 2.5, and
3.0 mL of the Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with water to volume to obtain concentrations of 1.0, 1.5, 2.0, 2.5,
and 3.0 µg/mL of calcium.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 5 Tablets, to a porcelain crucible. Heat the crucible in a muffle furnace
maintained at 550 for 6–12 h, and cool. Add 60 mL of hydrochloric acid, and boil gently
on a hot plate or steam bath for 30 min, intermittently rinsing the inner surface of the
crucible with 6 N hydrochloric acid. Cool, and quantitatively transfer the contents of the
crucible to a 100-mL volumetric flask. Rinse the crucible with small portions of 6 N
hydrochloric acid, and add the rinsings to the flask. Dilute with water to volume, and filter,
discarding the first 5 mL of the filtrate. Dilute this solution, quantitatively, with 0.125 N
hydrochloric acid to obtain a nominal concentration of 2 µg/mL of calcium, adding 1 mL of
Lanthanum chloride solution per 100 mL of the final volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Calcium hollow-cathode
Flame: Nitrous oxide–acetylene
Analytical wavelength: Calcium emission line at 422.7 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg per mL, of calcium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL of calcium in the Sample solution.
Calculate the percentage of the labeled amount of calcium (Ca) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of calcium in the Sample solution (µg/mL)
C=
U nominal concentration of calcium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca)
• Chromium, Method 1
Chromium standard solution: 1000 µg/mL of chromium from potassium dichromate,
previously dried at 120 for 4 h, in water. Store in a polyethylene bottle.
Standard stock solution: 10 µg/mL of chromium from Chromium standard solution diluted
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with 6 N hydrochloric acid and water (1 in 20)
Standard solutions: Transfer 10.0 and 20.0 mL of the Standard stock solution to separate
100-mL volumetric flasks, and transfer 15.0 and 20.0 mL of the Standard stock solution to
separate 50-mL volumetric flasks. Dilute the contents of each of the four flasks with
0.125 N hydrochloric acid to volume to obtain concentrations of 1.0, 2.0, 3.0, and 4.0
µg/mL of chromium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 1 µg/mL of chromium and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Chromium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Chromium emission line at 357.9 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of chromium, and draw the
straight line best fitting the four plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL of chromium in the Sample solution.
Calculate the percentage of the labeled amount of chromium (Cr) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of chromium in the Sample solution (µg/mL)
C=
U nominal concentration of chromium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of chromium (Cr)
• Copper, Method 1
Copper standard solution: Dissolve 1.00 g of copper foil in a minimum volume of a 50%
(v/v) solution of nitric acid, and dilute with a 1% (v/v) solution of nitric acid to 1000 mL.
This solution contains 1000 µg/mL of copper.
Standard stock solution: 100 µg/mL of copper from Copper standard solution diluted with
0.125 N hydrochloric acid
Standard solutions: To separate 200-mL volumetric flasks transfer 1.0, 2.0, 4.0, 6.0, and
8.0 mL of the Standard stock solution. Dilute with water to volume to obtain
concentrations of 0.5, 1.0, 2.0, 3.0, and 4.0 µg/mL of copper.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain 2 µg/mL of copper and omit the use of the Lanthanum chloride
solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Lamp: Copper hollow-cathode
Flame: Air–acetylene

851 .)
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Analytical wavelength: Copper emission line at 324.7 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions, using the Blank. Plot the absorbances of the
Standard solutions versus the concentration in µg/mL of copper, and draw the straight
line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL of copper in the Sample solution.
Calculate the percentage of the labeled amount of copper (Cu) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of copper in the Sample solution (µg/mL)
C=
U nominal concentration of copper in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of copper (Cu)
• Fluoride, Method 1
[Note—Store all solutions in plastic containers.]
3 M sodium acetate solution: Dissolve 408 g of sodium acetate in 600 mL of water in a
1000-mL volumetric flask. Allow the solution to equilibrate to room temperature, and dilute
with water to volume. Adjust with a few drops of acetic acid to a pH of 7.0.
Sodium citrate solution: Dissolve 222 g of sodium citrate in 250 mL of water in a 1000-mL
volumetric flask. Add 28 mL of perchloric acid, and dilute with water to volume.
Fluoride standard stock solution: 500 µg/mL of fluoride from a quantity of sodium
fluoride, previously dried at 100 for 4 h and cooled in a desiccator, in water
Intermediate stock solution A: 100 µg/mL of fluoride from Fluoride standard stock
solution diluted with water
Intermediate stock solution B: 10 µg/mL of fluoride from Fluoride standard stock solution
diluted with water
Standard solutions: To five separate 100-mL volumetric flasks transfer 3.0, 5.0, and 10.0
mL of Intermediate stock solution B and 5.0 and 10.0 mL of Intermediate stock solution A.
To each flask add 10.0 mL of 1 N hydrochloric acid, 25 mL of 3 M sodium acetate solution,
and 25.0 mL of Sodium citrate solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 0.3, 0.5, 1.0, 5.0, and 10.0 µg/mL of fluoride.
Sample solution: Transfer a quantity of the finely powdered Tablets, equivalent to a
nominal amount of 200 µg of fluoride, to a 100-mL volumetric flask. Add 10.0 mL of 1 N
hydrochloric acid, 25.0 mL of 3 M sodium acetate solution, and 25.0 mL of Sodium citrate
solution, and dilute with water to 100 mL.
Analysis
Samples: Standard solutions and Sample solution
To separate plastic beakers, each containing a plastic-coated stirring bar, transfer 50.0
mL each of the Standard solutions and the Sample solution. Measure the potentials (see
pH 791 ), in mV, of the Standard solutions and the Sample solution with a pH meter
capable of a minimum reproducibility of ±0.2 mV and equipped with a fluoride-specific ionindicating electrode and a calomel reference electrode. [Note—When taking
measurements, immerse the electrodes in the solution, stir on a magnetic stirrer with an
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insulated top until equilibrium is attained (1–2 min), and record the potential. Rinse and
dry the electrodes between measurements, taking care to avoid damaging the crystal of
the specific-ion electrode.]
Plot the logarithms of fluoride concentrations, in µg/mL, of the Standard solutions versus
the potential in mV. From the standard response curve so obtained and the measured
potential of the Sample solution, determine the concentration, C, in µg/mL of fluoride in
the Sample solution.
Calculate the percentage of the labeled amount of fluorine (F) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of fluoride in the Sample solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
• Fluoride, Method 2
[Note—Use plastic containers and deionized water throughout this procedure.]
pH 10.0 buffer: Add 214 mL of 0.1 N sodium hydroxide to 1000 mL of 0.05 M sodium
bicarbonate.
Mobile phase: Alcohol, 0.1 N sulfuric acid, and water (20:5:175)
Standard stock solution: 220 µg/mL of USP Sodium Fluoride RS in water. This solution
contains 100 µg/mL of fluoride.
Standard solution: [Note—Condition the solid-phase extraction column specified for use in
the Standard solution and the Sample solution in the following manner. Using a vacuum at
a pressure not exceeding 5 mm of mercury, wash the column with 1 column volume of
methanol followed by 1 column volume of pH 10.0 buffer. Do not allow the column top to
dry. If the top of the column becomes dry, recondition the column.] Transfer 10.0 mL of
the Standard stock solution to a 100-mL volumetric flask. Add 75 mL of water, and adjust
with 0.1 N sodium hydroxide to a pH of 10.4 ± 0.1. Dilute with water to volume. Filter,
discarding the first 15 mL of the filtrate. Transfer 25.0 mL of the filtrate to a 50-mL
volumetric flask, add 15.0 mL of water, and adjust with 0.1 N sodium hydroxide to a pH of
10.0. Dilute with pH 10.0 buffer to volume. Elute a portion of this solution through a 3-mL
solid-phase extraction column containing L1 packing that is connected through an adaptor
to a second solid-phase extraction column containing sulfonylpropyl strong cationexchange packing. Discard the first 3 mL of the eluate, and collect the rest of the eluate
in a suitable flask for injection into the chromatograph.
Sample solution: Finely powder NLT 20 Tablets. Transfer a portion of powdered Tablets,
equivalent to a nominal amount of 1 mg of fluorine, to 15 mL of water, and shake
vigorously. Rinse the sides of the flask with 15 mL of water, and allow to stand for 10 min.
Dilute with water to 85 mL, adjust with 1 N sodium hydroxide to a pH of 10.4 ± 0.1, and
dilute with water to 100 mL. Proceed as directed for the Standard solution, beginning with
“Filter, discarding the first 15 mL of the filtrate.”
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Conductivity
Guard column: 4.6-mm × 3-cm; packing L17
Analytical column: 7.8-mm × 30-cm; packing L17
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Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Measure the peak areas for fluoride. Calculate the percentage of the labeled amount of
fluorine (F) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of fluoride in the Standard solution (µg/mL)
C=
U nominal concentration of fluorine in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of fluorine (F)
Change to read:
• Iodide, Method 1
2S (USP36)

Bromine water: To 20 mL of bromine in a glass-stoppered bottle add 100 mL of water.
Insert the stopper into the bottle, and shake. Allow to stand for 30 min, and use the
supernatant.
Analysis
Sample: Tablets
Transfer a portion of finely powdered Tablets, equivalent to a nominal amount of 3 mg of
iodide, to a nickel crucible. Add 5 g of sodium carbonate, 5 mL of 50% (w/v) sodium
hydroxide solution, and 10 mL of alcohol, taking care that the entire specimen is
moistened. Heat the crucible on a steam bath to evaporate the alcohol, then dry the
crucible at 100 for 30 min to prevent spattering upon subsequent heating. Transfer the
crucible with its contents to a furnace heated to 500 , and heat the crucible for 15 min.
[Note—Heating at 500 is necessary to carbonize any organic matter present; a higher
temperature may be used, if necessary, to ensure complete carbonization of all organic
matter.] Cool the crucible, add 25 mL of water, cover the crucible with a watchglass, and
boil gently for 10 min. Filter the solution, and wash the crucible with boiling water,
collecting the filtrate and washings in a beaker. Add phosphoric acid until the solution is
neutral to methyl orange, then add 1 mL excess of phosphoric acid. Add excess of
Bromine water, and boil the solution gently until colorless and then for 5 min longer. Add a
few crystals of salicylic acid, and cool the solution to 20 . Add 1 mL of phosphoric acid
and 0.5 g of potassium iodide, and titrate the liberated iodine with 0.005 N sodium
thiosulfate VS, adding starch TS when the liberated iodine color has nearly disappeared.
Calculate the percentage of the labeled amount of iodine (I) in the portion of Tablets
taken:
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Result = V × NA × F × Ime × (Aw/W) × (100/L)
V = volume of sodium thiosulfate consumed (mL)
NA= actual normality of the sodium thiosulfate solution used (meq/mL)
F = correction factor to convert mg to µg, 1000 µg/mg
Ime
= milliequivalent of I, 21mg/meq
Aw= average weight of the Tablets
W= weight of the portion of Tablets taken
L = labeled amount of iodine (µg/Tablet)
Acceptance criteria: 90.0%–160.0% of the labeled amount of iodine (I)
Delete the following:
• Iodide, Method 2: Proceed as directed in Automated Methods of Analysis 16 , Assay for
Iodide.
Acceptance criteria: 90%–160% of the labeled amount of iodine (I) 2S (USP36)
• Iron, Method 1
Iron standard stock solution: Transfer 100 mg of iron powder to a 1000-mL volumetric
flask. Dissolve in 25 mL of 6 N hydrochloric acid, dilute with water to volume, and mix.
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 4.0, 5.0, 6.0, and
8.0 mL of Iron standard stock solution. Dilute the contents of each flask with water to
volume to obtain concentrations of 2.0, 4.0, 5.0, 6.0, and 8.0 µg/mL of iron.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 5 µg/mL of iron and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Iron hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Iron emission line at 248.3 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of iron, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL of iron in the Sample solution.
Calculate the percentage of the labeled amount of iron (Fe) in the portion of Tablets
taken:
Result = (C/CU) × 100
C= measured concentration of iron in the Sample solution (µg/mL)
C=
U nominal concentration of iron in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of iron (Fe)
• Magnesium, Method 1
Lanthanum chloride solution: Prepare as directed in Calcium, Method 1.
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Magnesium standard solution: Transfer 1.0 g of magnesium ribbon to a 1000-mL
volumetric flask, dissolve in 50 mL of 6 N hydrochloric acid, dilute with water to volume,
and mix to obtain a solution with a concentration of 1000 µg/mL of magnesium.
Standard stock solution: 20 µg/mL of magnesium from Magnesium standard solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 2.5, and
3.0 mL of Standard stock solution. To each flask add 1.0 mL of Lanthanum chloride
solution, and dilute with 0.125 N hydrochloric acid to volume to obtain concentrations of
0.2, 0.3, 0.4, 0.5, and 0.6 µg/mL of magnesium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 0.4 µg/mL of magnesium.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Magnesium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Magnesium emission line at 285.2 nm
Blank: 0.125 N hydrochloric acid containing 1 mL of Lanthanum chloride solution per 100
mL
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of magnesium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL of magnesium in the Sample solution.
Calculate the percentage of the labeled amount of magnesium (Mg) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of magnesium in the Sample solution (µg/mL)
C=
U nominal concentration of magnesium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of magnesium (Mg)
• Manganese, Method 1
Manganese standard stock solution: Transfer a weighed amount of 1.00 g of manganese
to a 1000-mL volumetric flask. Dissolve in 20 mL of nitric acid, dilute with 6 N hydrochloric
acid to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
manganese.
Standard stock solution: 50 µg/mL of manganese from Manganese standard stock solution
diluted with 0.125 N hydrochloric acid
Standard solutions: To separate 100-mL volumetric flasks transfer 1.0, 1.5, 2.0, 3.0, and
4.0 mL of Standard stock solution. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain solutions with concentrations of 0.5, 0.75, 1.0, 1.5,
and 2.0 µg/mL of manganese.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 1 µg/mL of manganese and omit the use of
the Lanthanum chloride solution.
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Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Manganese hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Manganese emission line at 279.5 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of manganese, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of manganese (Mn) in the Sample solution.
Calculate the percentage of the labeled amount of manganese (Mn) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of manganese in the Sample solution (µg/mL)
C=
U nominal concentration of manganese in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of manganese (Mn)
• Molybdenum, Method 1
Diluent: 20 mg/mL of ammonium chloride in water
Molybdenum standard solution: Transfer 1.0 g of molybdenum wire to a 1000-mL
volumetric flask, and dissolve in 50 mL of nitric acid, warming if necessary. Dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
molybdenum.
Standard stock solution: 100 µg/mL of molybdenum from Molybdenum standard solution
diluted with water
Standard solutions: To separate 100-mL volumetric flasks transfer 2.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solution in each flask for 15 min, cool to room temperature, and dilute each with
Diluent to volume to obtain concentrations of 5.0, 10.0, and 25.0 µg/mL of molybdenum.
Sample solution: Transfer a portion of the powder, equivalent to a nominal amount of
1000 µg of molybdenum, to a suitable flask, and add 12 mL of nitric acid. [Note—The
volume of nitric acid may be varied to ensure that the powder is uniformly dispersed.]
Carefully swirl the flask to disperse the test specimen. Sonicate for 10 min, or until the
test specimen is completely dissolved. Gently boil the solution for 15 min, and cool to room
temperature. Carefully add 8 mL of perchloric acid, heat until perchloric acid fumes
appear, and swirl the flask to dissipate the fumes. Repeat the heating and swirling until no
fumes are present. Cool to room temperature. Quantitatively transfer the contents of the
flask to a 100-mL volumetric flask with the aid of Diluent, and dilute with Diluent to
volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: Atomic absorption spectrophotometry
Lamp: Molybdenum hollow-cathode

851 .)
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Flame: Nitrous oxide–acetylene
Analytical wavelength: Molybdenum emission line at 313.3 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL of molybdenum, and draw the
straight line best fitting the three plotted points. From the graph so obtained, determine
the concentration, C, in µg/mL of molybdenum in the Sample solution.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (C/CU) × 100
C= measured concentration of molybdenum in the Sample solution (µg/mL)
C=
U nominal concentration of molybdenum in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Molybdenum, Method 2
Sodium fluoride solution: Add 200 mL of water to 10 g of sodium fluoride, stir until the
solution is saturated, and filter. Store in a polyethylene bottle.
Ferrous sulfate solution: 4.98 mg/mL of ferrous sulfate in water
Potassium thiocyanate solution: 200 mg/mL of potassium thiocyanate in water
20% Stannous chloride solution: Transfer 40 g of stannous chloride to a beaker, add 20
mL 6.5 N hydrochloric acid, and heat the solution until the stannous chloride is dissolved.
Cool, and dilute with water to 100 mL.
Diluted stannous chloride solution: 20% Stannous chloride solution diluted with water (1
in 25). Prepare this solution fresh at the time of use.
Standard solution: 20 µg/mL of molybdenum in water
Sample: A portion of finely powdered Tablets, equivalent to a nominal amount of 40 µg of
molybdenum
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Cell: 1-cm
Analytical wavelength: 465 nm
Blank: Amyl alcohol
Analysis
Samples: Standard solution and Sample

851 .)

Transfer the Sample and 2.0 mL of the Standard solution to separate 200-mL beakers.
Add 20 mL of nitric acid to each beaker. Cover each beaker with a watchglass, and boil
slowly on a hot plate for 45 min. Cool to room temperature. Add 6 mL of perchloric acid,
cover the beakers with a watchglass, and continue the heating until digestion is complete,
as indicated when the liquid becomes colorless or pale yellow. Evaporate the solutions in
the beakers to dryness. Rinse the sides of the beakers and the watchglasses with water,
and add more water to make 50 mL in each beaker. Gently boil the water solution for a
few min. Cool to room temperature. Add 2 drops of methyl orange TS, and neutralize with
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ammonium hydroxide. Add 8.2 mL of hydrochloric acid. Quantitatively transfer the
contents of the beakers to separate 100-mL volumetric flasks, rinse the beakers with
water, transfer the rinsings to the corresponding volumetric flasks, and dilute with water
to volume. Transfer 50.0 mL of each solution to separatory funnels. To each separatory
funnel add 1.0 mL of Sodium fluoride solution, 0.5 mL of Ferrous sulfate solution, 4.0 mL
of Potassium thiocyanate solution, 1.5 mL of 20% Stannous chloride solution, and 15.0 mL
of amyl alcohol, and shake the separatory funnels for 1 min. Allow the layers to separate,
and discard the aqueous layers. Add 25 mL of Diluted stannous chloride solution to each
separatory funnel, and shake gently for 15 s. Allow the layers to separate, and discard
the aqueous layers. Transfer the organic layers from each separatory funnel to a
centrifuge tube, and centrifuge at 2000 rpm for 10 min. Determine the absorbances of the
organic phases from the Standard solution and the Sample, and correct with the Blank.
Calculate the percentage of the labeled amount of molybdenum (Mo) in the portion of
Tablets taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the solution from the Tablets
AS= absorbance of the solution from the Standard solution
V= volume of the Standard solution analyzed, 2.0 mL
CS= concentration of molybdenum in the Standard solution (µg/mL)
M=
U nominal amount of molybdenum in the Sample (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of molybdenum (Mo)
• Phosphorus, Method 1
Sulfuric acid solution: Cautiously add sulfuric acid to water (37.5: 100), and mix.
Ammonium molybdate solution: 50 mg/mL of ammonium molybdate in Sulfuric acid
solution and water (2:3). [Note—Dissolve in water first, then dilute with Sulfuric acid
solution to volume.]
Hydroquinone solution: 5 mg/mL of hydroquinone in water. Add 1 drop of sulfuric acid per
100 mL of solution.
Sodium bisulfite solution: 200 mg/mL of sodium bisulfite in water
Phosphorus standard stock solution: Weigh 4.395 g of monobasic potassium phosphate,
previously dried at 105 for 2 h and stored in a desiccator, and transfer to a 1000-mL
volumetric flask. Dissolve in water, add 6 mL of sulfuric acid as a preservative, dilute with
water to volume, and mix to obtain a solution with a concentration of 1000 µg/mL of
phosphorus.
Standard solution: 20 µg/mL of phosphorus from Phosphorus standard stock solution
diluted with water
Sample solution: [Note—Finely powder and weigh a counted number of Tablets.] Transfer
a portion of the powder, equivalent to a nominal amount of 100 mg of phosphorus, to 25
mL of nitric acid, and digest on a hot plate for 30 min. Add 15 mL of hydrochloric acid, and
continue the digestion to the cessation of brown fumes. Cool, and transfer the contents
of the flask to a 500-mL volumetric flask with the aid of small portions of water. Dilute
with water to volume. Transfer 10.0 mL of this solution to a 100-mL volumetric flask, and
dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis

851 .)
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Cell: 1-cm
Analytical wavelength: 650 nm
Analysis
Samples: Standard solution and Sample solution
To three separate 25-mL volumetric flasks transfer 5.0 mL each of the Standard solution,
the Sample solution, and water to provide the blank. To each of the three flasks add 1.0
mL each of Ammonium molybdate solution, Hydroquinone solution, and Sodium bisulfite
solution, and swirl to mix. Dilute the contents of each flask with water to volume, and
allow the flasks to stand for 30 min. Determine the absorbances of the solutions against
the blank.
Calculate the percentage of the labeled amount of phosphorus (P) in the portion of
Tablets taken:
Result = (AU/AS) × (CS/CU) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of phosphorus in the Standard solution (µg/mL)
C=
U nominal concentration of phosphorus in the Sample solution (µg/mL)
Acceptance criteria: 90%–125% of the labeled amount of phosphorus (P)
• Potassium
Potassium standard solution: 100 µg/mL of potassium from potassium chloride, previously
dried at 105 for 2 h, in water
Standard stock solution: 10 µg/mL of potassium from Potassium standard solution diluted
with 0.125 N hydrochloric acid
Standard solutions: Transfer 5.0, 10.0, 15.0, 20.0, and 25.0 mL of the Standard stock
solution to separate 100-mL volumetric flasks. Dilute the contents of each flask with
0.125 N hydrochloric acid to volume to obtain solutions containing 0.5, 1.0, 1.5, 2.0, and
2.5 µg/mL of potassium.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal amount of 1 µg/mL of potassium and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Potassium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Potassium emission line at 766.5 nm
Blank: Water
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of potassium, and draw the
straight line best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL of potassium in the Sample solution.
Calculate the percentage of the labeled amount of potassium (K) in the portion of Tablets
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taken:
Result = (C/CU) × 100
C= measured concentration of potassium in the Sample solution (µg/mL)
C=
U nominal concentration of potassium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of potassium (K)
• Selenium, Method 1
Diluent: Prepare as directed in Molybdenum, Method 1.
Selenium standard solution: [Caution—Selenium is toxic; handle it with care.] Dissolve
1 g of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2
mL of water, and evaporate to dryness. Repeat the addition of water and the evaporation
to dryness three times. Dissolve the residue in 3 N hydrochloric acid, transfer to a 1000mL volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a
concentration of 1000 µg/mL of selenium.
Standard stock solution: 100 µg/mL of selenium from Selenium standard solution diluted
with water
Standard solutions: To separate 100-mL volumetric flasks transfer 5.0, 10.0, and 25.0 mL
of the Standard stock solution, and add 5.0 mL of perchloric acid to each flask. Gently boil
the solutions for 15 min, cool to room temperature, and dilute each with Diluent to volume
to obtain solutions with concentrations of 5.0, 10.0, and 25.0 µg/mL of selenium.
Sample solution: Transfer a portion of powder, equivalent to a nominal amount of 1000 µg
of selenium, to a suitable flask, and add 12 mL of nitric acid. [Note—The volume of nitric
acid may be varied to ensure that the powder is uniformly dispersed.] Carefully swirl the
flask to disperse the test specimen. Sonicate for 10 min or until the test specimen is
completely dissolved. Gently boil the solution for 15 min, and cool to room temperature.
Carefully add 8 mL of perchloric acid to the flask, heat the flask until perchloric acid fumes
appear, and swirl the flask to dissipate the fumes. Repeat the heating and swirling until
the fumes appear again. Cool to room temperature. Transfer the contents of the flask to a
50-mL volumetric flask with the aid of Diluent, and dilute with Diluent to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Selenium hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Selenium emission line at 196.0 nm
Blank: Diluent and perchloric acid (20:1)
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of selenium, and draw the straight
line best fitting the three plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL, of selenium in the Sample solution.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (C/CU) × 100
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C= measured concentration of selenium in the Sample solution (µg/mL)
C=
U nominal concentration of selenium in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Selenium, Method 2
Hydrochloric acid solution: Hydrochloric acid diluted with water (1 in 10)
50% Ammonium hydroxide solution: Ammonium hydroxide diluted with water (1 in 2)
Reagent A: 9 mg/mL of edetate disodium and 25 mg/mL of hydroxylamine hydrochloride in
water. [Note—Dissolve edetate disodium in a portion of water first, add hydroxylamine
hydrochloride, then dilute with water to volume.]
Reagent B: Transfer 200 mg of 2,3-diaminonaphthalene to a 250-mL separatory funnel,
and add 200 mL of 0.1 N hydrochloric acid. Wash the solution with three 40-mL portions of
cyclohexane, and discard the cyclohexane layer. Filter the solution into a brown bottle,
and cover the solution with a 1-cm layer of cyclohexane. This solution is stable for 1 week
if stored in a refrigerator.
Standard stock solution: [Caution—Selenium is toxic; handle it with care.] Dissolve 1 g
of metallic selenium in a minimum volume of nitric acid. Evaporate to dryness, add 2 mL of
water, and evaporate to dryness. Repeat the addition of water and evaporation to
dryness three times. Dissolve the residue in 3 N hydrochoric acid, transfer to a 1000-mL
volumetric flask, and dilute with 3 N hydrochloric acid to volume to obtain a solution with
a concentration of 1000 µg/mL of selenium. Dilute a volume of the solution with 0.125 N
hydrochloric acid to obtain a concentration of 2.0 µg/mL of selenium.
Standard solution: Transfer 10.0 mL of the Standard stock solution to a glass-stoppered
flask. Add 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution, and dilute with
water to 20 mL.
Sample solution: Transfer a portion of finely powdered Tablets, equivalent to a nominal
amount of 20 µg of selenium, to a suitable flask. Add 10 mL of nitric acid, and warm gently
on a hot plate. Continue heating until the initial nitric acid reaction has subsided, then add
3 mL of perchloric acid. [Caution—Exercise care at this stage, because the perchloric
acid reaction becomes vigorous.] Continue heating on the hot plate until the appearance
of white fumes of perchloric acid or until the digest begins to darken. Add 0.5 mL of nitric
acid, and resume heating, adding additional amounts of nitric acid if further darkening
occurs. Digest for 10 min after the first appearance of perchloric acid fumes or until the
digest becomes colorless. Cool the flask, add 2.5 mL of Hydrochloric acid solution, and
return the flask to the hot plate to expel residual nitric acid. Heat the mixture for 3 min
after it begins to boil. Cool the flask to room temperature, and dilute with water to 20 mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1-cm
Analytical wavelength: 380 nm
Blank: 1 mL of perchloric acid and 1 mL of Hydrochloric acid solution diluted with water
to 20 mL
Analysis
Samples: Standard solution and Sample solution
Treat the Sample solution, Standard solution, and Blank as follows. Add 5 mL of Reagent A
to each flask, and swirl gently to mix. Adjust the solution in each flask with 50%
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Ammonium hydroxide solution to a pH of 1.1 ± 0.1. Add 5 mL of Reagent B to each flask,
and swirl gently to mix. Place the flasks in a water bath maintained at 50 , and equilibrate
for 30 min, taking care that the flasks are covered to protect them from light. Cool to
room temperature, and transfer the contents of each flask to separate separatory
funnels. Transfer 10.0 mL of cyclohexane to each separatory funnel, and extract
vigorously for 1 min. Discard the aqueous layer. Transfer the cyclohexane layer to a
centrifuge tube, and centrifuge at 1000 rpm for 1 min to remove any remaining water.
Determine the absorbances of the solutions from the Samples against the solution from
the Blank.
Calculate the percentage of the labeled amount of selenium (Se) in the portion of Tablets
taken:
Result = (AU/AS) × [(V × CS)/MU] × 100
AU= absorbance of the cyclohexane layer from the Sample solution
AS= absorbance of the cyclohexane layer from the Standard solution
V= volume of the Standard stock solution used to prepare the Standard solution, 10 mL
CS= concentration of selenium in the Standard stock solution (µg/mL)
M=
U nominal amount of selenium in the Sample solution (µg)
Acceptance criteria: 90.0%–160.0% of the labeled amount of selenium (Se)
• Zinc, Method 1
Zinc standard solution: 1000 µg/mL of zinc from zinc oxide dissolved in 5 M hydrochloric
acid (3.89 mg/mL) and diluted with water to final volume. [Note—Dissolve 5 M hydrochloric
acid by warming if necessary, cool, then dilute to final volume.]
Standard stock solution: 50 µg/mL of zinc from Zinc standard stock solution diluted with
0.125 N hydrochloric acid
Standard solutions: Transfer 1.0, 2.0, 3.0, 4.0, and 5.0 mL of the Standard stock solution
to separate 100-mL volumetric flasks. Dilute the contents of each flask with 0.125 N
hydrochloric acid to volume to obtain concentrations of 0.5, 1.0, 1.5, 2.0, and 2.5 µg/mL
of zinc.
Sample solution: Proceed as directed in Calcium, Method 1, except prepare the Sample
solution to contain a nominal concentration of 2 µg/mL of zinc and omit the use of the
Lanthanum chloride solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Lamp: Zinc hollow-cathode
Flame: Air–acetylene
Analytical wavelength: Zinc emission line at 213.8 nm
Blank: 0.125 N hydrochloric acid
Analysis
Samples: Standard solutions and Sample solution
Determine the absorbances of the solutions against the Blank. Plot the absorbances of the
Standard solutions versus the concentration, in µg/mL, of zinc, and draw the straight line
best fitting the five plotted points. From the graph so obtained, determine the
concentration, C, in µg/mL of zinc in the Sample solution.
Calculate the percentage of the labeled amount of zinc (Zn) in the portion of Tablets

PF 38(5): Sep.-Oct. 2012

773

taken:
Result = (C/CU) × 100
C= measured concentration of zinc in the Sample solution (µg/mL)
C=
U nominal concentration of zinc in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–125.0% of the labeled amount of zinc (Zn)
• Boron, Nickel, Tin, and Vanadium, Method 1; Calcium, Chromium, Copper, Iron,
Magnesium, Manganese, Phosphorus, and Zinc, Method 2; Molybdenum and
Selenium, Method 3
Stock aqua regia solution: Prepare a mixture of hydrochloric acid and nitric acid (3:1) by
adding the nitric acid to the hydrochloric acid. [Note—Periodically vent the solution in an
appropriate fume hood.]
Diluent: Prepare a mixture of Stock aqua regia solution and water (1:9) by adding 1 volume
of Stock aqua regia solution to 2 volumes of water. Dilute with additional water to volume,
and mix well.
System suitability solution: Prepare a mixture of 1000 mg/L of yttrium in 5% (v/v) nitric
acid solution and 1000 mg/L of scandium in 5% (v/v) nitric acid solution with Diluent
(1:1:198), and mix.
Standard stock solution 1 (Ca, Cu, Fe, Mg, Mn, P, and Zn): [Note—It is necessary to
include only the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 5% (v/v) nitric acid solution, pipet the
appropriate amount of element standard solution into a volumetric flask, and dilute with
5% (v/v) nitric acid solution to obtain a solution with final concentrations of about 1000
mg/L of calcium, 100 mg/L of copper, 250 mg/L of iron, 500 mg/L of magnesium, 100 mg/L
of manganese, 800 mg/L of phosphorus, and 250 mg/mL of zinc.
Standard stock solution 2 (B, Cr, Mo, Ni, Se, Sn, and V): [Note—It is necessary to include
only the minerals of interest in the solution.] Using commercially available element
standard (single- or multi-element) solutions in 20% (v/v) hydrochloric acid solution, pipet
the appropriate amount of element standard solution into a volumetric flask, and dilute
with 20% (v/v) hydrochloric acid solution to obtain a solution with final concentrations of
about 200 mg/L of boron and 100 mg/L each of chromium, molybdenum, nickel, selenium,
tin, and vanadium.
Standard solutions: Prepare a mixture of Standard stock solution 1 and Standard stock
solution 2, as required, in Diluent to prepare a six-point calibration curve to bracket the
concentration range of each mineral of interest.
Sample solution 1 (for Tablets containing minerals found in Standard stock solution 1 and
Standard stock solution 2): Weigh and finely powder NLT than 20 Tablets. Transfer a
portion, equal to 3.5 times the average Tablet weight, to a 250-mL volumetric flask.
Slowly add 25 mL of Stock aqua regia solution in 5-mL increments, followed by mixing.
[Note—If the sample contains a carbonate, bubbling will occur. Wait until bubbling ends to
proceed.] Bring the solution to a boil on a hot plate. Continue to heat gently until fumes
cease (about 1 h). [Note—If the sample contains selenium, digest for NMT 15 min.]
Remove from heat, cool, and dilute with water to volume. Filter about 30 mL into a
centrifuge tube, using a nylon syringe filter of 5-µm pore size. If necessary, make any
further dilutions using Diluent.
Sample solution 2 (for Tablets containing minerals found only in Standard stock solution
2): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to 3.5 times the
average Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua
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regia solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently until fumes cease (about 1 h). [Note—If the
sample contains selenium, digest for NMT 15 min.]Remove from heat, cool, and dilute with
water to volume. Filter about 30 mL into a centrifuge tube using a nylon syringe filter of
5-µm pore size. If necessary, make any further dilutions using Diluent.
Sample solution 3 (for Tablets containing minerals found only in Standard stock solution
1): Weigh and finely powder NLT 20 Tablets. Transfer a portion, equal to the average
Tablet weight, to a 250-mL volumetric flask. Slowly add 25 mL of Stock aqua regia
solution in 5-mL increments, followed by mixing. [Note—If the sample contains a
carbonate, bubbling will occur. Wait until bubbling ends to proceed.] Bring the solution to
a boil on a hot plate. Continue to heat gently (about 1 h) until fumes cease. Remove from
heat, cool, and dilute with water to volume. Filter about 30 mL into a centrifuge tube,
using a nylon syringe filter of 5-µm pore size. If necessary, make any further dilutions
using Diluent.
Instrumental conditions
(See Plasma Spectrochemistry 730 .)
Mode: Inductively coupled plasma emission spectrometry, using a spectrometer set to
measure the emission of each mineral of interest at about the corresponding
wavelength. [Note—The operating conditions may be developed and optimized on the
basis of the manufacturer's recommendation. The wavelengths selected should be
demonstrated experimentally to provide sufficient specificity, sensitivity, linearity,
accuracy, and precision.]
System suitability
[Note—Analyze the System suitability solution, and obtain the response as directed in
Analysis.]
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solutions and Sample solution
Determine the emission of each mineral of interest in the Standard solutions and Sample
solution with an inductively coupled plasma system using Diluent as the blank. Plot the
emission of the Standard solutions versus the concentration, in mg/L, of the minerals of
interest, and draw the straight line best fitting the plotted points. From the graph so
obtained, determine the concentration, C, in mg/L, for each mineral of interest in the
Sample solution.
Calculate the percentage of the labeled amount for each mineral:
Result = C × (V/W) × F × (CW/L) × 100
C= measured concentration of the relevant element in the Sample solution (mg/L)
V= volume of the Sample solution (L)
W= sample weight (mg)
F = dilution factor of the Sample solution
CW
= average Tablet weight (mg)
L = labeled amount/Tablet (mg)
Acceptance criteria: 90.0%–125.0% of the labeled amount of calcium (Ca), copper (Cu),

PF 38(5): Sep.-Oct. 2012

775

iron (Fe), magnesium (Mg), manganese (Mn), phosphorus (P), and zinc (Zn); and 90.0%–
160.0% of the labeled amount of boron (B), chromium (Cr), molybdenum (Mo), nickel (Ni),
selenium (Se), tin (Sn), and vanadium (V).
PERFORMANCE TESTS
• Disintegration and Dissolution of Dietary Supplements
for Dissolution
• Weight Variation of Dietary Supplements

2040 : Meet the requirements

2091 : Meet the requirements

SPECIFIC TESTS
• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed 3
× 103 cfu/g, and the combined molds and yeasts count does not exceed 3 × 102 cfu/g.
• Absence of Specified Microorganisms 2022 : Meet the requirements of the tests for
absence of Salmonella species, Escherichia coli, and Staphylococcus aureus
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states that the product is Water-Soluble Vitamins with Minerals Tablets.
The label also states the quantity of each vitamin and mineral in terms of metric units per
dosage unit and, where necessary, the chemical form in which a vitamin is present, and
also states the salt form of the mineral used as the source of each element. Where more
than one assay method is given for a particular vitamin, the labeling states which assay
method is used only if Method 1 is not used.
• USP Reference Standards 11
USP Biotin RS
USP Calcium Pantothenate RS
USP Cyanocobalamin RS
USP Folic Acid RS
USP Niacin RS
USP Niacinamide RS
USP Pyridoxine Hydrochloride RS
USP Riboflavin RS
USP Sodium Fluoride RS
USP Thiamine Hydrochloride RS
1 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.
2 A suitable cartridge is the Waters Oasis MAX Vac RC cartridge, particle size 30 µm, part 186000371.
3 Pure cultures of Lactobacillus leichmannii may be obtained as No. 7830 from ATC C , 10801 University Blvd.,
Manassas, VA 20110-2209.
4 ATC C No. 8014 is suitable. This strain was formerly known as Lactobacillus arabinosus 17-5.

BRIEFING
Excipients, USP and NF Excipients, Listed by Category, page 5871 of the Second
Supplement to USP 35, page 576 of PF 36(2) [Mar.–Apr. 2010], page 1037 of PF 36(4) [July–
Aug. 2010], page 1780 of PF 36(6) [Nov.–Dec. 2010], PF 37(3) [May–June 2011], PF 37(4)
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[July–Aug. 2011], PF 37(5) [Sept.–Oct. 2011], PF 37(6) [Nov.–Dec. 2011], PF 38(1) [Jan.–Feb.
2012], PF 38(2) [Mar.–Apr. 2012], PF 38(3) [May–June 2012], and PF 38(4) [June–July 2012].
It is proposed to revise the Excipients, USP and NF Excipients, Listed by Category to include
an update of the current list of excipients under existing NF functional categories. In addition,
it is proposed to rearrange the reference table to highlight the dosage forms in which these
excipients are commonly used. These changes are proposed in parallel with the revision of the
Excipient Performance chapter 1059 . See briefing under the
Description and Solubility published elsewhere in this PF:
1.
2.

3.

4.

5.
6.

1059

chapter and

The title of this reference table will change to “USP and NF Excipients, Listed by
Functional Category”.
Include the following new NF functional categories: Adhesive; Capsule Shell; Carrier;
Colloidal Stabilizing Agent; Free Radical Scavenger; Pharmaceutical Water; Polymer for
Ophthalmic Use; Release-modifying Agent; Reducing Agent; and Transfer Ligand.
Changes to the following functional categories: Aerosol Propellant to Propellant;
Bulking Agent for Freeze-drying to Bulking Agent; Emulsifying and/or Solubilizing Agent
to Emulsifying Agent; Flavors and Perfumes to Flavors and Fragrance; Tablet and/or
Capsule Diluent to Diluent; Tablet Disintegrant to Disintegrant; Tablet and/or Capsule
Lubricant to Lubricant; and Tablet Binder to Wet Binder.
Combine the following NF functional categories: Acidifying Agent, Alkalizing Agent,
and Buffering Agent to pH Modifier (Acidifying Agent/Alkalizing Agent/Buffering Agent);
Chelating Agent and Complexing Agent to Chelating and/or Complexing Agent; and Color
and Coloring Agent to Coloring Agent.
Delete the following functional categories: Anticaking Agent; Capsule Lubricant; and
Viscosity–increasing Agent.
Include dosage forms in the reference table in which the excipients listed a
commonly used:
Adhesive
Dosage Form: Transdermals and “Patches”
Antimicrobial Preservative
Dosage Form: Oral Liquids
Dosage Form: Ophthalmic Preparations
Antioxidant
Dosage Form: Oral Liquids
Bulking Agent
Dosage Form: Parenterals
Capsule Shell
Dosage Form: Tablets and Capsules
Dosage Form: Dry Powder Inhalers
Chelating and/or Complexing Agents
Dosage Form: Oral Liquids
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Coating Agent
Dosage Form: Tablets and Capsules
Colloid Stabilizing Agent
Dosage Form: Radiopharmaceuticals
Coloring Agent
Dosage Form: Tablets and Capsules
Diluent
Dosage Form: Tablets and Capsules
Disintegrant
Dosage Form: Tablets and Capsules
Emollient
Dosage Form: Semisolids, Topicals, and Suppositories
Emulsifying Agent
Dosage Form: Oral Liquids
Film-forming Agent
Dosage Form: Tablets and Capsules
Dosage Form: Transdermals and “Patches”
Flavors and Fragrance
Dosage Form: Tablets and Capsules
Free Radical Scavenger
Dosage Form: Radiopharmaceuticals
Glidant and/or Anticaking Agent
Dosage Form: Tablets and Capsules
Lubricant
Dosage Form: Tablets and Capsules
Ointment Base
Dosage Form: Semisolids, Topicals, and Suppositories
Pharmaceutical Water
Dosage Form: Parenterals
pH Modifier (Acidifying Agent/Alkalizing Agent/Buffering Agent)
Dosage Form: Oral Liquids
Plasticizer
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Dosage Form: Tablets and Capsules
Polymer for Ophthalmic Use
Dosage Form: Ophthalmic Preparations
Polymer Membrane
Dosage Form: Tablets and Capsules
Propellant
Dosage Form: Aerosols
Reducing Agent
Dosage Form: Radiopharmaceuticals
Release-modifying Agents
Dosage Form: Tablets and Capsules
Sequestering Agent
Dosage Form: Oral Liquids
Stiffening Agent
Dosage Form: Semisolids, Topicals, and Suppositories
Suppository Base
Dosage Form: Semisolids, Topicals, and Suppositories
Suspending and/or Viscosity–increasing Agent
Dosage Form: Semisolids, Topicals, and Suppositories
Sweetening Agent
Dosage Form: Oral Liquids
Tonicity Agent
Dosage Form: Parenterals
Transfer Ligand
Dosage Form: Radiopharmaceuticals
Vehicle
Dosage Form: Oral Liquids
Wet Binder
Dosage Form: Tablets and Capsules
Wetting and/or Solubilizing Agent
Dosage Form: Oral Liquids
Interested parties are encouraged to comment on this proposal.
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Add the following:
In the following reference table, the grouping of excipients by functional category is intended
to summarize commonly identified purposes that these excipients serve in drug product
formulations. The association of a functional category with a particular dosage form in this
table is not absolute and does not limit the use of an excipient to a single type of dosage form
or delivery system.
Adhesive
Dosage Form: Transdermals and "Patches"
Dimethicone
Polyisobutylene
Air Displacement
Carbon Dioxide
Nitrogen
Alcohol Denaturant
Denatonium Benzoate
Methyl Isobutyl Ketone
Sucrose Octaacetate
Antifoaming Agent
Dimethicone
Myristic Acid
Palmitic Acid
Simethicone
Antimicrobial Preservative
Dosage Form: Oral Liquids
Alcohol
Benzalkonium Chloride
Benzalkonium Chloride Solution
Benzethonium Chloride
Benzoic Acid
Benzyl Alcohol
Boric Acid
Butylparaben
Calcium Acetate
Calcium Chloride
Calcium Lactate
Calcium Propionate
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Cetrimonium Bromide
Cetylpyridinium Chloride
Chlorobutanol
Chlorocresol
Chloroxylenol
Cresol
Dehydroacetic Acid
Erythorbic Acid
Ethylparaben
Glycerin
Imidurea
Methylparaben
Methylparaben Sodium
Monothioglycerol
Pentetic Acid
Phenol
Phenoxyethanol
Phenylethyl Alcohol
Phenylmercuric Acetate
Phenylmercuric Nitrate
Potassium Benzoate
Potassium Metabisulfite
Potassium Sorbate
Propionic Acid
Propylene Glycol
Propylparaben
Propylparaben Sodium
Sodium Acetate
Sodium Benzoate
Sodium Borate
Sodium Dehydroacetate
Sodium Lactate Solution
Sodium Metabisulfite
Sodium Propionate
Sodium Sulfite
Sorbic Acid
Sulfur Dioxide
Thimerosal
Thymol
Zinc Oxide
Dosage Form: Ophthalmic Preparations
Benzalkonium Chloride
Benzyl Alcohol
Chlorobutanol
Propylparaben
Sorbic Acid
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Antioxidant
Dosage Form: Oral Liquids
Ascorbic Acid
Ascorbyl Palmitate
Butylated Hydroxyanisole
Butylated Hydroxytoluene
Citric Acid Monohydrate
Erythorbic Acid
Fumaric Acid
Hypophosphorous Acid
Lactobionic Acid
Malic Acid
Methionine
Monothioglycerol
Potassium Metabisulfite
Propionic Acid
Propyl Gallate
Racemethionine
Sodium Ascorbate
Sodium Bisulfite
Sodium Formaldehyde Sulfoxylate
Sodium Metabisulfite
Sodium Sulfite
Sodium Thiosulfate
Stannous Chloride
Sulfur Dioxide
Thymol
Tocopherol
Tocopherols Excipient
Vitamin E
Vitamin E Polyethylene Glycol Succinate
Bulking Agent
Dosage Form: Parenterals
Creatinine
Glycine
Alpha-Lactalbumin
Mannitol
Polydextrose
Polydextrose, Hydrogenated
Pullulan
Trehalose
Capsule Shell
Dosage Form: Tablets and Capsules
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Gelatin
Hypromellose
Pullulan
Dosage Form: Dry Powder Inhalers
Gelatin
Hypromellose
Carrier
Dosage Form: Dry Powder Inhalers
Lactose, Anhydrous
Lactose, Monohydrate
Chelating and/or Complexing Agent
Dosage Form: Oral Liquids
Alfadex
Betadex
Betadex Sulfobutyl Ether Sodium
Citric Acid Monohydrate
Edetate Calcium Disodium
Edetate Disodium
Edetic Acid
Galactose
Gamma Cyclodextrin
Hydroxypropyl Betadex
Alpha-Lactalbumin
Malic Acid
Oxyquinoline Sulfate
Pentetic Acid
Potassium Citrate
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Coating Agent
Dosage Form: Tablets and Capsules
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Calcium Carbonate
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium, Enzymatically-Hydrolyzed
Cellaburate
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Cellacefate
Cellulose Acetate
Cetyl Alcohol
Chitosan
Coconut Oil
Coconut Oil, Hydrogenated
Copovidone
Corn Syrup Solids
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Ethylcellulose Dispersion Type B
Ethylene Glycol and Vinyl Alcohol Graft Copolymer
Gelatin
Glaze, Pharmaceutical
Glucose, Liquid
Glyceryl Behenate
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hypromellose
Hypromellose Acetate Succinate
Hypromellose Phthalate
Isomalt
Alpha-Lactalbumin
Maltitol
Maltodextrin
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion (official until May 1, 2017)
Methacrylic Acid and Ethyl Acrylate Copolymer
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion
Methacrylic Acid and Ethyl Acrylate Copolymer, Partially-Neutralized
Methacrylic Acid and Methyl Methacrylate Copolymer
Methylcellulose
Palm Kernel Oil
Palm Oil
Palm Oil, Hydrogenated
Polydextrose
Polydextrose, Hydrogenated
Polyethylene Glycol
Polyethylene Oxide
Polyvinyl Acetate
Polyvinyl Acetate Dispersion
Polyvinyl Acetate Phthalate
Polyvinyl Alcohol
Pullulan
Rapeseed Oil, Fully Hydrogenated
Rapeseed Oil, Superglycerinated Fully Hydrogenated
Shellac
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Starch, Pregelatinized Modified
Sucrose
Sugar, Confectioner's
Titanium Dioxide
Wax, Carnauba
Wax, Microcrystalline
Xylitol
Zein
Zinc Oxide
Colloid Stabilizing Agent
Dosage Form: Radiopharmaceuticals
Gelatin
Coloring Agent
Caramel
Ferric Oxide
Ferrosoferric Oxide
Dosage Form: Tablets and Capsules
Aluminum Oxide
Desiccant
Calcium Chloride
Calcium Sulfate
Polyvinyl Acetate
Silicon Dioxide
Diluent
Dosage Form: Tablets and Capsules
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Calcium Carbonate
Calcium Phosphate, Dibasic, Anhydrous
Calcium Phosphate, Dibasic, Dihydrate
Calcium Phosphate, Tribasic
Calcium Sulfate
Cellaburate
Cellulose, Microcrystalline
Cellulose, Silicified Microcrystalline
Cellulose, Powdered
Cellulose Acetate
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Corn Syrup
Corn Syrup Solids
Dextrates
Dextrin
Dextrose
Dextrose Excipient
Erythritol
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Fructose
Isomalt
Kaolin
Alpha-Lactalbumin
Lactitol
Lactose, Anhydrous
Lactose, Monohydrate
Magnesium Carbonate
Magnesium Oxide
Maltitol
Maltodextrin
Maltose
Mannitol
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion (official until May 1, 2017)
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion
Polydextrose
Polyethylene Glycol
Propylene Glycol Monocaprylate
Pullulan
Simethicone
Sodium Chloride
Sorbitol
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Corn
Starch, Hydroxypropyl Corn
Starch, Pregelatinized Hydroxypropyl Corn
Starch, Pea
Starch, Hydroxypropyl Pea
Starch, Pregelatinized Hydroxypropyl Pea
Starch, Potato
Starch, Hydroxypropyl Potato
Starch, Pregelatinized Hydroxypropyl Potato
Starch, Tapioca
Starch, Wheat
Hydrogenated Starch Hydrolysate
Sucrose
Sugar, Compressible
Sugar, Confectioner's
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Sugar Spheres
Talc
Trehalose
Xylitol
Disintegrant
Dosage Form: Tablets and Capsules
Alginic Acid
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
Cellulose, Silicified Microcrystalline
Cellulose, Powdered
Croscarmellose Sodium
Crospovidone
Glycine
Guar Gum
Hydroxypropyl Cellulose, Low-Substituted
Magnesium Aluminum Silicate
Maltose
Methylcellulose
Polacrilin Potassium
Pullulan
Silicon Dioxide, Colloidal
Sodium Alginate
Sodium Starch Glycolate
Starch, Pregelatinized Modified
Starch, Corn
Starch, Hydroxypropyl Corn
Starch, Pregelatinized Hydroxypropyl Corn
Starch, Pea
Starch, Hydroxypropyl Pea
Starch, Pregelatinized Hydroxypropyl Pea
Starch, Potato
Starch, Hydroxypropyl Potato
Starch, Pregelatinized Hydroxypropyl Potato
Starch, Tapioca
Starch, Wheat
Trehalose
Emollient
Dosage Form: Semisolids, Topicals, and Suppositories
Alkyl (C12-15) Benzoate
Almond Oil
Aluminum Monostearate
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Canola Oil
Castor Oil
Cetostearyl Alcohol
Cholesterol
Coconut Oil
Cyclomethicone
Dimethicone
Ethylene Glycol Stearates
Glycerin
Glyceryl Monooleate
Glyceryl Monostearate
Isopropyl Myristate
Isopropyl Palmitate
Lecithin
Mineral Oil
Mineral Oil, Light
Myristyl Alcohol
Octyldodecanol
Oleyl Alcohol
Oleyl Oleate
Petrolatum
Polydecene, Hydrogenated
Propylene Glycol Dilaurate
Propylene Glycol Monolaurate
Safflower Oil
Soybean Oil, Hydrogenated
Sunflower Oil
Wax, Cetyl Esters
Xylitol
Zinc Acetate
Emulsifying Agent
Dosage Form: Oral Liquids
Acacia
Agar
Behenoyl Polyoxylglycerides
Benzalkonium Chloride
Benzyl Benzoate
Caprylocaproyl Polyoxylglycerides
Caprylic Acid
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Cetostearyl Alcohol
Cetyl Alcohol
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Cetylpyridinium Chloride
Cholesterol
Coconut Oil
Desoxycholic Acid
Diethanolamine (Adjunct)
Diethylene Glycol Monoethyl Ether
Diethylene Glycol Stearates
Egg Phospholipids
Ethylene Glycol Stearates
Glyceryl Distearate
Glyceryl Monolinoleate
Glyceryl Monooleate
Glyceryl Monostearate
Glyceryl Tristearate
Hydroxypropyl Cellulose
Hypromellose
Alpha-Lactalbumin
Lanolin
Lanolin Alcohols
Lauroyl Polyoxylglycerides
Lecithin
Linoleoyl Polyoxylglycerides
Magnesium Oxide
Medium-chain Triglycerides
Methylcellulose
Mono- and Di-glycerides
Monoethanolamine (Adjunct)
Myristic Acid
Octyldodecanol
Oleic Acid (Adjunct)
Oleoyl Polyoxylglycerides
Oleyl Alcohol (Stabilizer)
Oleyl Oleate
Palm Kernel Oil
Palm Oil
Palmitic Acid
Pectin
Poloxamer
Polycarbophil
Polyglyceryl 3 Diisostearate
Polyglyceryl Dioleate
Polyoxyl 10 Oleyl Ether
Polyoxyl 15 Hydroxystearate
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
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Polyoxyl Stearate
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Potassium Alginate
Propylene Glycol Alginate
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Dilaurate
Propylene Glycol Monocaprylate
Propylene Glycol Monolaurate
Propylene Glycol Monostearate
Rapeseed Oil, Superglycerinated Fully Hydrogenated
Sodium Borate
Sodium Cetostearyl Sulfate
Sodium Lauryl Sulfate
Sodium Stearate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stannous Chloride
Starch, Hydroxypropyl Corn
Starch, Hydroxypropyl Pea
Starch, Hydroxypropyl Potato
Stearic Acid
Stearoyl Polyoxylglycerides
Sucrose Palmitate
Sucrose Stearate
Sunflower Oil
Trolamine
Vitamin E Polyethylene Glycol Succinate
Wax, Emulsifying
Film-forming Agent
Dosage Form: Tablets and Capsules
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium, Enzymatically-Hydrolyzed
Cellaburate
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Cellacefate
Cellulose Acetate
Chitosan
Copovidone
Dibutyl Phthalate
Diethyl Phthalate
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Ethylcellulose Dispersion Type B
Ethylene Glycol and Vinyl Alcohol Grafted Copolymer
Gelatin
Glaze, Pharmaceutical
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hypromellose
Hypromellose Acetate Succinate
Hypromellose Phthalate
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion (official until May 1, 2017)
Methacrylic Acid and Ethyl Acrylate Copolymer
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion
Methacrylic Acid and Ethyl Acrylate Copolymer, Partially-Neutralized
Methacrylic Acid and Methyl Methacrylate Copolymer
Methylcellulose
Polyvinyl Acetate
Polyvinyl Acetate Dispersion
Polyvinyl Acetate Phthalate
Polyvinyl Alcohol
Pullulan
Pyroxylin
Shellac
Sodium Alginate
Dosage Form: Transdermals and "Patches"
Chitosan
Dextrin
Gelatin
Hydroxyethyl Cellulose
Hypromellose
Pectin
Polyethylene Glycol
Polyvinyl Alcohol
Pullulan
Sodium Alginate
Xanthan Gum
Filtering Aid
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Cellulose, Powdered
Siliceous Earth, Purified
Flavors and Fragrance
Dosage Form: Tablets and Capsules
Adipic Acid
Almond Oil
Anethole
Benzaldehyde
Denatonium Benzoate
Ethyl Acetate
Ethyl Maltol
Ethyl Vanillin
Ethylcellulose
Fructose
Fumaric Acid
l-Glutamic Acid, Hydrochloride
Lactitol
Leucine
Malic Acid
Maltol
Menthol
Methionine
Methyl Salicylate
Monosodium Glutamate
Peppermint
Peppermint Oil
Peppermint Spirit
Racemethionine
Rose Oil
Rose Water, Stronger
Sodium Acetate
Sodium Lactate Solution
Tartaric Acid
Thymol
Vanillin
Free Radical Scavenger
Dosage Form: Radiopharmaceuticals
Aminobenzoic Acid
Methylene Blue
Glidant and/or Anticaking Agent
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Dosage Form: Tablets and Capsules
Calcium Phosphate, Tribasic
Calcium Silicate
Cellulose, Powdered
Magnesium Oxide
Magnesium Silicate
Magnesium Trisilicate
Silica, Dental-Type
Silica, Hydrophobic Colloidal
Silicon Dioxide, Colloidal
Sodium Stearate
Talc
Humectant
Corn Syrup Solids
Cyclomethicone
Erythritol
Glycerin
Hexylene Glycol
Hydrogenated Starch Hydrolysate
Inositol
Maltitol
Polydextrose
Polydextrose, Hydrogenated
Propylene Glycol
Sodium Lactate Solution
Sorbitol
Sorbitol Sorbitan Solution
Tagatose
Triacetin
Xylitol
Lubricant
Dosage Form: Tablets and Capsules
Behenoyl Polyoxylglycerides
Calcium Stearate
Castor Oil, Hydrogenated
Coconut Oil, Hydrogenated
Glyceryl Behenate
Glyceryl Monostearate
Glyceryl Tristearate
Magnesium Stearate
Mineral Oil, Light
Myristic Acid
Palm Oil, Hydrogenated
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Palmitic Acid
Poloxamer
Polyethylene Glycol
Polyoxyl 10 Oleyl Ether
Polyoxyl 15 Hydroxystearate
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Potassium Benzoate
Sodium Benzoate
Sodium Lauryl Sulfate
Sodium Stearate
Sodium Stearyl Fumarate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearic Acid
Stearic Acid, Purified
Sucrose Stearate
Talc
Vegetable Oil, Hydrogenated, Type I
Zinc Stearate
Ointment Base
Dosage Form: Semisolids, Topicals, and Suppositories
Caprylocaproyl Polyoxylglycerides
Coconut Oil
Diethylene Glycol Monoethyl Ether
Lanolin
Lanolin Alcohols
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Ointment, Hydrophilic
Ointment, White
Ointment, Yellow
Oleoyl Polyoxylglycerides
Paraffin
Petrolatum
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Petrolatum, Hydrophilic
Petrolatum, White
Polydecene, Hydrogenated
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Polyglyceryl 3 Diisostearate
Rose Water Ointment
Squalane
Stearoyl Polyoxylglycerides
Vegetable Oil, Hydrogenated, Type II
Vitamin E Polyethylene Glycol Succinate
Pharmaceutical Water
Dosage Form: Parenterals
Water Purified
Water Purified, Sterile
Water for Injection
Water for Injection, Bacteriostatic
Water for Injection, Sterile
Water for Irrigation, Sterile
pH Modifier (Acidifying Agent/Alkalizing Agent/Buffering Agent)
Dosage Form: Oral Liquids
Acetic Acid
Acetic Acid, Glacial
Adipic Acid
Ammonia Solution, Strong
Ammonium Carbonate
Ammonium Chloride
Ammonium Phosphate
Boric Acid
Calcium Carbonate
Calcium Hydroxide
Calcium Lactate
Calcium Phosphate, Tribasic
Citric Acid Monohydrate
Citric Acid, Anhydrous
Diethanolamine
Fumaric Acid
Glycine
Hydrochloric Acid
Hydrochloric Acid, Diluted
Alpha-Lactalbumin
Lactic Acid
Lysine Hydrochloride
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Maleic Acid
Malic Acid
Methionine
Monoethanolamine
Monosodium Glutamate
Nitric Acid
Phosphoric Acid
Phosphoric Acid, Diluted
Potassium Bicarbonate
Potassium Citrate
Potassium Hydroxide
Potassium Metaphosphate
Potassium Phosphate, Dibasic
Potassium Phosphate, Monobasic
Propionic Acid
Racemethionine
Sodium Acetate
Sodium Bicarbonate
Sodium Borate
Sodium Carbonate
Sodium Citrate
Sodium Hydroxide
Sodium Lactate Solution
Sodium Phosphate, Dibasic
Sodium Phosphate, Monobasic
Succinic Acid
Sulfuric Acid
Tartaric Acid
Trolamine
Plasticizer
Dosage Form: Tablets and Capsules
Acetyltributyl Citrate
Acetyltriethyl Citrate
Benzyl Benzoate
Castor Oil
Chlorobutanol
Diacetylated Monoglycerides
Dibutyl Sebacate
Diethyl Phthalate
Glycerin
Mannitol
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Glycol
Pullulan

795

PF 38(5): Sep.-Oct. 2012

Sorbitol
Sorbitol Sorbitan Solution
Triacetin
Tributyl Citrate
Triethyl Citrate
Vitamin E
Polymers for Ophthalmic Use
Dosage Form: Ophthalmic Preparations
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carmellose
Guar Gum
Hydroxyethyl Cellulose
Hypromellose
Polyvinyl Alcohol
Povidone
Xanthan Gum
Polymer Membrane
Dosage Form: Tablets and Capsules
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Cellaburate
Cellulose Acetate
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Ethylcellulose Dispersion Type B
Pullulan
Propellant
Dosage Form: Aerosols
Butane
Carbon Dioxide
Dichlorodifluoromethane
Dichlorotetrafluoroethane
Isobutane
Nitrogen
Nitrous Oxide
Propane
Trichloromonofluoromethane
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Reducing Agent
Dosage Form: Radiopharmaceuticals
Stannous Chloride
Stannous Fluoride
Release-modifying Agent
Dosage Form: Tablets and Capsules
Alginic Acid
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Carrageenan
Cellaburate
Ethylcellulose
Ethylcellulose Aqueous Dispersion
Ethylcellulose Dispersion Type B
Glyceryl Monooleate
Glyceryl Monostearate
Guar Gum
Hydroxypropyl Betadex
Hydroxypropyl Cellulose
Hypromellose
Polyethylene Oxide
Polyvinyl Acetate Dispersion
Shellac
Sodium Alginate
Starch, Pregelatinized
Starch, Pregelatinized Modified
Xanthan Gum
Sequestering Agent
Dosage Form: Oral Liquids
Betadex
Betadex Sulfobutyl Ether Sodium
Calcium Acetate
Cyclodextrin, Gamma
Hydroxypropyl Betadex
Pentetic Acid
Pullulan
Sodium Citrate
Sodium Tartrate
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Tartaric Acid
Solvent
Acetone
Alcohol
Alcohol, Diluted
Almond Oil
Amylene Hydrate
Benzyl Alcohol
Benzyl Benzoate
Butyl Alcohol
Canola Oil
Caprylocaproyl Polyoxylglycerides
Castor Oil
Corn Oil
Cottonseed Oil
Dibutyl Phthalate
Diethyl Phthalate
Diethylene Glycol Monoethyl Ether
Dimethyl Sulfoxide
Ethyl Acetate
Ethyl Oleate
Glycerin
Hexylene Glycol
Isopropyl Alcohol
Isopropyl Myristate
Isopropyl Palmitate
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Medium-chain Triglycerides
Methyl Alcohol
Methyl Isobutyl Ketone
Methylene Chloride
Methylpyrrolidone
Mineral Oil
Mineral Oil, Light
Oleoyl Polyoxylglycerides
Peanut Oil
Polydecene, Hydrogenated
Polyethylene Glycol
Polyethylene Glycol Monomethyl Ether
Propylene Carbonate
Propylene Glycol
Safflower Oil
Sesame Oil
Soybean Oil
Stearoyl Polyoxylglycerides
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Sunflower Oil
Triacetin
Triethyl Citrate
Water for Injection
Water for Injection, Sterile
Water for Irrigation, Sterile
Water, Purified
Sorbent
Cellulose, Powdered
Charcoal, Activated
Siliceous Earth, Purified
Sorbent, Carbon Dioxide
Barium Hydroxide Lime
Soda Lime
Stiffening Agent
Dosage Form: Semisolids, Topicals, and Suppositories
Castor Oil, Hydrogenated
Cetostearyl Alcohol
Cetyl Alcohol
Cetyl Palmitate
Dextrin
Hard Fat
Alpha-Lactalbumin
Paraffin
Paraffin, Synthetic
Rapeseed Oil, Fully Hydrogenated
Rapeseed Oil, Superglycerinated Fully Hydrogenated
Sodium Stearate
Stearyl Alcohol
Wax, Cetyl Esters
Wax, Emulsifying
Wax, Microcrystalline
Wax, White
Wax, Yellow
Suppository Base
Dosage Form: Semisolids, Topicals, and Suppositories
Agar
Cocoa Butter
Hard Fat
Palm Kernal Oil
Polyethylene Glycol
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Suspending and/or Viscosity-Increasing Agent
Dosage Form: Semisolids, Topicals, and Suppositories
Acacia
Agar
Alamic Acid
Alginic Acid
Aluminum Monostearate
Attapulgite, Activated
Attapulgite, Colloidal Activated
Bentonite
Bentonite, Purified
Bentonite Magma
Carbomer 1342
Carbomer 910
Carbomer 934
Carbomer 934P
Carbomer 940
Carbomer 941
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Calcium
Carboxymethylcellulose Sodium
Carboxymethylcellulose Sodium 12
Carboxymethylcellulose Sodium, Enzymatically-Hydrolyzed
Carmellose
Carrageenan
Cellulose, Microcrystalline
Cellulose, Microcrystalline, and Carboxymethylcellulose Sodium
Cellulose, Powdered
Cetostearyl Alcohol
Chitosan
Corn Syrup
Corn Syrup Solids
Cyclomethicone
Dextrin
Egg Phospholipids
Ethylcellulose
Gelatin
Gellan Gum
Glyceryl Behenate
Guar Gum
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hypromellose
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Isomalt
Alpha-Lactalbumin
Kaolin
Magnesium Aluminum Silicate
Maltitol Solution
Maltodextrin
Medium-chain Triglycerides
Methylcellulose
Pectin
Polycarbophil
Polydextrose
Polydextrose, Hydrogenated
Polyethylene Oxide
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Polyvinyl Alcohol
Potassium Alginate
Povidone
Propylene Glycol Alginate
Pullulan
Silica, Dental-Type
Silica, Hydrophobic Colloidal
Silicon Dioxide
Silicon Dioxide, Colloidal
Sodium Alginate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Starch, Corn
Starch, Hydroxypropyl Corn
Starch, Pregelatinized Hydroxypropyl Corn
Starch, Pea
Starch, Hydroxypropyl Pea
Starch, Pregelatinized Hydroxypropyl Pea
Starch, Potato
Starch, Hydroxypropyl Potato
Starch, Pregelatinized Hydroxypropyl Potato
Starch, Tapioca
Starch, Wheat
Sucrose
Sucrose Palmitate
Tragacanth
Vitamin E Polyethylene Glycol Succinate
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Xanthan Gum
Sweetening Agent
Dosage Form: Oral Liquids
Acesulfame Potassium
Aspartame
Aspartame Acesulfame
Corn Syrup
Corn Syrup, High Fructose
Corn Syrup Solids
Dextrates
Dextrose
Dextrose Excipient
Erythritol
Fructose
Galactose
Glucose, Liquid
Glycerin
Inulin
Isomalt
Lactitol
Maltitol
Maltitol Solution
Maltose
Mannitol
Neotame
Saccharin
Saccharin Calcium
Saccharin Sodium
Sorbitol
Sorbitol Solution
Hydrogenated Starch Hydrolysate
Sucralose
Sucrose
Sugar, Compressible
Sugar, Confectioner's
Syrup
Tagatose
Trehalose
Xylitol
Tonicity Agent
Dosage Form: Parenterals
Corn Syrup
Corn Syrup Solids
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Dextrose
Glycerin
Mannitol
Potassium Chloride
Sodium Chloride
Transfer Ligand
Dosage Form: Radiopharmaceuticals
Edetate Disodium
Sodium Acetate
Sodium Citrate
Sodium Gluconate
Sodium Tartrate
Vehicle
Dosage Form: Oral Liquids
FLAVORED AND/OR SWEETENED
Aromatic Elixir
Benzaldehyde Elixir, Compound
Corn Syrup Solids
Dextrose
Ethyl Maltol
Peppermint Water
Sorbitol Solution
Syrup
Trehalose
OLEAGINOUS
Alkyl (C12-15) Benzoate
Almond Oil
Canola Oil
Castor Oil
Corn Oil
Cottonseed Oil
Ethyl Oleate
Isopropyl Myristate
Isopropyl Palmitate
Mineral Oil
Mineral Oil, Light
Myristyl Alcohol
Octyldodecanol
Olive Oil
Peanut Oil
Polydecene, Hydrogenated
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Polyoxyl 15 Hydroxystearate
Safflower Oil
Sesame Oil
Soybean Oil
Squalane
SOLID CARRIER
Chitosan
Corn Syrup Solids
Alpha-Lactalbumin
Propylene Glycol Dicaprylate/Dicaprate
Propylene Glycol Monocaprylate
Sugar Spheres
STERILE
rAlbumin Human
Sodium Chloride Injection, Bacteriostatic
Water for Injection, Bacteriostatic
Water-Repelling Agent
Cyclomethicone
Dimethicone
Simethicone
Wet Binder
Dosage Form: Tablets and Capsules
Acacia
Agar
Alginic Acid
Amino Methacrylate Copolymer
Ammonio Methacrylate Copolymer
Ammonio Methacrylate Copolymer Dispersion
Calcium Carbonate
Calcium Lactate
Carbomer Copolymer
Carbomer Homopolymer
Carbomer Interpolymer
Carboxymethylcellulose Sodium
Cellulose, Microcrystalline
Cellulose, Silicified Microcrystalline
Coconut Oil, Hydrogenated
Copovidone
Corn Syrup
Corn Syrup Solids
Dextrates
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Dextrin
Ethyl Acrylate and Methyl Methacrylate Copolymer Dispersion
Ethylcellulose
Ethylene Glycol and Vinyl Alcohol Graft Copolymer
Gelatin
Glucose, Liquid
Glyceryl Behenate
Guar Gum
Hydrogenated Starch Hydrolysate
Hydroxyethyl Cellulose
Hydroxypropyl Cellulose
Hydroxypropyl Cellulose, Low-Substituted
Hypromellose
Hypromellose Acetate Succinate
Inulin
Alpha-Lactalbumin
Lactose, Monohydrate
Maltodextrin
Maltose
Methacrylic Acid Copolymer
Methacrylic Acid Copolymer Dispersion (official until May 1, 2017)
Methacrylic Acid and Ethyl Acrylate Copolymer Dispersion
Methylcellulose
Palm Oil, Hydrogenated
Polycarbophil
Polydextrose, Hydrogenated
Polyethylene Oxide
Polyvinyl Acetate
Povidone
Pullulan
Sodium Alginate
Starch, Pregelatinized
Starch, Pregelatinized Modified
Starch, Corn
Starch, Hydroxypropyl Corn
Starch, Pregelatinized Hydroxypropyl Corn
Starch, Pea
Starch, Hydroxypropyl Pea
Starch, Pregelatinized Hydroxypropyl Pea
Starch, Potato
Starch, Hydroxypropyl Potato
Starch, Pregelatinized Hydroxypropyl Potato
Starch, Tapioca
Starch, Wheat
Sucrose
Sunflower Oil
Syrup
Trehalose
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Vegetable Oil, Hydrogenated
Vitamin E Polyethylene Glycol Succinate
Zein
Wetting and/or Solubilizing Agent
Dosage Form: Oral Liquids
Behenoyl Polyoxylglycerides
Benzalkonium Chloride
Benzethonium Chloride
Betadex Sulfobutyl Ether Sodium
Caprylocaproyl Polyoxylglycerides
Cetylpyridinium Chloride
Docusate Sodium
Egg Phospholipids
Glycine
Lauroyl Polyoxylglycerides
Linoleoyl Polyoxylglycerides
Nonoxynol 9
Octoxynol 9
Oleoyl Polyoxylglycerides
Poloxamer
Polyoxyl 10 Oleyl Ether
Polyoxyl 15 Hydroxystearate
Polyoxyl 20 Cetostearyl Ether
Polyoxyl 35 Castor Oil
Polyoxyl 40 Hydrogenated Castor Oil
Polyoxyl 40 Stearate
Polyoxyl Lauryl Ether
Polyoxyl Stearate
Polyoxyl Stearyl Ether
Polysorbate 20
Polysorbate 40
Polysorbate 60
Polysorbate 80
Pullulan
Sodium Lauryl Sulfate
Sorbitan Monolaurate
Sorbitan Monooleate
Sorbitan Monopalmitate
Sorbitan Monostearate
Sorbitan Sesquioleate
Sorbitan Trioleate
Stearoyl Polyoxylglycerides
Tyloxapol
Wax, Emulsifying
BRIEFING
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Methylpyrrolidone, NF 30 page 1869. On the basis of data and comments received, it is
proposed to revise the monograph as follows:
In the test for Color of Solution, replace water with a Comparison solution equivalent to
B9 listed in the European Pharmacopoeia to reflect the range of color from colorless
to slightly yellow, representative of the pharmaceutical grade excipients available on
the market.
In the test for Color of Solution, in the Acceptance criteria replace, “The Sample has
the color of water.” with “The Sample is not more intensely colored than the
Comparison solution.”
(EXC: G. Holloway.)
Correspondence Number—C115734

Comment deadline: November 30, 2012
Methylpyrrolidone

C5 H9 NO

99.1

1-Methyl-2-pyrrolidinone;
N-Methyl-2-pyrrolidone;
N-Methylpyrrolidone;
1-Methyl-2-Pyrrolidone;
Pyrrolidin, 1-methyl-2-one-;
1-Methylpyrrolidin-2-one;
N-Methyl- -butyrolactam;
N-Methyl tetrahydropyrrolone;
1-Methyl-2-oxopyrrolidine;
N-Methyl-1-oxotetramethyleneamine;
2-Methyl-2-azacyclopentanone
[872-50-4].
IDENTIFICATION
• A. Infrared Absorption 197F
IMPURITIES
• Heavy Metals 231 : NMT 10 ppm
• Organic Impurities
Standard solution: To 1 mL of USP Methylpyrrolidone RS, add 1 mL of pyrrolidone, and
dilute with methylene chloride to 20 mL.
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Sample solution: Methylpyrrolidone (neat)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused-silica capillary; 5-µm layer of phase G2
Temperatures
Injector: 280
Detector: 280
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
100
—
100
0
100
3
170
30
Carrier gas: Nitrogen
Linear velocity: 20 cm/s
Injection type: Split ratio about 100:1
Injection volume: 1 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between pyrrolidone and methylpyrrolidone
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity, excluding any solvent peaks and peaks NMT
0.02%, in the portion of Methylpyrrolidone taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of the responses of all the peaks from the Sample solution
Acceptance criteria: NMT 0.1% of any individual impurity; and NMT 0.3% of total
impurities
SPECIFIC TESTS
• Alkalinity
Bromothymol blue solution: Dissolve 50 mg of bromothymol blue in a mixture of 4 mL of
0.02 M sodium hydroxide and 20 mL of alcohol, and dilute with water to 100 mL.
Sample: Methylpyrrolidone (neat)
Analysis: Add 0.5 mL of Bromothymol blue solution as indicator to 50 mL of water, and
adjust with 0.02 M potassium hydroxide or 0.02 M hydrochloric acid until a yellow color is
obtained. Add 50 mL of the Sample. Titrate with 0.02 M hydrochloric acid to the initial
coloration.
Acceptance criteria: NMT 8.0 mL of 0.02 M hydrochloric acid is required.
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• Clarity of Solution
[Note—The Sample is to be compared to the Reference suspension in diffused daylight 5 min
after preparation of the Reference suspension.]
Hydrazine solution: 10 mg/mL of hydrazine sulfate. [Note—Allow to stand 4–6 h before
use.]
Methenamine solution: Transfer 2.5 g of methenamine to a 100-mL glass-stoppered flask,
add 25.0 mL of water, insert the glass stopper, and mix to dissolve.
Primary opalescent suspension
[Note—This suspension is stable for 2 months, provided it is stored in a glass container free
from surface defects. The suspension must not adhere to the glass and must be well
mixed before use.]
Transfer 25.0 mL of the Hydrazine solution to the Methenamine solution in the 100-mL
glass-stoppered flask. [Note—Allow to stand for 24 h.]
Opalescence standard: Transfer 15.0 mL of the Primary opalescent suspension to a
1000-mL volumetric flask, and dilute with water to volume. [Note—This suspension should
not be used beyond 24 h after preparation.]
Reference suspension: Transfer 5.0 mL of the Opalescence standard to a 100-mL
volumetric flask, and dilute with water to volume.
Sample: Methylpyrrolidone (neat)
Analysis: Transfer a sufficient portion of the Sample to a test tube of colorless,
transparent, neutral glass with a flat base and an internal diameter of 15–25 mm to obtain
a depth of 40 mm. Similarly transfer portions of the Reference suspension and water to
separate matching test tubes. Compare the Sample, Reference suspension, and water in
diffused daylight, viewing vertically against a black background (see Spectrophotometry
and Light-Scattering 851 , Visual Comparison). [Note—The diffusion of light must be
such that the Reference suspension can readily be distinguished from water.]
Acceptance criteria: The Sample shows the same clarity as that of water, or its
opalescence is not more pronounced than that of the Reference suspension.
Change to read:
• Color of Solution
Comparison solution: Mix 3.0 mL of ferric chloride CS, 3.0 mL of cobaltous chloride CS,
and 2.4 mL of cupric sulfate CS with 0.3 N hydrochloric acid to make 10 mL. Dilute 1.0 mL
of this solution with 0.3 N hydrochloric acid to make 100 mL. [Note—Prepare and use this
solution immediately.] 2S (NF31)
Sample: Methylpyrrolidone (neat)
Analysis: Transfer a sufficient portion of the Sample to a test tube of colorless,
transparent, neutral glass with a flat base and an internal diameter of 15–25 mm to obtain
a depth of 40 mm. Similarly transfer a portion of the water
Comparison solution 2S (NF31)
to a separate matching test tube. Compare the color of the Sample with that of water
the Comparison solution 2S (NF31)
in diffused daylight, viewing vertically against a white background (see Spectrophotometry
and Light-Scattering 851 , Visual Comparison).
Acceptance criteria: The Sample has the color of water
is not more intensely colored than the Comparison solution.

2S (NF31)
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921 : NMT 0.1%, determined on 1.0 g

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers.
• USP Reference Standards
USP Methylpyrrolidone RS

11
BRIEFING

Sucrose Octaacetate, NF 30 page 1996. As part of the USP monograph modernization effort,
it is proposed to make the following changes:
1.
Update a chemical name.
2.
Add an Identification section with an IR identification test for Sucrose Octaacetate.
3.
Add USP Sucrose Octaacetate RS to the new USP Reference Standards

11

(EXC: H. Wang.)
Correspondence Number—C119875

Comment deadline: November 30, 2012
Sucrose Octaacetate
Change to read:

C28 H38 O19

678.59

-d-Glucopyranoside, 1,3,4,6-tetra-O-acetyl- -d-fructofuranosyl, tetraacetate;
Sucrose octaacetate
Octaacetyl sucrose 2S (NF31)
[126-14-7].
DEFINITION
Sucrose Octaacetate contains NLT 98.0% and NMT 100.5% of sucrose octaacetate
(C28 H38 O19 ), calculated on the anhydrous basis.
IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K
ASSAY
• Procedure

2S (NF31)

section.
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Sample: 100 mg in a 500-mL conical flask
Blank: 50 mL of 70% alcohol
Titrimetric system
(See Titrimetry 541 .)
Mode: Residual titration
Titrant: 0.1 N sodium hydroxide VS
Back-titrant: 0.1 N sulfuric acid VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 50 mL of 70% alcohol. Neutralize the solution with 0.1 N
sodium hydroxide VS using phenolphthalein TS as the indicator. Add 25.0 mL of 0.1 N
sodium hydroxide VS, attach an air condenser to the flask, protect from absorption of
carbon dioxide, and reflux on a steam bath for 1 h. Remove from the steam bath, cool
quickly, and titrate the excess alkali with 0.1 N sulfuric acid VS using phenolphthalein TS
as the indicator. Perform a blank determination.
Calculate the percentage of sucrose octaacetate (C28 H38 O19 ) in the portion of Sucrose
Octaacetate taken. Each mL of 0.1 N sodium hydroxide is equivalent to 8.483 mg of
sucrose octaacetate (C28 H38 O19 ).
Acceptance criteria: 98.0%–100.5% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
SPECIFIC TESTS
• Melting Range or Temperature 741 : NLT 78
• Acidity
Sample: 1 g
Analysis: Dissolve the Sample in 20 mL of neutralized alcohol, and add 2 drops of
phenolphthalein TS.
Acceptance criteria: NMT 2 drops of 0.1 N sodium hydroxide are required to produce a red
color.
• Water Determination, Method I

921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Add the following:
• USP Reference Standards 11
USP Sucrose Octaacetate RS
2S (NF31)

BRIEFING
Ampicillin Capsules, USP 35 page 2209. On the basis of comments received, it is proposed to
expand the Dissolution test from its original, brief cross-reference to Automated Methods of
Analysis 16 to present a complete detailed procedure. The Packaging and Storage
section is revised to provide storage conditions based on the labeling for FDA-approved
products.
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(SM1: A. Wise.)
Correspondence Number—C119126

Comment deadline: November 30, 2012
Ampicillin Capsules
DEFINITION
Ampicillin Capsules contain an amount of ampicillin (anhydrous or as the trihydrate) equivalent
to NLT 90.0% and NMT 120.0% of the labeled amount of ampicillin (C16 H19 N3 O4 S).
IDENTIFICATION
• A. Thin-Layer Chromatography
Diluent: Acetone and 0.1 N hydrochloric acid (4:1)
Standard solution: 5 mg/mL of USP Ampicillin RS in Diluent
Sample solution: 5 mg/mL of ampicillin in Diluent from the contents of Capsules
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 2 µL
Developing solvent system: Acetone, toluene, glacial acetic acid, and water
(650:100:25:100)
Spray reagent: 3 mg/mL of ninhydrin in alcohol
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and the Sample solution to the plate, and develop the
chromatogram using the Developing solvent system. When the solvent front has moved
about three-fourths of the length of the plate, remove the plate from the chamber, mark
the solvent front, and allow to air-dry. Locate the spots on the plate by spraying lightly
with Spray reagent, and dry at 90 for 15 min.
Acceptance criteria: The RF value of the principal spot of the Sample solution corresponds
to that of the Standard solution.
ASSAY
• Procedure
Standard solution: Prepare as directed for Standard Preparation under Iodometric Assay—
Antibiotics 425 , using USP Ampicillin RS.
Sample solution: Nominally 1.25 mg/mL of ampicillin prepared as follows. Place NLT 5
Capsules in a high-speed glass blender jar containing a suitable volume of water, and
blend for 4 ± 1 min. Dilute a suitable aliquot with water.
Analysis: Proceed as directed for Procedure under Iodometric Assay—Antibiotics 425 .
Calculate the percentage of the labeled amount of ampicillin (C16 H19 N3 O4 S) in the portion
of Capsules taken:
Result = (B

I) × (F 1/2) × (1/CU) × F 2 × 100
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B= volume of 0.01 N sodium thiosulfate consumed in the Blank Determination (mL)
I = volume of 0.01 N sodium thiosulfate consumed in the Inactivation and Titration (mL)
F 1= factor as calculated in Iodometric Assay—Antibiotics 425
C=
U nominal concentration of ampicillin in the Sample solution (mg/mL)
F 2= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
Change to read:
• Dissolution, Procedure for a Pooled Sample 711
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: L/900 mg/mL of USP Ampicillin RS in water, where L is the labeled
amount of ampicillin in mg/Capsule
Sample solution: Use a filtered portion of the solution under test.
Solution A: 1 in 1000 solution of polyoxyethylene (23) lauryl ether in water
Solution B: Dissolve 20 g of hydroxylamine hydrochloride in 5 mL of Solution A, and add
water to make 1000 mL.
Buffer: 26 mg/mL of sodium hydroxide and 3.1 mg/mL of sodium acetate in water
Ferric nitrate solution: Suspend 233 g of ferric nitrate in about 600 mL of water, add
2.8 mL of sulfuric acid, stir until the ferric nitrate is dissolved, add 1 mL of
polyoxyethylene (23) lauryl ether, dilute with water to 1000 mL, and mix.
Apparatus: Automatic analyzer consisting of (1) a liquid sampler, (2) a proportioning
pump, (3) suitable spectrophotometers equipped with matched flow cells and analysis
capability at 480 nm, (4) a means of recording spectrophotometric readings, and/or
computer for data retrieval and calculation, and (5) a manifold consisting of the
components illustrated in Figure 1.

Figure 1
2S (USP36)

Analysis: Proceed as directed for Procedure in Automated Methods of Analysis 16 ,
Antibiotics—Hydroxylamine Assay.
With the sample line pumping water, the other lines pumping their respective reagents, and
the spectrophotometer set at 480 nm, standardize the system until a steady absorbance
baseline has been established. Transfer portions of the Standard Solution and the Sample
solution to sampler cups, and place in the sampler. Start the sampler, and conduct
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determinations of the Standard Solution and the Sample solution typically at the rate of
40/h using a ratio of about 2:1 for sample and wash time. 2S (USP36)
Calculate the percentage of the labeled amount of ampicillin (C16 H19 N3 O4 S) dissolved:
Result = (AU/AS) × CS × V × P × F × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Ampicillin RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
P= potency of ampicillin in USP Ampicillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
L= label claim (mg/Capsule)
Tolerances: NLT 75% (Q) of the labeled amount of ampicillin (C16 H19 N3 O4 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

SPECIFIC TESTS
• Water Determination, Method I 921 : NMT 4.0% where the Capsules contain anhydrous
ampicillin or between 10.0% and 15.0% where the Capsules contain ampicillin trihydrate
ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers,
and store at controlled room temperature. 2S (USP36)
• Labeling: Label the Capsules to indicate whether the ampicillin therein is in the anhydrous
form or is the trihydrate.
• USP Reference Standards
USP Ampicillin RS

11
BRIEFING

Ampicillin Tablets, USP 35 page 2212. On the basis of comments received, it is proposed to
expand the Dissolution test from its original, brief cross-reference to Automated Methods of
Analysis

16

to present a complete detailed procedure.

(SM1: A. Wise.)
Correspondence Number—C119126

Comment deadline: November 30, 2012
Ampicillin Tablets
DEFINITION
Ampicillin Tablets contain an amount of Ampicillin (anhydrous form or trihydrate form) equivalent
to NLT 90.0% and NMT 120.0% of the labeled amount of ampicillin (C16 H19 N3 O4 S).
IDENTIFICATION
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• A. Thin-Layer Chromatography
Diluent: Acetone and 0.1 N hydrochloric acid (4:1)
Standard solution: 5 mg/mL of USP Ampicillin RS in Diluent
Sample solution: 5 mg/mL of ampicillin from powdered Tablets in Diluent
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 2 µL
Developing solvent system: Acetone, toluene, glacial acetic acid, and water
(650:100:25:100)
Spray reagent: 3 mg/mL of ninhydrin in alcohol
Analysis
Samples: Standard solution and Sample solution
Apply the Standard solution and the Sample solution to the plate, and develop the
chromatogram using the Developing solvent system. When the solvent front has moved
about three-fourths of the length of the plate, remove the plate from the chamber, mark
the solvent front, and allow to air-dry. Locate the spots on the plate by spraying lightly
with the Spray reagent, and dry at 90 for 15 min.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution.
ASSAY
• Procedure
Standard solution: Prepare as directed for Standard Preparation in Iodometric Assay—
Antibiotics 425 , using USP Ampicillin RS.
Sample solution: Place NLT 5 Tablets in a high-speed glass blender jar containing an
accurately measured volume of water, and blend for 4 ± 1 min. Dilute a suitable aliquot
with water to obtain a concentration of 1.25 mg/mL of ampicillin.
Analysis
Samples: Standard solution and Sample solution
Proceed as directed for Procedure in Iodometric Assay—Antibiotics 425 .
Calculate the percentage of the labeled amount of ampicillin (C16 H19 N3 O4 S) in the portion
of Tablets taken:
Result = (B

I) × (F 1/2) × (1/CU) × F 2 × 100

B= volume of 0.01 N sodium thiosulfate consumed in the Blank Determination (mL)
I = volume of 0.01 N sodium thiosulfate consumed in the Inactivation and Titration (mL)
F=
1 factor as calculated in Iodometric Assay—Antibiotics 425
C=
U nominal concentration of ampicillin in the Sample solution (mg/mL)
F 2= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
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Change to read:
• Dissolution, Procedure for a Pooled Sample 711
Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 45 min
Standard solution: L/900 mg/mL of USP Ampicillin RS in water, where L is the labeled
amount of ampicillin in mg/Tablet
Sample solution: Use a filtered portion of the solution under test.
Solution A: 1 in 1000 solution of polyoxyethylene (23) lauryl ether in water
Solution B: Dissolve 20 g of hydroxylamine hydrochloride in 5 mL of Solution A, and add
water to make 1000 mL.
Buffer: 26 mg/mL of sodium hydroxide and 3.1 mg/mL of sodium acetate in water
Ferric nitrate solution: Suspend 233 g of ferric nitrate in about 600 mL of water, add
2.8 mL of sulfuric acid, stir until the ferric nitrate is dissolved, add 1 mL of
polyoxyethylene (23) lauryl ether, dilute with water to 1000 mL, and mix.
Apparatus: Automatic analyzer consisting of (1) a liquid sampler, (2) a proportioning
pump, (3) suitable spectrophotometers equipped with matched flow cells and analysis
capability at 480 nm, (4) a means of recording spectrophotometric readings, and/or
computer for data retrieval and calculation, and (5) a manifold consisting of the
components illustrated in Figure 1.

Figure 1
2S (USP36)

Analysis
Samples: Standard solution and Sample solution
Proceed as directed under Procedure in Automated Methods of Analysis, Antibiotics—
Hydroxylamine Assay 16 .
With the sample line pumping water, the other lines pumping their respective reagents,
and the spectrophotometer set at 480 nm, standardize the system until a steady
absorbance baseline has been established. Transfer portions of the Standard Solution
and the Sample solution to sampler cups, and place in the sampler. Start the sampler,
and conduct determinations of the Standard Solution and the Sample solution typically
at the rate of 40/h using a ratio of about 2:1 for sample and wash time. 2S (USP36)
Calculate the percentage of the labeled amount of ampicillin (C16 H19 N3 O4 S) dissolved:
Result = (AU/AS) × CS × V × P × F × (1/L) × 100
A=
U response of the Sample solution
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A=
S response of the Standard solution
C=
S concentration of USP Ampicillin RS in the Standard solution (mg/mL)
V= volume of medium, 900 mL
P= potency of ampicillin in USP Ampicillin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
L= label claim (mg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of ampicillin (C16 H19 N3 O4 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

SPECIFIC TESTS
• Water Determination, Method I

921

Type of Tablets
Form of AmpicillinLimit (%)
Nonchewable
Anhydrous
NMT 4.0
Nonchewable
Trihydrate
9.5–12.0
Chewable
Anhydrous
NMT 3.0
Chewable
Trihydrate
NMT 5.0
Tablets labeled for veterinary use only Trihydrate
NMT 13.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• Labeling: Label the Tablets to indicate whether the ampicillin therein is in the anhydrous
form or is the trihydrate. Label chewable Tablets to indicate that they are to be chewed
before swallowing. Tablets intended for veterinary use only are so labeled.
• USP Reference Standards
USP Ampicillin RS

11
BRIEFING

Avobenzone, USP 35 page 2274. As part of the USP monograph modernization effort, the
following changes are proposed:
1.
The resolution requirement in the Assay is ambiguous and needs to be revised, as
indicated in the comments received. As an interim solution, it is proposed to delete
this requirement and seek industry's feedback for the next steps. Interested parties
are encouraged to submit suggestions to the Small Molecules 3 Expert Committee for
consideration.
2.
The test for Melting Range or Temperature is deleted because the remaining tests
adequately establish identity, purity, and quality.
(SM3: F. Mao.)
Correspondence Number—C115234

Comment deadline: November 30, 2012
Avobenzone
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C20 H22 O3

310.40

1,3-Propanedione, 1-[4-(1,1-dimethylethyl)phenyl]-3-(4-methoxyphenyl)-;
1-(p-tert-Butylphenyl)-3-(p-methoxyphenyl)-1,3-propanedione.
[70356-09-1].
DEFINITION
Avobenzone contains NLT 95.0% and NMT 105.0% of avobenzone (C20 H22 O3 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Analytical wavelength: 360 nm
Sample solution: 5 µg/mL in alcohol
Acceptance criteria: Absorptivities do not differ by more than 3.0%.
ASSAY
Change to read:
• Procedure
Standard solution: 50 mg/mL of USP Avobenzone RS in acetone
Sample solution: 50 mg/mL of avobenzone in acetone
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 25-m fused silica capillary coated with phase G1
Temperatures
Injection port: 200
Detector: 280
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
200
4
280
—
Carrier gas: Helium
Injection volume: 1 µL
Split ratio: 50:1
System suitability

818
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Sample: Standard solution
Suitability requirements
Resolution: NLT 1.0 between avobenzone and any adjacent peak
2S (USP36)

Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of avobenzone (C20 H22 O3 ) in the portion of Avobenzone taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Avobenzone RS in the Standard solution (mg/mL)
C=
U concentration of avobenzone in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% on the dried basis
IMPURITIES
• Organic Impurities
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Avobenzone taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity from the Sample solution
r=
T sum of all peak responses from the Sample solution
Acceptance criteria
Each individual impurity: NMT 3.0%
Total impurities: NMT 4.5%
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I

741 : 81 –86

2S (USP36)

• Loss on Drying 731
Analysis: Dry a sample under vacuum at 70 for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Avobenzone RS

11
BRIEFING
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Azelastine Hydrochloride. Because there is no existing USP monograph for this article, a new
monograph is being proposed based on validated methods of analyses. The HPLC procedure
in the test for Organic Impurities is based on validated analyses performed with the
Nucleosil CN brand of L10 column manufactured by Macherey-Nagel. The typical retention
time for azelastine is about 9 min.
(SM4: H. Joyce, D. Vicchio.)
Correspondence Number—C106154; C111970

Comment deadline: November 30, 2012
Add the following:
Azelastine Hydrochloride

C22 H24 ClN3 O·HCl

418.36

1(2H)-Phthalazinone, 4-[(4-chlorophenyl)methyl]-2-(hexahydro-1-methyl-1H-azepin-4-yl),
monohydrochloride;
4-(p-Chlorobenzyl)-2-(hexahydro-1-methyl-1H-azepin-4-yl)-1(2H)-phthalazinone
monohydrochloride
[79307-93-0].
DEFINITION
Azelastine Hydrochloride contains NLT 99.0% and NMT 101.0% of azelastine hydrochloride
(C22 H24 ClN3 O·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Identification solution, as obtained in the test for Organic Impurities.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Sample: 300 mg
Blank: 5 mL anhydrous formic acid and 30 mL of acetic anhydride
Titrimetric system
(See Titrimetry 541 , System Suitability.)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 5 mL of anhydrous formic acid, and add 30 mL of acetic
anhydride. Titrate with Titrant. Calculate the percentage of azelastine hydrochloride
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(C22 H24 ClN3 O·HCl) in the portion of Azelastine Hydrochloride taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 41.84 mg/mEq
W= weight of the Sample (mg)
Acceptance criteria: 99.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
• Organic Impurities
Dilute phosphoric acid: 115 g/L of phosphoric acid in water
Buffer: 2.92 g/L of octanesulfonic acid sodium salt and 0.92 g/L of monobasic potassium
phosphate in water. Adjust with Dilute phosphoric acid to pH 3.0–3.1.
Mobile phase: Acetonitrile and Buffer (260:740)
Diluent: Acetonitrile and water (45:55)
Identification solution: 2.5 mg/mL of USP Azelastine Hydrochloride RS in Diluent. [Note
—This solution is used for Identification test B.]
System suitability stock solution: 0.5 mg/mL each of USP Azelastine Related Compound B
RS, USP Azelastine Related Compound D RS, and USP Azelastine Related Compound E RS in
acetonitrile
System suitability solution: 50 µg/mL each of USP Azelastine Related Compound B RS,
USP Azelastine Related Compound D RS, and USP Azelastine Related Compound E RS from
the System suitability stock solution and 2.5 mg/mL of USP Azelastine Hydrochloride RS in
Diluent
Standard stock solution 50 µg/mL of USP Azelastine Hydrochloride RS in acetonitrile
Standard solution 2.5 µg/mL of USP Azelastine Hydrochloride RS in Diluent
Sample solution: 2.5 mg/mL of Azelastine Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 10-µm packing L10
Column temperature: 30
Flow rate: 2 mL/min
Injection volume: 10 µL
Run time: 2.4 times the retention time of azelastine
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 4.0 between azelastine related compound B and azelastine related
compound D; NLT 1.5 between azelastine related compound D and azelastine; NLT 1.5
between azelastine and azelastine related compound E, System suitability solution
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Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Identification solution, Standard solution, and Sample solution
Calculate the percentage of each impurity in the portion of Azelastine Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of azelastine from the Standard solution
C=
S concentration of USP Azelastine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of azelastine hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. [Note—Disregard peaks that are less than 0.05% of the
azelastine peak.]

Name

Table 1
Relative
Retention
Time
0.2
0.3
0.4
0.6
1.0
1.4
—
—

Relative
Response
Factor
0.38
0.22
1.0
1.2
1.0
0.48
1.0
—

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

Benzohydrazide
Azelastine related compound Ba
Chlorophenylacetylbenzoic acidb
Azelastine related compound Dc
Azelastine
Azelastine related compound Ed
Any individual unspecified impurity
Total impurities
a N¢-(1-Methylazepan-4-yl)benzohydrazide, also known as 1-benzoyl-2-[(4RS)-1methylhexahydro-1H-azepin-4-yl]diazane.
b 2-[2-(4-Chlorophenyl)acetyl]benzoic acid.
c 4-(4-Chlorobenzyl)phthalazin-1(2H)-on.
d 3-(4-Chlorobenzylidene)isobenzofuran-1(3H)-one.
SPECIFIC TESTS
• Loss on Drying 731

Analysis: Dry at 105 to constant weight.
Acceptance criteria: NMT 0.5%
• Acidity or Alkalinity
Sample solution: 10 mg/mL of azelastine hydrochloride in water
Analysis: Add 0.2 mL of bromothymol blue TS to 10 mL of the Sample solution.
Acceptance criteria: NMT 0.1 mL of 0.01 M hydrochloric acid or 0.01 M sodium hydroxide
is required to produce a color change.
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed containers. Protect from light and
moisture. Store at controlled room temperature.
• USP Reference Standards 11
USP Azelastine Hydrochloride RS
USP Azelastine Related Compound B RS
N¢-(1-Methylazepan-4-yl)benzohydrazide.
C14 H21 N3 O
247.34
USP Azelastine Related Compound D RS
4-(4-Chlorobenzyl)phthalazin-1(2H)-one.
C15 H11 ClN2 O
270.71
USP Azelastine Related Compound E RS
3-(4-Chlorobenzylidene)isobenzofuran-1(3H)-one.
C15 H9 ClO2
256.68
2S (USP36)

BRIEFING
Bacampicillin Hydrochloride, USP 35 page 2293. It is proposed to omit this monograph for
the following reasons. No drug products formulated with Bacampicillin Hydrochloride are
currently marketed in the United States. Drug products containing Bacampicillin Hydrochloride
are currently not used in veterinary medicine in the United States.
(SM1: A. Wise.)

Correspondence Number—C119133

Comment deadline: November 30, 2012
Delete the following:
Bacampicillin Hydrochloride

C21 H27 N3 O7 S·HCl

501.98

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 6-[(aminophenylacetyl)amino]-3,3dimethyl-7-oxo-,1-[(ethoxycarbonyl) oxyethyl ester, monohydrochloride, [2S-[2 ,5 ,6
(S*)]]-.
(2S,5R,6R)-6-[(R)-(2-Amino-2-phenylacetamido)]-3,3-dimethyl-7-oxo-4-thia-1azabicyclo[3.2.0]heptane-2-carboxylic acid ester with ethyl 1-hydroxyethyl carbonate,
monohydrochloride [[37661-08-8]].

» Bacampicillin Hydrochloride has a potency of not less than 623 µg and not
more than 727 µg of ampicillin (C 16 H 19 N 3 O 4 S) per mg.
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Bacampicillin Hydrochloride RS
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Identification—Prepare a test solution of it in alcohol containing 2 mg per mL. Prepare a
Standard solution of USP Bacampicillin Hydrochloride RS in alcohol containing 2 mg per mL.
Apply two 5-µL portions of the test solution 4.0 cm apart to a thin-layer chromatographic plate
coated with a 0.25-mm layer of chromatographic silica gel mixture (see Chromatography

621

). After the spots dry, apply two 5-µL portions of the Standard solution, one midway between
the test solution spots and the other to one of the test solution spots. Allow the spots to dry,
place the plate in a suitable chromatographic chamber, and develop the chromatogram in a
solvent system consisting of a mixture of methylene chloride, chloroform, and alcohol (10:1:1).
When the solvent front has moved about three-fourths of the length of the plate, remove the
plate from the chamber, and allow to dry. Spray the plate with a spray reagent containing 1 g
of ninhydrin and 1 mL of pyridine in each 100 mL of solution in butyl alcohol, and heat at 100
for 10 minutes: bacampicillin appears as a purple spot, and the RF values of the spots from the
test solution and from the combined test solution and Standard solution, respectively,
correspond to the RF value of the spot obtained from the Standard solution.
pH

791 : between 3.0 and 4.5, in a solution containing 20 mg per mL.

Water, Method I

921 : not more than 1.0%.

Dimethylaniline 223 : meets the requirement, the Test Preparation being prepared using 2 N
sodium hydroxide instead of 1 N sodium hydroxide.
Assay—
Mobile phase— To 500 mL of 0.02 M dibasic sodium phosphate add portions of 0.02 M
monobasic sodium phosphate until a pH of 6.8 ± 0.05 is reached. Prepare a suitable filtered
mixture of this pH 6.8 buffer and acetonitrile (500:500). Make adjustments if necessary (see
System Suitability under Chromatography

621 ).

Standard preparation— Prepare a solution of USP Bacampicillin Hydrochloride RS, accurately
weighed, in water having a known concentration of about 0.8 mg per mL, sonicating for about
20 minutes to achieve complete dissolution. Pass through a filter of 0.5-µm or finer porosity.
Assay preparation— Transfer about 80 mg of Bacampicillin Hydrochloride, accurately weighed,
to a 100-mL volumetric flask, add 90 mL of water, and sonicate for about 20 minutes. Dilute
with water to volume, mix, and pass through a filter of 0.5-µm or finer porosity.
Chromatographic system (see Chromatography 621 )—The liquid chromatograph is equipped
with a 254-nm detector and a 3.9-mm × 15-cm column that contains packing L1. The flow rate
is about 1 mL per minute. Chromatograph the Standard preparation, and record the responses
as directed for Procedure: the column efficiency determined from the analyte peak is not less
than 3000 theoretical plates, and the relative standard deviation for replicate injections is not
more than 2.0%.
Procedure— Separately inject equal volumes (about 20 µL) of the Standard preparation and
the Assay preparation into the chromatograph, record the chromatograms, and measure the
area responses for the major peaks. Calculate the quantity, in µg, of ampicillin (C16 H19 N3 O4 S)
equivalent in each mg of the Bacampicillin Hydrochloride taken by the formula:
(349.41/501.99)(100,000C / W)(rU / rS)
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in which 349.41 and 501.99 are the molecular weights of anhydrous ampicillin and bacampicillin
hydrochloride, respectively, C is the concentration, in mg per mL, of USP Bacampicillin
Hydrochloride RS in the Standard preparation, W is the weight, in mg, of the portion of
Bacampicillin Hydrochloride taken, and rU and rS are the bacampicillin peak area responses
obtained from the Assay preparation and the Standard preparation, respectively. 2S (USP36)
BRIEFING
Bacampicillin Hydrochloride for Oral Suspension, USP 35 page 2293. It is proposed to
omit this monograph for the following reasons. No drug products formulated as defined under
Bacampicillin Hydrochloride for Oral Suspension are currently marketed in the United States. The
drug product is currently not used in veterinary medicine in the United States.
(SM1: A. Wise.)

Correspondence Number—C119133

Comment deadline: November 30, 2012
Delete the following:
Bacampicillin Hydrochloride for Oral Suspension

» Bacampicillin Hydrochloride for Oral Suspension contains an amount of
Bacampicillin Hydrochloride equivalent to not less than 90.0 percent and not
more than 125.0 percent of the labeled amount of ampicillin (C 16 H 19 N 3 O 4 S)
when constituted as directed. It contains one or more suitable buffers,
colors, flavors, suspending agents, and sweetening ingredients.
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Ampicillin RS
USP Bacampicillin Hydrochloride RS
Identification—Constitute Bacampicillin Hydrochloride for Oral Suspension as directed in the
labeling. Transfer a portion of the resulting suspension, equivalent to about 140 mg of
ampicillin, to a 100-mL volumetric flask, add 70 mL of alcohol, shake by mechanical means for
30 minutes, dilute with alcohol to volume, and mix: the solution so obtained responds to the
Identification test under Bacampicillin Hydrochloride.
Uniformity of dosage units

905 —

For solid packaged in single-unit containers: meets the requirements.
Deliverable volume
pH

698 : meets the requirements.

791 : between 6.5 and 8.0, in the suspension constituted as directed in the labeling.

Loss on drying

731 —Dry about 100 mg, accurately weighed, in a capillary-stoppered bottle

in vacuum at 60 for 3 hours: it loses not more than 2.0% of its weight.
Assay—
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Standard preparation— Using USP Ampicillin RS, prepare as directed for Standard preparation
under Iodometric Assay—Antibiotics

425 .

Assay preparation— Transfer an accurately measured volume of Bacampicillin Hydrochloride for
Oral Suspension, constituted as directed in the labeling and free from bubbles, equivalent to
about 87.5 mg of ampicillin, to a 250-mL volumetric flask. Add 200 mL of a solvent mixture
consisting of alcohol and 0.1 M phosphoric acid (4:1). Shake by mechanical means for 30
minutes, dilute with the same solvent mixture to volume, and mix. Centrifuge a portion of the
resulting suspension. Pipet 4.0 mL of the clear solution so obtained into each of two glassstoppered, 125-mL conical flasks.
Procedure— Proceed as directed for Procedure under Iodometric Assay—Antibiotics 425 .
Calculate the quantity, in mg, of C16 H19 N3 O4 S in each mL of the constituted Bacampicillin
Hydrochloride for Oral Suspension taken by the formula:
(0.0625F)(B

I) / V

in which V is the volume, in mL, of constituted Bacampicillin Hydrochloride for Oral Suspension
taken, and the other terms are as defined therein. 2S (USP36)
BRIEFING
Bacampicillin Hydrochloride Tablets, USP 35 page 2294. It is proposed to omit this
monograph for the following reasons. No drug products formulated as defined under
Bacampicillin Hydrochloride Tablets are currently marketed in the United States. The drug
product is currently not used in veterinary medicine in the United States.
(SM1: A. Wise.)

Correspondence Number—C119133

Comment deadline: November 30, 2012
Delete the following:
Bacampicillin Hydrochloride Tablets

» Bacampicillin Hydrochloride Tablets contain the equivalent of not less than
90.0 percent and not more than 125.0 percent of the labeled amount of
ampicillin (C 16 H 19 N 3 O 4 S).
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Ampicillin RS
USP Bacampicillin Hydrochloride RS
Identification—To a portion of powdered Tablets add alcohol to obtain a solution containing
the equivalent of 2 mg of ampicillin per mL: the solution so obtained responds to the
Identification test under Bacampicillin Hydrochloride.
Dissolution

711 —

Medium: water; 900 mL.
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Apparatus 2: 75 rpm.
Time: 30 minutes.
Standard preparation— Dissolve an accurately weighed quantity of USP Ampicillin RS in water to
obtain a solution having a known concentration of about 0.3 mg per mL.
Procedure— Determine the amount of ampicillin (C16 H19 N3 O4 S) dissolved as directed for
Procedure in the section Antibiotics—Hydroxylamine Assay under Automated Methods of
Analysis

16 .

Tolerances— Not less than 85% (Q) of the labeled amount of C16 H19 N3 O4 S is dissolved in 30
minutes.
Uniformity of dosage units
Water, Method I

905 : meet the requirements.

921 : not more than 2.5%.

Assay—
Mobile phase, Standard preparation, and Chromatographic system— Proceed as directed in the
Assay under Bacampicillin Hydrochloride.
Assay preparation— Weigh and finely powder not fewer than 20 Tablets. Transfer an
accurately weighed portion of the powder, equivalent to about 56 mg of ampicillin
(C16 H19 N3 O4 S), to a 100-mL volumetric flask, add 90 mL of water, and sonicate for about 20
minutes. Dilute with water to volume, mix, and filter through a filter of 0.5-µm or finer porosity.
Procedure— Proceed as directed for Procedure in the Assay under Bacampicillin Hydrochloride.
Calculate the quantity, in mg, of ampicillin (C16 H19 N3 O4 S) equivalent to the portion of Tablets
taken by the formula:
(349.41/501.99)(100C)(rU / rS)
in which the terms are as defined therein.

2S (USP36)

BRIEFING
Biotin Capsules. Because there is no existing USP monograph for this dosage form, a new
monograph is proposed.
(DS: N. Davydova.)
Correspondence Number—C117325

Comment deadline: November 30, 2012
Add the following:
Biotin Capsules
DEFINITION
Biotin Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of biotin
(C10 H16 N2 O3 S).
IDENTIFICATION
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• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer solution: Dissolve 1 g of sodium perchlorate monohydrate in 500 mL of water, add 1
mL of phosphoric acid, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Buffer solution (8.5: 91.5)
Diluent: Acetonitrile and water (1:4)
Standard solution: 0.05 mg/mL of USP Biotin RS in Diluent. Sonicate, if necessary, to
dissolve.
Sample solution: Weigh NLT 20 Capsules in a tared weighing bottle. Open the Capsules,
without the loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing, if necessary, with several portions
of ether. Discard the washings, and dry the Capsule shells with the aid of a current of dry
air until the odor of ether is no longer perceptible. Weigh the empty Capsule shells in the
tared weighing bottle, and calculate the average net weight per Capsule. Transfer a
portion of the Capsule contents, equivalent to a nominal amount of 5 mg of biotin to a
100-mL volumetric flask, add 60 mL of water, and shake in a water bath at 65 for 20 min.
Sonicate for 5 min, shake by mechanical means for 15 min, and cool to room temperature.
Add 20 mL of acetonitrile, dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of biotin (C10 H16 N2 O3 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (mg/mL)
C=
U nominal concentration of biotin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
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• Dissolution 711
Buffer solution: 0.02 N anhydrous disodium hydrogen phosphate adjusted with phosphoric
acid to a pH of 7.4
Medium: Buffer solution; 500 mL
Apparatus 1: 100 rpm
Time: 1 h
Standard solution: Dissolve a suitable amount of USP Biotin RS in Buffer solution to obtain
a concentration similar to that expected in the Sample solution.
Sample solution: Withdraw a portion of the solution under test, pass through a suitable
filter, and use the pooled sample as the test specimen.
Analysis: Proceed as directed in the Assay, making any necessary adjustments.
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) dissolved:
Result = (rU/rS) × (CS × V/L) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
V= volume of Medium, 500 mL
L= labeled amount of biotin (µg/Capsule)
Tolerances: NLT 75% (Q) of the labeled amount of biotin (C10 H16 N2 O3 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Biotin RS

11

2S (USP36)

BRIEFING
Biotin Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph is proposed.
(DS: N. Davydova.)
Correspondence Number—C116940

Comment deadline: November 30, 2012
Add the following:
Biotin Tablets
DEFINITION
Biotin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of biotin
(C10 H16 N2 O3 S).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
• Procedure
Buffer solution: Dissolve 1 g of sodium perchlorate monohydrate in 500 mL of water, add 1
mL of phosphoric acid, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Buffer solution (8.5: 91.5)
Diluent: Acetonitrile and water (1:4)
Standard solution: 0.05 mg/mL of USP Biotin RS in Diluent. Sonicate if necessary to
dissolve.
Sample solution: Transfer a portion equivalent to 5 mg of biotin from NLT 30 finely
powdered Tablets to a 100-mL volumetric flask, add 60 mL of water, and shake in a water
bath at 65 for 20 min. Sonicate for 5 min, shake by mechanical means for 15 min, and
cool to room temperature. Add 20 mL of acetonitrile, dilute with water to volume, and
filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 200 nm
Column: 4.6-mm × 15-cm; 3-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0% for replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of biotin (C10 H16 N2 O3 S) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (mg/mL)
C=
U nominal concentration of biotin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Buffer solution: 0.02 N anhydrous disodium hydrogen phosphate adjusted with phosphoric
acid to a pH of 7.4
Medium: Buffer solution; 500 mL
Apparatus 2: 75 rpm
Time: 1 h
Standard solution: Dissolve a suitable amount of USP Biotin RS in Buffer solution to obtain
a concentration similar to that expected in the Sample solution.
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Sample solution: Withdraw a portion of the solution under test, pass through a suitable
filter, and use the pooled sample as the test specimen.
Analysis: Proceed as directed in the Assay, making any necessary adjustments.
Calculate the percentage of the labeled amount of biotin (C10 H16 N2 O3 S) dissolved:
Result = (rU/rS) × (CS × V/L) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Biotin RS in the Standard solution (µg/mL)
V= volume of Medium, 500 mL
L= labeled amount of biotin (µg/Tablet)
Tolerances: NLT 75% (Q) of the labeled amount of biotin (C10 H16 N2 O3 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Biotin RS

11

2S (USP36)

BRIEFING
Cephalexin, USP 35 page 2584. On the basis of a request from the FDA and validation data
from FDA-approved manufacturers, it is proposed to revise the monograph as follows:
1.
The Assay is revised to provide the particle size of the column.
2.
The flexible monograph approach is used to allow manufacturers to perform either
Procedure 1 or Procedure 2 in the test for Organic Impurities based on their labeling
instructions and impurity profile. A labeling statement is added to support this
change.
3.
The test for Organic Impurities, Procedure 1 is updated to replace the current official
procedure with one which lists specified impurities. The procedure was validated
using the Discovery ODS brand of L1 column. The typical retention time for
cephalexin is 20 min.
4.
A test for Organic Impurities, Procedure 2 is added. The HPLC procedure was validated
using a YMC Pack ODS AQ brand of L1 column. The typical retention time for
cephalexin is about 25 min.
5.
The monograph is updated to current USP style.
(SM1: A. Wise.)
Correspondence Number—C112926; C116263

Comment deadline: November 30, 2012
Cephalexin

C16 H17 N3 O4 S·H2 O

365.40
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832

347.40

5-Thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid, 7-[(aminophenylacetyl)amino]-3methyl-8-oxo-, monohydrate, [6R-[6 ,7 (R*)]]-;
(6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2ene-2-carboxylic acid monohydrate
[23325-78-2].
Anhydrous
[15686-71-2].
DEFINITION
Cephalexin has a potency of NLT 950 µg/mg and NMT 1030 µg/mg of cephalexin
(C16 H17 N3 O4 S), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: 0.985 g/L of sodium-1-pentanesulfonate in a mixture of acetonitrile,
methanol, triethylamine, and water (20:10:3:170), adjusted with phosphoric acid to a pH
of 3.0 ± 0.1
Standard stock solution: 1 mg/mL of USP Cephalexin RS in water
Standard solution: 0.4 mg/mL of cephalexin in Mobile phase from the Standard stock
solution
Sample stock solution: 1 mg/mL of cephalexin in water
Sample solution: 0.4 mg/mL of cephalexin in Mobile phase from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm;
5-µm 2S (USP36)
packing L1 of low acidity
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg, of cephalexin (C16 H17 N3 O4 S) per mg of the Cephalexin

PF 38(5): Sep.-Oct. 2012

833

taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cephalexin RS in the Standard solution (mg/mL)
C=
U concentration of Cephalexin in the Sample solution (mg/mL)
P= potency of cephalexin in USP Cephalexin RS (µg/mg)
Acceptance criteria: 950–1030 µg/mg on the anhydrous basis
IMPURITIES
Change to read:
• Organic Impurities, Procedure 1
Solution A: Dissolve 1 g of sodium 1-pentanesulfonate in a mixture of 1000 mL of water
and 15 mL of triethylamine. Adjust with phosphoric acid to a pH of 2.5 ± 0.1.
Solution B: Dissolve 1 g of sodium 1-pentanesulfonate in a mixture of 300 mL of water
and 15 mL of triethylamine. Adjust with phosphoric acid to a pH of 2.5 ± 0.1, and add
350 mL of acetonitrile and 350 mL of methanol.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
1
100
0
33.3
0
100
34.3
0
100
Diluent: 18 mg/mL of monobasic potassium phosphate in water
Standard solutions: 0.08 mg/mL and 0.16 mg/mL of cephalexin (C16 H17 N3 O4 S) from USP
Cephalexin RS in Diluent, taking into account the stated potency of the USP Cephalexin
RS
Sample solution: 5 mg/mL of Cephalexin in Diluent
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1 of low acidity
Flow rate: 1 mL/min
Injection volume: 20 µL
Analysis
Samples: Standard solutions and Sample solution
Plot the responses of the cephalexin peaks from the Standard solutions versus their
concentrations, calculated on the anhydrous basis, in mg/mL, and draw a straight line
through the two points and zero. From the line and the peak responses of the Sample
solution, determine the concentration, I, in mg/mL, of each cephalexin-related
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substance of the Sample solution other than the cephalexin peak.
Calculate the percentage of each cephalexin-related substance:
Result = I/C × 100
I= concentration of each cephalexin-related substance in the Sample solution as
determined from the calibration curve (mg/mL)
C= concentration of cephalexin in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: NMT 1.0% of any individual cephalexin-related substance
Total impurities: NMT 5.0%
Use Organic Impurities, Procedure 1 when the impurity profile includes cephalexin ethyl
homolog.
Solution A: 3.4 g/L of monobasic potassium phosphate adjusted with phosphoric acid to a
pH of 3.0
Solution B: Acetonitrile and Solution A (50:50) adjusted with phosphoric acid to a pH of
3.0
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
5
95
5
10
80
20
30
60
40
50
0
100
60
0
100
60.1
95
5
70
95
5
Standard solution: 4 µg/mL of cephalexin from USP Cephalexin RS in water
Sample solution: 5 mg/mL of Cephalexin in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution

PF 38(5): Sep.-Oct. 2012

835

Calculate the percentage of each impurity in the portion of Cephalexin taken:
Result = (rU/rS) × (CS/CU) × P × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of cephalexin from the Standard solution
C=
S concentration of USP Cephalexin RS in the Standard solution (mg/mL)
C=
U concentration of Cephalexin in the Sample solution (mg/mL)
P= potency of cephalexin in USP Cephalexin RS (µg/mg)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.03%.

Name
7-Aminodesacetoxycephalosporanic acida
Cephalexin R-sulfoxideb
Cephalexin S-sulfoxidec
Diketopiperazine derivatived
Delta-3 cephalexine
Cephalexin
Cephalexin ethyl homologf
N-d-Phenylglycyl cephalexing
Specified unidentified impurityh

Table 2
Relative
Retention
Time
0.21
0.30
0.57
0.85
0.98
1.0
1.4
1.7
2.2

Relative
Response
Factor
0.56
0.76
0.67
1.0
2.0
–
1.1
1.6
1.0

Acceptance
Criteria,
NMT (%)
1.0
1.0
1.0
1.0
1.0
–
1.0
1.0
1.0

-Naphtholi
2.3
1.0
1.0
Any individual unspecified impurity
–
1.0
0.1
Total impurities
–
–
5.0
a (6R,7R)-7-Amino-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid.
b (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5R-oxide.
c (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5S-oxide.
d (E)-3-(Hydroxymethylene)-6-phenylpiperazine-2,5-dione.
e (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
f (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-ethyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
g (6R,7R)-7-{(R)-2-[(R)-2-amino-2-phenylacetamido]-2-phenylacetamido}-3-methyl-8oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
h Chemical information not available.
i Naphthalen-2-ol.
2S (USP36)

Add the following:
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• Organic Impurities, Procedure 2: Use Organic Impurities, Procedure 2 when the impurity
profile includes 3-hydroxy-4-methylthiophenone.
Buffer: 4 g/L of monobasic sodium phosphate adjusted with sodium hydroxide solution to a
pH of 5.0
Solution A: Acetonitrile and Buffer (2:98)
Solution B: Acetonitrile and Buffer (50:50)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
30
80
20
45
40
60
60
25
75
80
0
100
85
0
100
90
100
0
100
100
0
Diluent: 6.8 g/L of monobasic potassium phosphate
Standard solution: 20 µg/mL of USP Cephalexin RS in Diluent
Sample solution: 2 mg/mL of Cephalexin in Diluent. Store in the refrigerator, and use
within 24 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution, and Sample solution
Calculate the percentage of each impurity in the portion of Cephalexin taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of cephalexin from the Standard solution
C=
S concentration of USP Cephalexin RS in the Standard solution (mg/mL)
C=
U concentration of Cephalexin in the Sample solution (mg/mL)
P= potency of cephalexin in USP Cephalexin RS (µg/mg)
Acceptance criteria: See Table 4. The reporting threshold is 0.05%.
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Table 4

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

d-Phenylglycinea
0.17
0.5
b
7-Aminodesacetoxycephalosporanic acid
0.23
0.5
c
Cephalexin sulfoxide
0.48
0.5
l-Cephalexind
0.70
0.5
e
Delta-3 cephalexin
0.95
0.5
Cephalexin
1.0
–
f
3-Hydroxy-4-methylthiophenone
1.1
0.5
N-Ethoxycarbonyl 7-aminodesacetoxycephalosporanic acidg
1.2
0.2
N-d-Phenylglycyl cephalexinh
1.5
0.5
i
Cephalexinyl d-phenylglycine
1.6
0.5
j
Cephalexin dimer
1.8
0.5
Any individual unspecified impurity
–
0.10
Total impurities
–
3.0
a (R)-2-Amino-2-phenylacetic acid.
b (6R,7R)-7-Amino-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid.
c (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5-oxide.
d (6R,7R)-7-[(S)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
e Delta-3 cephalexin; (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5thia-1-azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
f 3-Hydroxy-4-methylthiophen-2(5H)-one.
g (6R,7R)-7-(Ethoxycarbonylamino)-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene2-carboxylic acid.
h (6R,7R)-7-{(R)-2-[(R)-2-amino-2-phenylacetamido]-2-phenylacetamido}-3-methyl-8oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
i (R)-2-{(6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxamido}-2-phenylacetic acid.
j (6R,7R)-7-[(R)-2-{(6R,7R)-7-[(R)-2-amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia1-azabicyclo[4.2.0]oct-2-ene-2-carboxamido}-2-phenylacetamido]-3-methyl-8-oxo-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
2S (USP36)

Change to read:
• Procedure 2:
Dimethylaniline 223 :
Meets the requirement
SPECIFIC TESTS

2S (USP36)
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• Optical Rotation, Specific Rotation 781S
Sample solution: 5 mg/mL, in pH 4.4 Neutralized Phthalate Buffer (see Reagents,
Indicators, and Solutions—Buffer Solutions)
Acceptance criteria: +149 to +158
• Crystallinity

695 : Meets the requirements

• pH 791
Sample solution: 50 mg/mL in water
Acceptance criteria: 3.0–5.5
• Water Determination, Method I

921 : 4.0%–8.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
Add the following:
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, then the labeling
states with which Organic Impurities test the article complies. 2S (USP36)
• USP Reference Standards
USP Cephalexin RS

11
BRIEFING

Cephalexin Capsules, USP 35 page 2586. As part of USP's monograph modernization initiative
and on the basis of a request from the FDA and validation data from FDA-approved
manufacturers, it is proposed to revise the monograph as follows:
1.
The Assay is revised to provide the particle size of the column.
2.
The flexible monograph approach is used to allow manufacturers to perform either
Procedure 1 or Procedure 2 in the test for Organic Impurities, based on their labeling
instructions and impurity profile. A labeling statement is added to support this
change.
3.
Organic Impurities, Procedure 1 is based on a procedure that was validated using the
Ascentis Express C18 brand of L1 column. The typical retention time for cephalexin is
11 min.
4.
Organic Impurities, Procedure 2 is based on a procedure that was validated using the
YMC-Pack ODS AQ brand of L1 column. The typical retention time for cephalexin is
26 min.
5.
The Packaging and Storage section was updated to provide storage conditions based on
FDA-approved requirements.
6.
The monograph is updated to current USP style.
(SM1: A. Wise.)
Correspondence Number—C112940; C116553

Comment deadline: November 30, 2012
Cephalexin Capsules
DEFINITION
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Cephalexin Capsules contain the equivalent of NLT 90.0% and NMT 120.0% of the labeled
amount of cephalexin (C16 H17 N3 O4 S).
IDENTIFICATION
• The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: 0.985 g/L of sodium 1-pentanesulfonate in a mixture of acetonitrile,
methanol, triethylamine, and water (20:10:3:170), adjusted with phosphoric acid to a pH
of 3.0 ± 0.1
Standard stock solution: 1 mg/mL of USP Cephalexin RS in water
Standard solution: 0.4 mg/mL of cephalexin in Mobile phase from the Standard stock
solution
Sample stock solution: Equivalent to 1 mg/mL of cephalexin from the combined contents
of NLT 20 Capsules in water. Sonicate, if necessary, to dissolve the cephalexin. Filter, if
necessary, to obtain a clear solution.
Sample solution: 0.4 mg/mL of cephalexin in Mobile phase from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L1 of low acidity
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cephalexin (C16 H17 N3 O4 S) in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cephalexin RS in the Standard solution (mg/mL)
C=
U nominal concentration of cephalexin in the Sample solution (mg/mL)
P= potency of cephalexin in USP Cephalexin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Dissolution 711
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Medium: Water; 900 mL
Apparatus 1: 100 rpm
Time: 30 min
Standard solution: 20 µg/mL of USP Cephalexin RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter. Dilute
with Medium, if necessary, to a concentration of about 20 µg/mL.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 262 nm
Analysis
Samples: Standard solution and Sample solution
Tolerances: NLT 80% (Q) of the labeled amount of cephalexin (C16 H17 N3 O4 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities, Procedure 1: Use Organic Impurities, Procedure 1 when the impurity
profile includes cephalexin ethyl homolog.
Solution A: 2.7 g/L of monobasic potassium phosphate adjusted with phosphoric acid to a
pH of 3.0. [Note—It is recommended to use 99.99% pure monobasic potassium phosphate
to minimize interferences with the chromatographic baseline.]
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
99
1
2
99
1
10
88
12
14
75
25
25
60
40
27
60
40
28
99
1
34
99
1
Standard solution: 10 µg/mL of USP Cephalexin RS in Solution A
Sample solution: Nominally 1 mg/mL of cephalexin from the contents of Capsules in
Solution A. Transfer a suitable portion of the pooled contents of Capsules (NLT 20) to a
suitable volumetric flask, dilute with Solution A to 75% of the final volume, sonicate as
necessary, and dilute with Solution A to volume. Centrifuge a portion of this solution, and
use the supernatant. Store in the refrigerator.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 254 nm

621 , System Suitability.)
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Column: 4.6-mm × 10-cm; 2.7-µm packing L1
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 10.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cephalexin RS in the Standard solution (mg/mL)
C=
U nominal concentration of cephalexin in the Sample solution (mg/mL)
P= potency of cephalexin in USP Cephalexin RS (µg/mg)
F 1= conversion factor, 0.001 mg/µg
F 2= relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.03%. Disregard peaks that
elute after 28 min.

Name

Table 2
Relative
Retention
Time

7-Aminodesacetoxycephalosporanic acida,b
Cephalexin R-sulfoxidec
Cephalexin S-sulfoxided
Diketopiperazine derivativee
Delta-3 cephalexinf
Cephalexin
Cephalexin ethyl homologg,b
N-d-Phenylglycyl cephalexinh,b

0.14
0.27
0.52
0.80
0.96
1.0
1.2
1.4

-Naphtholi,b
Any individual unspecified degradation product

2.0
–

Relative
Response
Factor
–

Acceptance
Criteria,
NMT (%)
–

0.65
1.1
0.98
0.43
–
–
–

0.3
0.3
0.6
0.5
–
–
–

–

–

1.0

0.1

PF 38(5): Sep.-Oct. 2012

842

a (6R,7R)-7-Amino-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid.
b Process impurities that are controlled in the drug substance are not to be reported.
They are listed here for information only.
c (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5R-oxide.
d (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5S-oxide.
e (E)-3-(Hydroxymethylene)-6-phenylpiperazine-2,5-dione.
f (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
g (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-ethyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
h (6R,7R)-7-{(R)-2-[(R)-2-amino-2-phenylacetamido]-2-phenylacetamido}-3-methyl-8oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
i Naphthalen-2-ol.
2S (USP36)

Add the following:
• Organic Impurities, Procedure 2: Use Organic Impurities, Procedure 2 when the impurity
profile includes 3-hydroxy-4-methylthiophenone.
Buffer: 4 g/L of monobasic sodium phosphate adjusted with sodium hydroxide solution to a
pH of 5.0
Solution A: Acetonitrile and Buffer (2:98)
Solution B: Acetonitrile and Buffer (50:50)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
30
80
20
45
40
60
60
25
75
80
0
100
85
0
100
90
100
0
100
100
0
Diluent: 6.8 g/L of monobasic potassium phosphate
Standard solution: 20 µg/mL of USP Cephalexin RS in Diluent
Sample solution: Nominally 2 mg/mL of cephalexin in Diluent from the contents of Capsules
(NLT 20). Combine the contents of NLT 20 Capsules, finely powder them, and transfer the
appropriate portion to a suitable volumetric flask. Dilute with Diluent to volume, sonicating
as necessary. Pass through a suitable filter.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of cephalexin from the Standard solution
C=
S concentration of USP Cephalexin RS in the Standard solution (mg/mL)
C=
U nominal concentration of cephalexin in the Sample solution (mg/mL)
P= potency of cephalexin in USP Cephalexin RS (µg/mg)
F=
1 conversion factor, 0.001 mg/µg
F=
2 relative response factor (see Table 4)
Acceptance criteria: See Table 4. The reporting threshold is 0.05%.
Table 4

Name
d-Phenylglycinea,b
7-Aminodesacetoxycephalosporanic acidc,b
Cephalexin sulfoxided
l-Cephalexine,b
Delta-3 cephalexinf
Cephalexin
3-Hydroxy-4-methylthiophenoneg
N-Ethoxycarbonyl 7aminodesacetoxycephalosporanic acidh,b
N-d-Phenylglycyl cephalexini,b
Cephalexinyl d-phenylglycinej,b
Cephalexin dimerk,b
Any individual unspecified degradation product

Relative
Retention
Time
0.17
0.23
0.47
0.70
0.95
1.0
1.1
1.2
1.6
1.7
1.9
–

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
–
–
–
–
0.8
–

0.5
–

1.2
–
0.5

0.6
–
0.5

–

–

–
–
–
1.0

–
–
–
0.10
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a (R)-2-Amino-2-phenylacetic acid.
b Process impurities that are controlled in the drug substance are not to be reported.
They are listed here for information only.
c (6R,7R)-7-Amino-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid.
d (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5-oxide.
e (6R,7R)-7-[(S)-2-Amino-2- phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
f (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
g 3-Hydroxy-4-methylthiophen-2(5H)-one.
h (6R,7R)-7-(Ethoxycarbonylamino)-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene2-carboxylic acid.
i (6R,7R)-7-{(R)-2-[(R)-2-amino-2-phenylacetamido]-2-phenylacetamido}-3-methyl-8oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
j (R)-2-{(6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxamido}-2-phenylacetic acid.
k (6R,7R)-7-[(R)-2-{(6R,7R)-7-[(R)-2-amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia1-azabicyclo[4.2.0]oct-2-ene-2-carboxamido}-2-phenylacetamido]-3-methyl-8-oxo-5thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
2S (USP36)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at controlled room temperature. 2S (USP36)
Add the following:
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, then the labeling
states with which Organic Impurities test the article complies. 2S (USP36)
• USP Reference Standards
USP Cephalexin RS
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BRIEFING

Cephalexin for Oral Suspension, USP 35 page 2587. As part of USP's monograph
modernization initiative and on the basis of a request from the FDA and validation data from
an FDA-approved manufacturer, it is proposed to revise the monograph as follows:
1.
The Assay is revised to provide the particle size of the column.
2.
A test for Organic Impurities is added to modernize the monograph. The procedure was
validated using the Ascentis Express C18 brand of L1 column. The typical retention
time for cephalexin is 11 min.
3.
The monograph is updated to current USP style.
(SM1: A. Wise.)
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Correspondence Number—C113015

Comment deadline: November 30, 2012
Cephalexin for Oral Suspension
DEFINITION
Cephalexin for Oral Suspension is a dry mixture of Cephalexin and one or more suitable buffers,
colors, diluents, and flavors. It contains the equivalent of NLT 90.0% and NMT 120.0% of the
labeled amount of cephalexin (C16 H17 N3 O4 S) per mL when constituted as directed in the
labeling.
IDENTIFICATION
• The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: 0.985 g/L of sodium 1-pentanesulfonate in a mixture of acetonitrile,
methanol, triethylamine, and water (20:10:3:170), adjusted with phosphoric acid to a pH
of 3.0 ± 0.1
Standard stock solution: 1 mg/mL of USP Cephalexin RS in water
Standard solution: Mix 10.0 mL of the Standard stock solution with 15.0 mL of the Mobile
phase.
Sample stock solution: Nominally equivalent to 1 mg/mL of cephalexin from the Oral
Suspension constituted as directed in the labeling, freshly mixed, and free from air
bubbles. Sonicate, if necessary, to assure complete dissolution of the cephalexin. Filter, if
necessary, to obtain a clear solution.
Sample solution: Mix 10.0 mL of the Sample stock solution and 15.0 mL of the Mobile
phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm;
5-µm 2S (USP36)
packing L1 of low acidity
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of cephalexin (C16 H17 N3 O4 S) in each mL of constituted Oral
Suspension taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cephalexin RS in the Standard stock solution (mg/mL)
C=
U nominal concentration of cephalexin in the Sample stock solution (mg/mL)
P= potency of cephalexin in USP Cephalexin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
• Uniformity of Dosage Units
the requirements.
• Deliverable Volume

905 : For solid packaged in single-unit containers, it meets

698 : Meets the requirements

IMPURITIES
Add the following:
• Organic Impurities
Solution A: 2.7 g/L of monobasic potassium phosphate adjusted with phosphoric acid to a
pH of 3.0 [Note—It is recommended to use 99.99% pure monobasic potassium phosphate
to minimize interferences with the chromatographic baseline.]
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
99
1
2
99
1
10
88
12
14
75
25
25
60
40
27
60
40
28
99
1
34
99
1
Standard solution: 10 µg/mL of USP Cephalexin RS in Solution A
Sample solution: Nominally 1 mg/mL of cephalexin in Solution A prepared as follows.
Constitute Cephalexin for Oral Suspension as directed in the labeling. Transfer a suitable
portion of the freshly mixed suspension, free from air bubbles, to a suitable volumetric
flask, dilute with Solution A to 70% of the final volume, sonicate as necessary, and dilute
with Solution A to volume. Centrifuge a portion of this solution, and use the supernatant.
Store in the refrigerator.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 10-cm; 2.7-µm packing L1
Column temperature: 35
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 10.0%
Analysis
Samples: Standard solution, and Sample solution
Calculate the percentage of each impurity in the portion of Cephalexin for Oral Suspension
taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Cephalexin RS in the Standard solution (mg/mL)
C=
U nominal concentration of cephalexin in the Sample solution (mg/mL)
P= potency of cephalexin in USP Cephalexin RS (µg/mg)
F=
1 conversion factor, 0.001 mg/µg
F=
2 relative response factor (see Table 2)
Acceptance criteria: See Table 2. The reporting threshold is 0.03%. Disregard peaks that
elute after 28 min.

Name

Table 2
Relative
Retention
Time

7-Aminodesacetoxycephalosporanic acida,b
Cephalexin R-sulfoxidec
Cephalexin S-sulfoxided
Diketopiperazine derivativee
Delta-3 cephalexinf
Cephalexin
Cephalexin ethyl homologg,b
N-d-Phenylglycyl cephalexinh,b

0.14
0.28
0.52
0.80
0.96
1.0
1.2
1.4

-Naphtholi,b
Any individual unspecified degradation products

2.0
–

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
–
–
0.65
1.1
0.98
0.43
–
–
–

0.5
0.5
0.8
0.8
–
–
–

–

–

1.0

0.1
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a (6R,7R)-7-Amino-3-methyl-8-oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic
acid.
b Process impurities that are controlled in the drug substance are not to be reported.
They are listed here for information only.
c (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5R-oxide.
d (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid 5S-oxide.
e (E)-3-(Hydroxymethylene)-6-phenylpiperazine-2,5-dione.
f (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-methyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-3-ene-2-carboxylic acid.
g (6R,7R)-7-[(R)-2-Amino-2-phenylacetamido]-3-ethyl-8-oxo-5-thia-1azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
h (6R,7R)-7-{(R)-2-[(R)-2-amino-2-phenylacetamido]-2-phenylacetamido}-3-methyl-8oxo-5-thia-1-azabicyclo[4.2.0]oct-2-ene-2-carboxylic acid.
i Naphthalen-2-ol.
2S (USP36)

SPECIFIC TESTS
• pH

791 : 3.0–6.0, constituted as directed in the labeling

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Cephalexin RS

11
BRIEFING

Erythromycin Ethylsuccinate Tablets, USP 35 page 3089. On the basis of comments
received, it is proposed to expand the Dissolution test from its original, brief cross-reference
to Automated Methods of Analysis 16 to present a complete detailed procedure. The
Packaging and Storage section is revised to provide storage conditions based on the labeling
for FDA-approved products.
(SM1: A. Wise.)
Correspondence Number—C119126

Comment deadline: November 30, 2012
Erythromycin Ethylsuccinate Tablets
DEFINITION
Erythromycin Ethylsuccinate Tablets contain the equivalent of NLT 90.0% and NMT 120.0% of
the labeled amount of erythromycin (C37 H67 NO13 ).
IDENTIFICATION
• A. Thin-Layer Chromatography
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Standard solution: 3 mg/mL of USP Erythromycin Ethylsuccinate RS in methanol
Sample solution: Nominally 2.5 mg/mL of erythromycin from powdered Tablets in methanol.
Shake this mixture by mechanical means for about 30 min. Centrifuge a portion of this
mixture, and use the clear supernatant as the Sample solution.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing solvent system: Methanol and chloroform (85:15)
Spray reagent: Dehydrated alcohol, p-methoxybenzaldehyde, and sulfuric acid (90:5:5)
Analysis
Samples: Standard solution and Sample solution
Place the plate in an unlined chromatographic chamber, and develop in the Developing
solvent system until the solvent front has moved about 9 cm. Remove the plate from the
chamber, mark the solvent front, and allow the solvent to evaporate. Spray the plate with
the Spray reagent. Heat it at 100 for 10 min, and examine the chromatograms. The
erythromycin and succinic acid moieties appear as black-to-purple spots.
Acceptance criteria: The RF values of the principal spots from the Sample solution
correspond to those from the Standard solution.
ASSAY
• Procedure
Test dilution: Blend NLT 4 Tablets for 4 ± 1 min in a high-speed glass blender jar with a
sufficient volume of methanol to give a stock solution containing nominally NMT 5 mg/mL
of erythromycin. Dilute this stock solution quantitatively with Buffer No. 3 to obtain a Test
dilution having a concentration assumed to be equal to the median dose level of the
standard.
Analysis: Proceed as directed in Antibiotics—Microbial Assays
Acceptance criteria: 90.0%–120.0%

81 .

PERFORMANCE TESTS
Change to read:
• Dissolution 711
for nonchewable tablets
Medium: 0.01 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Solution A: 25 mg/mL of ferric chloride
Solution B: Slowly, and with constant mechanical stirring, add 325 mL of sulfuric acid to
173 mL of cold water. Allow the solution to cool, add 2 mL of Solution A and 1 g of pdimethylaminobenzaldehyde, and stir to dissolve. Store in a low-actinic flask. Prepare
Solution B on the day of use.
Standard solution: 0.44 mg/mL of USP Erythromycin RS in Medium. Sonicate as
necessary to dissolve. Use the Standard solution within 5.5 h.
Sample solution: Pass a portion of the solution under test through a filter having a pore
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size of 0.5 µm or less, discarding the first 5 mL of the filtrate.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Vis
Analytical wavelength: 480 nm
Blank: Medium
Analysis
Samples: Standard solution and Sample solution
To three separate 50-mL glass-stoppered conical flasks add 2.0 mL of Standard solution,
2.0 mL of Sample solution, and 2.0 mL of the Blank. Place the flasks in an ice bath for
about 15 min. At precise 1-min intervals add 10.0 mL of Solution B to the Standard
solution, the Sample solution, and the Blank, in turn. Immediately after adding Solution
B, remove each flask from the ice bath, insert the stopper, mix, and allow to stand at
room temperature for exactly 30 min. Sequentially determine the absorbance at 480 nm
of the Standard solution and the Sample solution at precise 1-min intervals using the
Blank to set the spectrophotometer to zero.
Calculate the percentage of the labeled amount of erythromycin (C37 H67 NO13 )
dissolved:
Result = (AU/AS) × CS × V × P × F × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Erythromycin RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
P= potency of erythromycin in USP Erythromycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
L= label claim (mg/Tablet)
Acceptance criteria: NLT 75% (Q) of the labeled amount of erythromycin (C37 H67 NO13 )
is dissolved.
for tablets labeled as chewable
Medium: 0.1 M acetate buffer, pH 5.0; 900 mL
Apparatus 2: 75 rpm
Time: 60 min
Buffer A: 33.25 g/L of sodium acetate in water. Adjust with glacial acetic acid to a pH of
4.8 ± 0.1 before diluting to final volume.
Buffer B: pH 7.6 phosphate buffer (see Reagents, Indicators, and Solutions—Solutions.)
Standard stock solution: 0.5 mg/mL of USP Erythromycin RS in Buffer A
Standard solutions: Transfer 8.0-, 4.0-, and 1.0-mL volumes of the Standard stock
solution to separate 100-mL volumetric flasks, add 6.0 mL of Buffer B and 6.0 mL of
Medium to each flask, and dilute with Buffer A to volume. The Standard solutions have
known concentrations of about 40, 20, and 5 µg/mL of USP Erythromycin RS,
respectively.
Sample solution: Transfer 6.0 mL of the solution under test to a 50-mL volumetric flask,
add 6.0 mL of Buffer B, and heat in boiling water for 30 min. Cool to room temperature,
and dilute with Buffer A to volume.
Arsenomolybdate stock solution: Dissolve 100 g of ammonium molybdate in 1.7 L of
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water in a 2-L volumetric flask. Slowly add, with mixing, 84 mL of sulfuric acid. Add 12 g
of sodium arsenate dissolved in 100 mL of water. Dilute with water to volume. Store in
an amber bottle for 24 h before using. This solution should not come in contact with
rubber.
Arsenomolybdate solution: Water and Arsenomolybdate stock solution (2:1). Prepare
freshly on the day of use.
4.5 M sulfuric acid: Add 1.5 L of water to a 2-L volumetric flask, and place the flask in
an ice bath. Slowly add, with stirring, 300 mL of sulfuric acid. Allow the solution to cool,
dilute with water to volume, and mix. At the time of use, add 0.5 g of sodium dodecyl
sulfate to each L.
Apparatus: To determine the absorbance values, use an automated analyzer (illustrated
in the Diagram of Dissolution Test Method for Erythromycin Ethylsuccinate Tablets
labeled as Chewable under Automated Methods of Analysis

16 )

2S (USP36)

consisting of a liquid sampler; a proportioning pump; a manifold; and a spectrophotometer
equipped with matched flow cells, suitable recording devices, and analysis capability at
660 nm.
See Figure 1.

Figure 1
2S (USP36)

Analysis
Samples: Standard solutions and Sample solution
Adjust the system until a steady baseline is achieved. Start the sampler, and conduct
determinations at a rate of about 40–60/h with a 3:1 (sample/wash) ratio. Adjust the
analyzer flow rates, if necessary, to optimize system performance.
Calculate the percentage of the labeled amount of erythromycin (C37 H67 NO13 ) dissolved:
Result = (AU/AS) × CS × V × P × F × (1/L) × 100
A=
U response of the Sample solution
A=
S response of the Standard solution
C=
S concentration of USP Erythromycin RS in the Standard solution (mg/mL)
V= volume of Medium, 900 mL
P= potency of erythromycin in USP Erythromycin RS (µg/mg)
F= conversion factor, 0.001 mg/µg
L= label claim (mg/Tablet) 2S (USP36)
Acceptance criteria: NLT 75% (Q) of the labeled amount of erythromycin (C37 H67 NO13 ) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements
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SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry 100 mg in vacuum at a pressure not exceeding 5 mm of mercury at 60 for 3
h.
Acceptance criteria: NMT 4.0%; Chewable Tablets are exempt from this requirement.
• Water Determination, Method I

921 : NMT 5.0%; Chewable Tablets only

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers,
protect from light and moisture, and store at a temperature below 30 . 2S (USP36)
• Labeling: Label the Chewable Tablets to indicate that they are to be chewed before
swallowing.
• USP Reference Standards 11
USP Erythromycin RS
USP Erythromycin Ethylsuccinate RS
BRIEFING
Flunixin Meglumine Injection, USP 35 page 3223. As part of USP monograph modernization
efforts, it is proposed to make the following changes:
1.
Revise the Definition to include a statement regarding preservatives.
2.
Replace the current UV identification test with an HPLC retention time agreement based
on the Assay.
3.
Revise the current TLC identification test to reference the General Chapter Thin–Layer
Chromatographic Identification Test 201 .
4.
Replace the current UV Assay procedure with an HPLC procedure utilizing a Inertsil ODS3 brand of C18 column. The typical retention time of flunixin is 10.5 min.
5.
Introduce a new Organic Impurities test based on the new HPLC Assay procedure.
6.
Add a requirement for Particulate Matter in Injections 788 if labeled for IV use.
7.
Revise the Packaging and Storage conditions to be consistent with currently approved
products.
(SM3: M. Puderbaugh.)
Correspondence Number—C104867

Comment deadline: November 30, 2012
Flunixin Meglumine Injection
DEFINITION
Change to read:
Flunixin Meglumine Injection is a sterile solution of Flunixin Meglumine in Water for Injection. It
contains the equivalent of NLT 90.0% and NMT 110.0% of the labeled amount of flunixin
(C14 H11 F 3 N2 O2 ).
It may contain phenol or another suitable preservative. 2S (USP36)
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IDENTIFICATION
Change to read:
• A. The UV absorption spectrum of the Sample solution obtained in the Assay exhibits maxima
and minima at the same wavelengths as that of the Standard solution, concomitantly
measured.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
Change to read:
• B. Thin Layer Chromatographic Identification Test 201
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Standard solution: 3 mg/mL of USP Flunixin Meglumine RS in methanol
Sample solution: Transfer the equivalent to 50 mg of flunixin from Injection, to a 50-mL
centrifuge tube. Add 10 mL of Buffer, prepared as directed in the Assay, and extract with
25 mL of ethyl acetate. Use the upper phase as the Sample solution.
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Application volume: 10 µL
Developing solvent system: Toluene, ethyl acetate, glacial acetic acid, and water
(75:25:10:1)
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms in the Developing solvent system until the solvent front has
moved about three-fourths of the length of the plate. Allow the spots to air-dry and
examine the plate under short-wavelength UV light.
Acceptance criteria: The RF value of the principal spot of the Sample solution
corresponds to that of the Standard solution.
Buffer: Dissolve 4.1 g of anhydrous sodium acetate in 500 mL of water. Add 2.9 mL of
glacial acetic acid, and dilute with water to 1000 mL.
Standard solution: 3 mg/mL of USP Flunixin Meglumine RS in methanol
Sample solution: Transfer the equivalent to 50 mg of flunixin from Injection, to a 50-mL
centrifuge tube. Add 10 mL of Buffer and extract with 25 mL of ethyl acetate. Use the
upper phase as the Sample solution.
Chromatographic system
Adsorbent: Silica gel
Application volume: 10 µL
Developing solvent system: Toluene, ethyl acetate, glacial acetic acid, and water
(75:25:10:1)
Acceptance criteria: Meets the requirements 2S (USP36)
ASSAY
Change to read:
• Procedure
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Buffer: Dissolve 4.1 g of anhydrous sodium acetate in 500 mL of water. Add 2.9 mL of
glacial acetic acid, and dilute with water to 1000 mL.
Standard stock solution: 1.65 mg/mL of USP Flunixin Meglumine RS in 0.1 N sodium
hydroxide
Standard solution: 0.066 mg/mL of USP Flunixin RS in 0.1 N hydrochloric acid from
Standard stock solution
Sample solution: Equivalent to 100 mg of flunixin from Injection, to a 50-mL centrifuge
tube. Add 20 mL of Solution A, and extract with three 25-mL portions of ethyl acetate.
Combine the extracts, filter, and evaporate to dryness on a steam bath under a stream
of nitrogen. Dissolve the residue in 0.1 N sodium hydroxide, and transfer to a 100-mL
volumetric flask with the aid of 0.1 N sodium hydroxide. Dilute with 0.1 N sodium
hydroxide to volume. Transfer 4.0 mL of this solution to a second 100-mL volumetric
flask, and dilute with 0.1 N hydrochloric acid to volume.
Spectrometric conditions
(See Spectrophotometry and Light-scattering

851 .)

Mode: UV
Analytical wavelength: 327 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of flunixin ( C14 H11 F 3 N2 O2 ) in each mL of Injection taken:
(AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Flunixin Meglumine RS in the Standard solution (mg/mL)
CU= nominal concentration of flunixin meglumine in the Sample solution (mg/mL)
Mr1
= molecular weight of flunixin, 296.25
Mr2
= molecular weight of flunixin meglumine, 491.46
Mobile phase: Methanol, water, and acetic acid (70:30:1)
Diluent: Methanol and water (70:30)
System suitability solution: 0.33 mg/mL of USP Flunixin Meglumine RS and 0.02 mg/mL
of phenol in Diluent
Standard solution: 0.33 mg/mL of USP Flunixin Meglumine RS in Diluent
Sample solution: Transfer an amount of Injection equivalent to 500 mg of flunixin to a
250-mL volumetric flask, and dilute with Diluent to volume. Further dilute this solution
with Diluent to obtain a solution containing 0.2 mg/mL of flunixin. Pass a portion of this
solution through a filter of 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm ×15-cm; 5-µm packing L1
Column temperature: 30 ± 2

PF 38(5): Sep.-Oct. 2012

855

Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 17 between phenol and flunixin meglumine
Tailing factor: NMT 2.0 for flunixin meglumine
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of flunixin (C14 H11 F 3 N2 O2 ) in the
portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Flunixin Meglumine RS in the Standard solution (mg/mL)
CU= nominal concentration of flunixin in the Sample solution (mg/mL)
Mr1
= molecular weight of flunixin, 296.25
Mr2
= molecular weight of flunixin meglumine, 491.46
2S (USP36)

Acceptance criteria: 90.0%–110.0%
IMPURITIES
Add the following:
• Organic Impurities
Diluent, Mobile phase, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.167 µg/mL of USP Flunixin Meglumine RS in Diluent from the
Standard solution
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements
Resolution: NLT 17 between phenol and flunixin meglumine, System suitability solution
Tailing factor: NMT 2.0, System suitability solution
Relative standard deviation: NMT 10.0%, Sensitivity solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Sample solution and Sensitivity solution
Calculate the percentage of each impurity in the portion of Injection taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
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Acceptance criteria: See Table 1. Disregard any peak less than the response of the
flunixin meglumine peak as obtained from the Sensitivity solution (0.05%). Disregard the
peak due to phenol, if present, which elutes at a relative retention time of 0.25 with
respect to flunixin.
Table 1
Acceptance
Criteria,
Name
NMT (%)
Any unspecified impurity
1.0
Total impurities
2.0
2S (USP36)

SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 4.54 USP Endotoxin Units/mg of flunixin

• Sterility Tests 71 : It meets the requirements when tested as directed in Test for
Sterility of the Product to Be Examined, Membrane Filtration.
• pH

791 : 7.8–9.0

Add the following:
• Particulate Matter in Injections

788 : Meets requirements if labeled for IV use.

2S (USP36)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in multiple-dose containers, and store at controlled room
temperature
between 2 and 30 . 2S (USP36)
• Labeling: Label Injection to indicate that it is for veterinary use only.
• USP Reference Standards
USP Endotoxin RS
USP Flunixin Meglumine RS

11

BRIEFING
Fluticasone Propionate Inhalation Aerosol. Because there is no existing USP monograph for
this dosage form, a new monograph is proposed. The isocratic HPLC procedures used in the
Assay and the tests for Particle Size Distribution by Cascade Impactor and Delivered Dose
Uniformity are based on validations performed with the Zorbax Stablebond SB-C18 brand of
L1 column in which fluticasone propionate elutes at a retention time of about 1.3 min. The
gradient elution HPLC procedure used in the test for Organic Impurities is based on
validations performed with the Inertsil ODS2 brand of L1 column in which fluticasone
propionate elutes at a retention time of about 30 min. The equipment used for Particle Size
Distribution and the dose collection in Delivered Dose Uniformity are modified from what is
provided in general test chapter 601 . The details of modification and the engineering
diagrams have been included in the proposal to facilitate evaluation. Interested parties are
invited to submit comments.
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(SM4: R. Ravichandran.)
Correspondence Number—C68160

Comment deadline: November 30, 2012
Add the following:
Fluticasone Propionate Inhalation Aerosol
DEFINITION
Fluticasone Propionate Inhalation Aerosol is a suspension of Fluticasone Propionate with
suitable propellants in a pressurized container. The mean content per actuation contains NLT
85% and NMT 115% of the labeled amount of fluticasone propionate (C25 H3I F 3 O5 S).
IDENTIFICATION
• A. Infrared Absorption 197A
Spectral range: 4000 cm 1 to 600 cm 1
Samples: Deposit between 5 and 20 actuations onto the zinc selenide plate of the HATR
(Horizontal ATR) accessory. Dry the zinc selenide plate.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.01 M sodium dodecyl sulfate containing 0.1% glacial acetic acid
Solution A: Methanol and Buffer (20:80).
Mobile phase: Acetonitrile and Solution A (1:1)
Standard solution: 50 µg/mL of USP Fluticasone Propionate RS in acetonitrile and water
(1:1)
Sample solution: Nominally 50 µg/mL of fluticasone propionate prepared as follows. Shake
the canister vigorously, and cool for 10 min in a dry ice–methanol bath. Remove the
canister from the bath, and shake vigorously. Using a suitable device, carefully remove
and keep the valve, and pour the contents into a suitable container. Allow the propellant
to evaporate. Transfer the canister content to a suitable volumetric flask fitted with a
suitable funnel using about 12% of the flask volume of acetonitrile. Add 50% of the flask
volume of water. Swab the outer part of the valve with damp cotton wool soaked in
acetonitrile. Place the swab in the neck of the funnel in the volumetric flask. Allow the
valve to dry, then dismantle, and wash the components and the canister wall with
acetonitrile. Collect the washings, and place in the same volumetric flask as the sample.
Allow the flask to come to room temperature, and dilute with acetonitrile to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 5-cm; 3.5µm packing L1
Flow rate: 2 mL/min
Column temperature: 40
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Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The retention time for the peak due to fluticasone propionate must be within the
range of 1.0–1.6 min.]
Suitability requirements
Tailing factor: NMT 1.3 for the fluticasone propionate peak
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of fluticasone propionate (C25 H3I F 3 O5 S)
in the portion of the Inhalation Aerosol taken:
Result = (rU/rS) × (CS/CU) 100
rU= response from the Sample solution
rS= response from the Standard solution
C=
S concentration of USP Fluticasone Propionate RS in the Standard solution (µg/mL)
C=
U nominal concentration of fluticasone propionate in the Sample solution (µg/mL)
Acceptance criteria: 85%–115%
PERFORMANCE TESTS
• Particle Size Distribution by Cascade Impaction 601
Sampling apparatus: Apparatus 1 in 601
Entrance cone (Figure 2) are to be used.

with a modified Induction port (Figure 1) and

Figure 1. Expanded view of the modified Induction port.

Figure 2. Expanded view of the modified Entrance cone.
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Buffer, Solution A, and Mobile phase: Proceed as directed in the Assay.
Diluent: Methanol and water (60:40)
Standard solution: 0.75 µg/mL of USP Fluticasone Propionate RS in Diluent
Sample solutions: Prime the valve by discharging a predetermined number of actuations to
waste. Discharge the number of actuations given in Table 1 into the cascade impaction
sampling apparatus described in Figure 1 and Figure 2.
Table 1
Product Strength
(µg/actuation) Number of Actuations
44
10
110
8
220
4
Detach the inhaler, and rinse each piece of the apparatus with methanol into a suitable
volumetric flask containing 40% of the flask volume of water. The final concentration of
the expected amount of fluticasone propionate should be in the range of 0.02–3.5 µg/mL.
Allow the solutions to equilibrate, and dilute with methanol to volume. Repeat these steps
on an additional four Inhalation Aerosols for a total of five Sample solutions.
Chromatographic system and System suitability: Proceed as directed in the Assay,
except use 50 µL for Injection volume.
Analysis
Samples: Standard solution and Sample solutions
Calculate the quantity, in µg/actuation, of fluticasone propionate (C25 H31 F 3 O5 S) in the
Sample solutions:
Result = [(rU/rS) × CS] × V/N
rU= response from the Sample solution
rS= response from the Standard solution
C=
S concentration of USP Fluticasone Propionate RS in the Standard solution (µg/mL)
V= total volume of the Sample solution (mL)
N= number of actuations discharged into the apparatus
Acceptance criteria: The mass of fluticasone propionate recovered from the cascade
impactor is given in Table 2.
Table 2
Product Strength Amount of Fluticasone Propionate Recovered
(µg/actuation)
(µg/actuation)
44
35.2–48.4
110
90–124
220
176–242
The mass of fluticasone propionate deposited in each grouping of the Sampling apparatus
for each inhaler is given in Table 3.
Table 3
Amount of Fluticasone Propionate Deposited (µg)
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Apparatus Component
Induction port
Sum of Stages 0, 1, and 2
Sum of Stages 3,4, and 5
Sum of Stages 6, 7, and
filter

860

44
µg/actuation
9–22
NMT 8
14–27
NMT 2

110
µg/actuation
26–56
NMT 21
35–60
NMT 3

220 µg/actuation
66–112
NMT 46
67–110
NMT 3

The mean mass of fluticasone propionate deposited in each grouping of the Sampling
apparatus for the five inhalers is given in Table 4.
Table 4
Amount of Fluticasone Propionate Deposited (µg)
Apparatus Component
Induction port
Sum of Stages 0, 1 & 2
Sum of Stages 3, 4 & 5
Sum of Stages 6, 7, and
filter

44
µg/actuation
10–21
NMT 7
15–26
NMT 2

110
µg/actuation
28–54
NMT 19
37–58
NMT 3

220 µg/actuation
69–109
NMT 44
71–106
NMT 3

• Delivered Dose Uniformity 601
Sampling Apparatus: Use the apparatus (Figure 3A) with modified glass sampling device
(Figure 3B).

Figure 3A. Sampling apparatus.
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Figure 3B. Expanded view of the modified glass sample collection apparatus.
Buffer, Solution A, and Mobile phase: Proceed as directed in the Assay.
Diluent: Methanol and water (60:40)
Standard solution: 0.75 µg/mL of USP Fluticasone Propionate RS in Diluent
Sample solutions: Prime the valve by discharging a predetermined number of actuations to
waste. Discharge the recommended dose at the beginning of use (BOU) into the sampling
apparatus, and detach the inhaler. Rinse the apparatus with methanol, and quantitatively
transfer the solutions to a 200-mL volumetric flask containing 80 mL of water. Allow the
solution to equilibrate, and dilute with methanol to volume. Discharge the requisite number
of actuations to waste, shaking the inhaler before each discharge, until the last
recommended dose remains. Discharge the remaining recommended dose at end of use
(EOU) corresponding to the labeled number of actuations into the sampling apparatus, and
detach the inhaler. Rinse the apparatus with methanol, and quantitatively transfer the
solution to a 200-mL volumetric flask containing 80 mL of water. Allow the solution to
equilibrate, and dilute with methanol to volume. Repeat these steps on an additional nine
inhalers for a total of 20 Sample solutions.
Chromatographic system and System suitability: Proceed as directed in the Assay,
except use 50 µL for Injection volume.
Analysis
Samples: Standard solution and Sample solutions
Calculate the percentage of the labeled amount of fluticasone propionate (C25 H3I F 3 O5 S)
delivered by the inhaler in each Sample solution:
Result = (rU/rS) × (CS/CU) × 100
rU= response from the Sample solution
rS= response from the Standard solution
C=
S concentration of USP Fluticasone Propionate RS in the Standard solution (µg/mL)
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C=
U nominal concentration of fluticasone propionate in the Sample solution (µg/mL)
Acceptance Criteria: See Table 5 and 6.
Table 5
Parameter
Label Claim
Mean of 10 BOU contents
Mean of 10 EOU contents
Number of individual contents
outside 80–120% of label claim
Each individual content

Acceptance Criteria
44
110
220
µg/actuation
µg/actuation
µg/actuation
85–115% of label 85–115% of label 85–115% of label
claim
claim
claim
85–115% of label 85–115% of label 85–115% of label
claim
claim
claim
NMT 2 of 20
NMT 2 of 20
NMT 2 of 20
70–130% of label 75–125% of label 75–125% of label
claim
claim
claim

Test an additional 20 inhalers (BOU and EOU) if up to 6 of the 20 individual results are
outside of 80%–120% of label claim, but none are outside 70%–130% of the label claim for
the 44 µg product strength or none are outside 75%–125% of the label claim for the 110
µg/actuation and 220 µg/actuation.
Table 6
Parameter

Acceptance Criteria

Label Claim
Mean of 30 BOU contents
Mean of 30 EOU contents
Number of individual contents outside
80–120% of label claim
Each individual content

110
220
44 µg/actuation
µg/actuation
µg/actuation
85–115% of label 85–115% of label 85–115% of label
claim
claim
claim
85–115% of label 85–115% of label 85–115% of label
claim
claim
claim
NMT 6 of 60
NMT 6 of 60
NMT 6 of 60
70–130% of label 75–125% of label 75–125% of label
claim
claim
claim

IMPURITIES
• Organic Impurities
[Note—Protect the Sample solutions and Standard solutions from light.]
Solution A: Prepare a solution of 0.05% v/v phosphoric acid in acetonitrile.
Solution B: Prepare a solution of 0.05% v/v phosphoric acid in methanol.
Solution C: Prepare a solution of 0.05% v/v phosphoric acid in water.
Mobile phase: See Table 7.
Table 7
Time
Solution A Solution B
(min)
(%)
(%)
0
42
3
40
53
3
60
87
3

Solution C
(%)
55
44
10
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70
87
3
10
System suitability solution: Dissolve 2 mg of USP Fluticasone Propionate System
Suitability Mixture RS in 5 mL of Solution A. Add 5 mL of Solution C, and mix.
Sample solution: Nominally 200 µg/mL of fluticasone propionate in Solution A prepared as
follows. Place a canister into a freezing mixture of dry ice and methanol, and cool for
approximately 5 min. Carefully remove the valve from the canister, and pass the contents
through a filter of 0.22-µm pore size. When the filter bed is dry, wash it with two 5-mL
aliquots of cyclohexane. Allow the paper to dry, then carefully transfer to an appropriate
container. Dissolve the drug present on the filter paper in 50% of the final required volume
of Solution A. Dilute with Solution C to volume to obtain the nominal concentration.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Column temperature: 40
Injection volume: 50 µL
System suitability
Sample: System suitability solution
[Note—See Table 8 for relative retention times.]
Suitability requirements
Resolution
NLT 0.6 between the fluticasone propionate related compound B and fluticasone
propionate related compound C peaks
NLT 1.5 between the fluticasone propionate related compound D and fluticasone
propionate peaks
Tailing factor: NMT 1.1 for the fluticasone propionate peak
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Inhalation Aerosol taken:
Result = (rU/rS) × 100
r=
U response of each impurity from the Sample solution
r=
S total peak area for all peaks 0.05% by area of the peak due to fluticasone propionate
from the Sample solution
Acceptance criteria: See Table 8.
Table 8

Name
Fluticasone sulfenic acida
Fluticasone propionate related compound Bb
Fluticasone propionate related compound Cb

Relative
Retention
Time
0.47
0.74
0.76

Acceptance
Criteria
(%)
<0.2
—
—
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Fluticasone propionate related compound D
Fluticasone propionate
Chlorofluticasone propionatec
Fluticasone propionate dimerd
Any unspecified degradation product
Total impuritiese

0.95
1.0
1.19
1.33
—
—

<0.3
—
<0.3
<0.3
<0.1
NMT 1.0

a 6 , 9 -Difluoro-11 -hydroxy-16 -methyl-3-oxo-17 -propionyloxyandrosta-1,4-diene17 -carbonylsulfenic acid.
b These are process impurities which are included in the table for identification only.
These impurities are controlled in the drug substance and are not included in the total
impurities.
c S-chloromethyl-6 ,9 -difluoro-11 -hydroxy-16 -methyl-3-oxo-17 propionyloxyandrosta-1,4-diene-17 carbothioate.
d 6 , 9 -Difluoro-11 ,17 -dihydroxy-16 -methyl-3-oxoandrosta-1,4-diene-17 carboxylic acid 6 , 9 -difluoro-17 -(fluoromethylthio)carbonyl-11 -dihydroxy-16 methyl-3-oxoandrosta-1,4-diene-17 -yl ester.
e Sum of all impurity peaks 0.05%.
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 101 cfu/g of formulation. The total aerobic
yeasts and molds count does not exceed 101 cfu/g of formulation. It meets the
requirements of the tests for absence of Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli, and Salmonella species in 10 g of the formulation.
• Foreign Particulate Matter 788 The test described below and the specification is only
applicable to a microscopic particle count test methodology. General test chapter 788
describes details of the test apparatus to be used for the determination of particulate
matter using a microscopic particle count test methodology. Samples should be carefully
prepared to avoid environmental contamination, and testing should be performed with
suitable controls, including the appropriate use of blank determinations.
Filter: Mixed cellulose and ester filter; 25-mm diameter and 0.45-µm pore size
Sample solution: Perform testing on two previously unused inhalers. Prime each inhaler by
discharging a predetermined number of actuations to waste. Discharge, and dissolve 16
actuations, 8 from each of two canisters in 50 mL of methanol.
Analysis
Sample: Sample solutions
Pass the Sample solution through the Filter, and allow the Filter to dry under conditions
that will limit particulate contamination. Using a microscopic particle count test method,
enumerate the number of particles present in the Sample solution. Calculate the number
of particles per actuation by the formula:
Result = (N<10 + N10–100 + N>100 )/16
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N<10 = total number of particles <10 µm present in the Sample solution
N10–100= total number of particles between 10 and 100 µm present in the Sample solution
N>100 = total number of particles >100 µm present in the Sample solution
Acceptance criteria: See Table 9.
Table 9
Particle Size Range Number of Particles per Actuation
(µm)
(NMT)
<10
140
10–100
50
>100
5
Total
185
• Other Requirements: It meets the requirements for Aerosols, Nasal Sprays, Metered-Dose
Inhalers, and Dry Powder Inhalers
Leakage Test.

601 , Number of Discharges per Container and

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in non-reactive, light-resistant aerosol containers with
metered valves fitted with a dose counter and provided with oral inhalation actuators.
Avoid exposure to heat. Store at controlled room temperature.
• USP Reference Standards 11
USP Fluticasone Propionate RS
USP Fluticasone Propionate System Suitability Mixture RS
It is a mixture of:
Fluticasone propionate;
Fluticasone propionate related compound B: [6 , 9 -difluoro-11 -hydroxy-16 methyl-2¢,3,4¢-trioxo-17 -spiro(androsta-1,4-diene-17,5¢-(1,3)oxathiolane];
Fluticasone propionate related compound C: [S-fluoromethyl 17 -acetyloxy-6 , 9 difluoro-11 -hydroxy-16 -methyl-3-oxoandrosta-1,4-diene-17 -carbothioate];
Fluticasone propionate related compound D: [S-methyl 6 , 9 -difluoro-11 -hydroxy16 -methyl-3-oxo-17 -propionyloxyandrosta-1,4-diene-17 -carbothioate].
2S (USP36)

BRIEFING
Fluticasone Propionate Inhalation Powder. Because there is no USP monograph for this
dosage form, a new monograph is proposed. The isocratic HPLC procedures used in the
Assay and the tests for Particle Size Distribution by Cascade Impactor and Delivered Dose
Uniformity are based on validations performed with the Zorbax Stablebond SB-C18 brand of
L1 column in which fluticasone propionate elutes at about 1.3 min. The gradient elution HPLC
procedure used in the test for Organic Impurities is based on validations performed with the
Inertsil ODS2 brand of L1 column in which fluticasone propionate elutes at about 30 min. The
equipment used for Particle Size Distribution and the dose collection in Delivered Dose
Uniformity are modified from what is provided in general test chapter 601 . The details of
modification and the engineering diagrams have been included in the proposal to facilitate
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evaluation. Interested parties are invited to submit comments.
(SM4: R. Ravichandran.)
Correspondence Number—C68159

Comment deadline: November 30, 2012
Add the following:
Fluticasone Propionate Inhalation Powder
DEFINITION
Fluticasone Propionate Inhalation Powder contains NLT 90% and NMT 110% of the labeled
amount of fluticasone propionate (C25 H31 F 3 O5 S).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Delivered Dose Uniformity.
ASSAY
• Procedure
Buffer: 0.01 M sodium dodecyl sulfate containing 0.1% glacial acetic acid
Solution A: Methanol and Buffer (20:80)
Mobile phase: Acetonitrile and Solution A (49:51)
Diluent: Methanol and water (70:30)
Standard solution: 6–12 µg/mL of USP Fluticasone Propionate RS in Diluent
Sample solution: Nominally 6–12 µg/mL of fluticasone propionate from NLT 12 unit doses in
Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 5-cm; 3.5-µm packing L1
Flow rate: 2 mL/min
Column temperature: 40
Injection volume: 50 µL
System suitability
Sample: Standard solution
[Note—The retention time for the peak due to fluticasone propionate will be within the
range of 1.0–1.6 min.]
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fluticasone propionate (C25 H31 F 3 O5 S) in the portion of
Inhalation Powder taken:
Result = (rU/rS) × (CS/CU) × 100
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Result = (rU/rS) × (CS/CU) × 100
rU= response from the Sample solution
rS= response from the Standard solution
C=
S concentration of USP Fluticasone Propionate RS in the Standard solution (µg/mL)
C=
U nominal concentration of fluticasone propionate in the Sample solution (µg/mL)
Acceptance criteria: NLT 90% and NMT 110%
PERFORMANCE TESTS
• Particle Size Distribution by Cascade Impaction 601
Sampling apparatus: Modified Apparatus 3 (Figure 1) in 601 with a modified Induction
port (Figure 2), and Preseparator Top (Figure 3) are to be used.

Figure 1. Cascade impaction sampling apparatus (Modified Apparatus 3 in
induction port and preseparator top.

Figure 2. Expanded view of the modified Induction port.

601 ) including
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Figure 3. Expanded view of the Preseparator Top.
Buffer, Solution A, Mobile phase , Diluent, Chromatographic system, and System
suitability: Proceed as directed in the test for Assay.
Standard solution: 0.1–1.5 µg/mL of USP Fluticasone Propionate RS in Diluent
Sample solutions: Discharge the required number of unit doses given in Table 1 into the
cascade impaction sampling apparatus described in Figure 2.
Table 1
Product Strength Number of
(µg/dose)
Unit Doses
50
15
100
10
250
10
Operate the pump for 3 s at an airflow rate of 60 L/min for each dose discharged. Detach
the inhaler, and rinse each piece of the apparatus with methanol. Transfer the washings
to a suitable volumetric flask containing 30% of the flask volume of water. Allow the
solutions to equilibrate to room temperature, and dilute with methanol to volume. The
concentration of the expected amount of fluticasone propionate should be in the
concentration range of 0.1–1.5 µg/mL. Repeat these steps for four additional sample
preparations, for a total of five sample solutions.
Analysis
Samples: Standard solution and Sample solutions
Calculate the quantity, in µg/unit dose, of fluticasone propionate (C25 H31 F 3 O5 S) in each
Sample solution:
Result = [(rU/rS) × CS] × V/N
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Fluticasone Propionate RS in the Standard solution (µg/mL)
V= total volume of the Sample solution (mL)
N= number of unit doses discharged into the apparatus
Acceptance criteria
The total mass of drug recovered from the cascade impactor must be within ±15% of the
target emitted dose in Table 2.
Table 2. Fluticasone Propionate Target Emitted Dose
Product Strength Fluticasone Propionate Target Emitted Dose
(µg/dose)
(µg/unit dose)
50
46
100
94
250
229
The mass of fluticasone propionate deposited in each grouping of the cascade impactor
Sampling apparatus for each unit dose is given in Table 3.
Table 3. Amount of Fluticasone Propionate in Cascade Impactor Stage Groupings
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Amount of Fluticasone Propionate
Deposited
(µg)
Apparatus Component
Mouthpiece adaptor, Induction port, Preseparator,
and Stage 0
Sum of Stages 1–5
Sum of Stages 3 and 4
Sum of Stages 6, 7, and filter

50
µg/dose
30–45
8–14
3–8
<1

100
µg/dose

250
µg/dose

55–90
15–30
6–18
NMT 1

140–210
40–71
19–42
NMT 3

All the groupings for each sample preparation must meet the criteria in Table 3.
If NMT one of the four sample preparations fails to meet the requirements in Table 3, but
is within 25% of either the lower or upper specification limit being tested, analyze two
additional samples. The batch meets the requirements if five of the six sample
preparations meet the limits in Table 3 for the individual sample preparations.
• Delivered Dose Uniformity 601
Sampling apparatus: Use the apparatus in Figure 4A with the modified glass sampling
device (Figure 4B).

Figure 4A. Sampling apparatus.

Figure 4B. Expanded view of the modified glass sample collection apparatus.
Buffer, Solution A, Mobile phase, Diluent, Chromatographic system, and System
suitability: Proceed as directed in Assay
Standard solution: (L/200) µg/mL of USP Fluticasone Propionate RS in Diluent, where L is
the labeled amount of fluticasone propionate in µg/dose
Sample solutions: Discharge a single unit dose into the apparatus shown in Figure 4A.
Operate the pump for 2 s at an airflow of 60 L/min to collect the dose. Detach the inhaler,
and rinse the mouthpiece adaptor and each piece of the sample collection chamber with
methanol. Place the filter and washings into a container. and sonicate for 5 min.
Quantitatively transfer the contents to a 200-mL volumetric flask containing 60 mL of
water. Allow the solution to equilibrate, and dilute with methanol to volume. Prepare nine
additional samples from stratified unit doses. For multi-dose inhalers, collect one dose from
each of 10 inhalers with the 10 doses collected across the minimum number of
recommended doses on the label of the inhaler.
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Analysis
Samples: Standard solution and Sample solutions
Calculate the percentage of the target emitted dose of fluticasone propionate
(C25 H31 F 3 O5 S) delivered by the Inhalation Powder in each of the Sample solutions:
Result = (rU/rS) × (CS/Cu) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Fluticasone Propionate RS in the Standard solution (µg/mL)
C=
U nominal concentration of fluticasone propionate in the Sample solution (µg/mL), based
on target emitted dose from Table 2
Acceptance criteria
1.The mean content of fluticasone propionate of 10 doses is NLT 85% and NMT 115%
of the target emitted dose.
2.NMT 1 emitted dose is outside 80%–120% of the target emitted dose.
3.No dose is outside 75%–125% of the target emitted dose.
If requirements 1 and 2 described above are not met, test an additional 20 unit doses.
The mean dose of fluticasone propionate of 30 doses is NLT 85% and NMT 115% of the
target emitted dose.
NMT 3 doses are outside 80%–120% of the target emitted dose.
No dose is outside 75%–125% of the target emitted dose.
IMPURITIES
• Organic Impurities: Protect sample and standard solutions from light.
Solution A: Prepare a solution of 0.05% (v/v) phosphoric acid in acetonitrile.
Solution B: Prepare a solution of 0.05% (v/v) phosphoric acid in methanol.
Solution C: Prepare a solution of 0.05% (v/v) phosphoric acid in water.
Mobile phase: See Table 5.
Table 5
Solution Solution Solution
Time
A
B
C
(min)
(%)
(%)
(%)
0
42
3
55
40
53
3
44
60
87
3
10
70
87
3
10
70.1
42
3
55
90
42
3
55
System suitability solution: Dissolve 2 mg of USP Fluticasone Propionate System
Suitability Mixture RS in 12 mL of Solution A. Add 8 mL of Solution C, and mix.
Sensitivity solution: 0.5 µg/mL of USP Fluticasone Propionate RS in Solution A
Sample solution: Nominally 100 µg/mL of fluticasone propionate from NLT10 unit doses
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prepared as follows. Transfer the contents of the appropriate number of unit doses into
suitable volumetric flask. Add 60% of the flask volume of Solvent A, and sonicate for 2
min. Add 40% of the flask volume of Solvent C, mix, and allow the solution to equilibrate.
Dilute with Solvent A to volume if necessary. Mix, allow any undissolved excipient material
to settle, and inject the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Column temperature: 40
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Sensitivity solution
Suitability requirements:
Resolution: NLT 0.6 between fluticasone propionate related compound B and
fluticasone propionate related compound C and NLT 1.5 between fluticasone
propionate related compound D and fluticasone propionate, System suitability solution
Tailing factor: NLT 1.3 for fluticasone propionate, System suitability solution
Signal-to-noise ratio: NLT 10 for fluticasone propionate, Sensitivity solution
Analysis
Samples: Sample solution
Calculate the percentage of each fluticasone propionate related impurity in the portion of
sample taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T total peak response for all peaks 0.05% by area of peak due to fluticasone propionate
from the Sample solution
Acceptance criteria See Table 6.
Table 6

Name
Fluticasone sulfenic acida
Fluticasone propionate related compound Bb
Fluticasone propionate related compound Cb
Fluticasone propionate related compound D
Fluticasone propionate
Fluticasone propionate dimerc
Any unspecified degradation product
Totald

Relative
Retention
Time
0.47
0.75
0.77
0.95
1.0
1.31
—
—

Acceptance
Criteria
(%)
<0.2
—
—
<0.3
—
<0.3
<0.1
NMT 1.1
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a 6 , 9 -Difluoro-11 -hydroxy-16 -methyl-3-oxo-17 -propionyloxyandrosta-1,4-diene17 -carbonylsulfenic acid.
b These are process impurities that are included in the table for identification only. These
impurities are controlled in the drug substance. They are not to be reported for the drug
product and are not included in the total impurities.
c 6 ,9 -Difluoro-11 ,17 -dihydroxy-16 -methyl-3-oxoandrosta-1,4-diene-17 carboxylic acid 6 , 9 -difluoro-17 -(fluoromethylthio)carbonyl-11 -dihydroxy-16 methyl-3-oxoandrosta-1,4-diene-17 -yl ester.
d Sum of all impurity peaks

0.05%.

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests For Specified Microorganisms 62 :
The total aerobic microbial count does not exceed 101 cfu/g of bulked powder, the total
aerobic yeasts and molds count does not exceed 101 cfu/g of bulked powder. It meets the
requirements of the tests for absence of Staphylococcus aureus, Pseudomonas
aeruginosa, Escherichia coli, Salmonella species, and Enterobacteriaceae in 1 g of bulked
powder.
• Foreign Particulate Matter 788
The test described below and the specification are applicable only to a microscopic particle
count test methodology. General test chapter 788 describes details of the test
apparatus to be used for the determination of particulate matter using a microscopic
particle count test methodology. Samples should be carefully prepared to avoid
environmental contamination and testing should be performed with suitable controls,
including the appropriate use of blank determinations.
Diluent: Methanol and water (65:35) filtered through a filter of 0.45-m pore size
Filter: Mixed cellulose and ester; 25-mm diameter and 0.45-µm pore size
Sample solution: Transfer the contents of 4 unit doses from each of two inhalers into a
suitable receptacle, and dissolve the drug and excipient particles in about 75 mL of Diluent
Analysis
Samples: Sample solutions
Pass the Sample solution through the Filter and allow the Filter to dry under conditions
that will limit particulate contamination. Using a microscopic particle count test method,
enumerate the number of particles present in the Sample solution.
Calculate the number of particles per dose by the formula:
Number of particles/dose = (N<10 + N10–100 + N>100 )/8
N<10 = total number of particles <10 µm in the Sample solution
N10–100= total number of particles between 10 and 100 µm in the Sample solution
N>100 = total number of particles >100 µm present in the Sample solution
Acceptance criteria: See Table 7.
Table 7
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Particle Size Range
(µm)
<10
10–100
>100
Total

Number of Particles/Dose
(NMT)
200
100
10
300

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature, in a dry place away from direct heat or sunlight.
• USP Reference Standards 11
USP Fluticasone Propionate RS
USP Fluticasone Propionate System Suitability Mixture RS
It is a mixture of:
Fluticasone propionate;
Fluticasone propionate related compound B: [6 ,9 -difluoro-11 -hydroxy-16 methyl-2¢,3,4¢-trioxo-17 -spiro(androsta-1,4-diene-17,5¢-(1,3)oxathiolane];
Fluticasone propionate related compound C: [S-fluoromethyl 17 -acetyloxy-6 ,9 difluoro-11 -hydroxy-16 -methyl-3-oxoandrosta-1,4-diene-17 -carbothioate];
Fluticasone propionate related compound D: [S-methyl 6 ,9 -difluoro-11 -hydroxy16 -methyl-3-oxo-17 -propionyloxyandrosta-1,4-diene-17 -carbothioate].
2S (USP36)

BRIEFING
Gadopentetate Dimeglumine Injection, USP 35 page 3303. In an effort to modernize the
monograph, the following changes are proposed:
1.
Identification test B by TLC is deleted because it uses dioxane as a component of
developing solvent and cadmium sulfate for visualization. This test identifies the
presence of meglumine. This Identification test is not necessary considering the
monograph includes a test for Content of Meglumine.
2.
A new Identification test is introduced based on the absorption of the gadolinium
emission line, which confirms the presence of gadolinium in the dosage form.
3.
Identification test C by TLC is replaced with the retention time agreement based on the
Assay, as they both are equivalent.
4.
A formula to calculate the Content of Meglumine as percentage of the label claim is
included.
5.
Content of Pentetic Acid has been renamed as Limit of Pentetic Acid, as this is a minor
component in the formulation and is included as stabilizer. Consequently, this has
been moved to the Specific Tests section. A formula to calculate the percentage of
pentetic acid is included.
6.
The Other Requirements section, which references the general chapter Injections 1 ,
has been deleted and replaced with two separate sections, Sterility and Particulate
Matter in Injections.
7.
The storage statement is revised with the phrase "Do not freeze" to be consistent with
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the package insert.
8.
The Labeling section is revised to instruct the user to discard the vial if solids are
present, which is consistent, the labeling instructions in the package insert.
(SM4: R. Ravichandran.)
Correspondence Number—C103799

Comment deadline: November 30, 2012
Gadopentetate Dimeglumine Injection

DEFINITION
Gadopentetate Dimeglumine Injection is a sterile solution of gadopentetate dimeglumine in
Water for Injection. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
gadopentetate dimeglumine (C14 H20 GdN3 O10 ·2C7 H17 NO5 ). It may contain small amounts of
Meglumine and Pentetic Acid as stabilizers, and it may contain suitable buffers. Gadopentetate
Dimeglumine Injection intended for intravascular use contains no antimicrobial agents.
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Standard solution: 74 mg/mL of USP Gadopentetate Monomeglumine RS
Sample solution: 94 mg/mL of gadopentetate dimeglumine
Change to read:
• B. Thin-Layer Chromatographic Identification Test
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Standard solution: 28 mg/mL of USP Gadopentetate Monomeglumine RS in a 75 µg/mL
meglumine solution
Sample solution: 35 mg/mL of gadopentetate dimeglumine from a suitable volume of
Injection in water
Application volume: 10 µL
Developing solvent system: 1,4-dioxane, water, and ammonium hydroxide (70:30:2)
Detection reagent: 100 mg of ninhydrin and 250 mg of cadmium acetate in 1.0 mL of
glacial acetic acid and diluting with alcohol to 50 mL
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry. Develop the chromatogram in the Developing solvent system until
solvent frnt has moved to three fourths of the length of the plate. Remove the plate
from the developing chamber. Mark the solvent front and allow the solvent to
evaporate.. Dip the plate in detection reagent. Heat the plate at 120 for 10 min, and
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locate the spots by examining the plate in daylight.
Acceptance criteria: The principal spot of the Sample solution corresponds in appearance
and RF value to the principal spot of the Standard solution (presence of meglumine).
The absorption of the gadolinium emission line at 364.8 nm by the Sample solution in the test
for Content of Gadolinium confirms the presence of gadolinium. 2S (USP36)
Change to read:
• C. Thin-Layer Chromatographic Identification Test 201
Standard solution: 74 mg/mL of USP Gadopentetate Monomeglumine RS
Sample solution: 94 mg/mL of gadopentetate dimeglumine
Stock solution A: Transfer 500 mL of 1 N sulfuric acid at 0 to a 1000-mL conical flask,
immerse in an ice bath, and add 50 g of ceric sulfate tetrahydrate. Mix until dissolved,
filter, and refrigerate.
Stock solution B: Transfer 325 mL of 2 N sulfuric acid at 0 to a 500-mL volumetric flask.
To 25 g of sodium arsenite, add 150 mL of 1 N sodium hydroxide, and add in small
portions to the sulfuric acid. Dilute with water to volume, and refrigerate.
Spray reagent: Just prior to use, prepare by mixing equal volumes of Stock solution A and
Stock solution B at a temperature not lower than 10 . Use the Spray reagent within 5
min.
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter, except to spray the plate first with the Spray reagent
and then with a 1% solution of 1,2-phenylenediamine in acetone. Locate the spots by
examining the plate in daylight.
Acceptance criteria: The principal spot of the Sample solution corresponds in appearance
and RF value to the principal spot of the Standard solution (presence of gadopentetate).
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay 2S (USP36)
ASSAY
• Procedure
Mobile phase: Dissolve 1.37 g of tetrabutylammonium perchlorate in 1 L of a mixture of
acetonitrile and water (12:88).
Standard solution: 1.85 mg/mL of USP Gadopentetate Monomeglumine RS prepared as
follows. Transfer a suitable quantity to a suitable volumetric flask containing 50% of the
flask volume of 0.1% meglumine solution. Dilute to volume with water.
Sample solution: Nominally 2.35 mg/mL of gadopentetate dimeglumine from Injection in
water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm × 12.5-cm; 5-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 10 µL
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System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 800 theoretical plates
Tailing factor: NMT 3.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of gadopentetate dimeglumine
(C14 H20 GdN3 O10 ·2C7 H17 NO5 ) in the portion of Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Gadopentetate Monomeglumine RS in the Standard solution
(mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Mr1
= molecular weight of gadopentetate dimeglumine, 938.02
Mr2
= molecular weight of gadopentetate monomeglumine, 742.80
Acceptance criteria: 90.0%–110.0%
OTHER COMPONENTS
• Content of Meglumine
Sample solution: Use the Injection.
Instrumental conditions
Mode: Polarimetry (see Optical Rotation
Light source: Sodium lamp
Analytical wavelength: 589 nm
Cell: 10 cm

781 .)

Analysis: Determine the angular rotation (see Optical Rotation 781 ) of the Sample
solution. Calculate the amount of meglumine as percentage of the labeled amount of
gadopentetate dimeglumine (C14 H20 GdN3 O10 ·2C7 H17 NO5 ) in the portion of the Injection
taken:
Result = [(100a/ ) × (1/L)] × F × 100
a= observed angular rotation corrected for the Blank (degrees)
= average specific rotation of meglumine (deg.dL/g)
L= label claim of Injection in mg/mL
F= unit conversion factor from g/dL to mg/mL, 10
Acceptance criteria: Meglumine content is 37.4%–45.8% of the labeled amount of
gadopentetate dimeglumine.
• Content of Gadolinium
Cesium chloride solution: 100 mg/mL of cesium chloride in water
Blank solution: Cesium chloride solution, hydrochloric acid (spectrophotometric grade),
and water (10:1:89)
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Standard stock solution: Transfer 1.15 g of gadolinium (III) oxide to a 100-mL volumetric
flask, add 2.0 mL of hydrochloric acid to dissolve, and dilute with water to volume.
Standard solution A: 600 µg/mL of gadolinium prepared as follows. Transfer 3.0 mL of the
Standard stock solution to a 50-mL volumetric flask, add 5.0 mL of Cesium chloride
solution and 0.5 mL of hydrochloric acid (spectrophotometric grade), and dilute with water
to volume.
Standard solution B: 800 µg/mL of gadolinium prepared as follows. Transfer 4.0 mL of the
Standard stock solution to a 50-mL volumetric flask, add 5.0 mL of Cesium chloride
solution and 5.0 mL of hydrochloric acid (spectroscopic grade), and dilute with water to
volume.
Standard solution C: 1000 µg/mL of gadolinium prepared as follows. Transfer 5.0 mL of the
Standard stock solution to a 50-mL volumetric flask, add 5.0 mL of Cesium chloride
solution and 5.0 mL of hydrochloric acid (spectroscopic grade), and dilute with water to
volume.
Sample solution: Treat a volume of Injection, equivalent to 469 mg of gadopentetate
dimeglumine, with 0.2 mL of nitric acid in a porcelain crucible, concentrate on a hot plate,
char with a burner, and ignite in a muffle furnace at 800 until all black particles disappear
(approximately 1 h). Allow the residue to cool on a refractory surface for 5 min, then
equilibrate to room temperature in a desiccator. Dissolve the white residue so obtained in
a mixture of 1.0 mL of water and 1.0 mL of hydrochloric acid (spectrophotometric grade)
with heating. Transfer this solution to a 100-mL volumetric flask, add 10.0 mL of Cesium
chloride solution, and dilute with water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectroscopy
Analytical wavelength: 368.4 nm at the gadolinium emission line
Lamp: Gadolinium hollow-cathode
Flame: Nitrous oxide–acetylene
Analysis
Samples: Blank solution, Standard solutions, and Sample solution
Blank the instrument with the Blank solution. Determine the absorbances of the Standard
solutions and Sample solution. Plot the absorbances of the Standard solutions versus their
concentrations, in µg/mL, of gadolinium, and draw the straight line best fitting the three
plotted points. From the graph so obtained and the absorbance of the Sample solution,
determine the concentration, in µg/mL, of gadolinium in the Sample solution.
Calculate the amount of gadolinium as percentage of the labeled amount of gadopentetate
dimeglumine (C14 H20 GdN3 O10 ·2C7 H17 NO5 ) in the portion of the Injection taken:
Result = [(C × D)/(V × L) ] × F × 100
C= concentration of gadolinium in the Sample solution (µg/mL)
D= volume of the Sample solution, 100 mL
V= volume of Injection taken to prepare the Sample solution (mL)
F= conversion factor from µg to mg, 0.001
L= label claim of the Injection (mg/mL)
Acceptance criteria: Gadolinium content is 15.1%–18.4% of the labeled amount of
gadopentetate dimeglumine.

PF 38(5): Sep.-Oct. 2012

878

IMPURITIES
• Heavy Metals 231
Standard solution: Transfer 2.0 mL of Standard Lead Solution (20 µg of Pb) to a 50-mL
color-comparison tube, add 5 mL of 1 N sodium hydroxide, and dilute with water to 40 mL.
Sample solution: In a 50-mL color-comparison tube, mix a volume of Injection, equivalent
to 1.0 g of gadopentetate dimeglumine, with 5 mL of 1 N sodium hydroxide, and dilute with
water to 40 mL.
Analysis: To each of the tubes containing the Standard solution and Sample solution add
10 mL of sodium sulfide TS, allow to stand for 5 min, and view downward over a white
surface.
Acceptance criteria: NMT 20 ppm. The color of the solution from the Sample solution is
not darker than that of the Standard solution.
SPECIFIC TESTS
Change to read:
• Content
Limit 2S (USP36)
of Pentetic Acid
Buffer: 50 g of sodium acetate and 10 mL of glacial acetic acid in a 1000-mL volumetric
flask. Dilute with degassed water to volume. Adjust with 0.1 N sodium hydroxide or glacial
acetic acid to a pH of 5.
Indicator solution: 0.508 mg/mL of xylenol orange in degassed water
Diluent: Buffer, Indicator solution, and water (30:3:167)
Titrant: 0.001 M (1 µmol/mL) gadolinium sulfate prepared by dissolving suitable quantity
of gadolinium sulfate (purity 99.9%) in water 2S (USP36)
Sample solution: Transfer volume of Injection equivalent to 938 mg of gadopentetate
dimeglumine. Add 20 mL water and 10 mL Diluent. Adjust with 0.1 N sodium hydroxide or
glacial acetic acid to a pH of 5.
Titrimetric system
(See Titration 541 .)
Mode: Direct titration
Endpoint detection: Visual
2S (USP36)

Analysis: Titrate with Titrant until the color changes from yellow to reddish violet.
Calculate the amount of pentetic acid as percentage of the labeled amount of gadopentetate
dimeglumine (C14 H20 GdN3 O10 ·2C7 H17 NO5 ) in the portion of the Injection taken:
Result= [(Vt × M × F)/(Vu × L)] × 100
V=
t volume of Titrant consumed
M= molarity of Titrant (µmol/mL)
F= equivalent weight of pentetic acid, 0.7867 mg/µmol
V=
u injection volume used to prepare the Sample solution
L= label claim of Injection (mg/mL) 2S (USP36)
Acceptance criteria: 0.027%–0.04%
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791 : 6.5–8.0

• Bacterial Endotoxins Test

85 : It contains NMT 25 USP Endotoxin Units/mL of Injection.

Delete the following:
• Other Requirements: It meets the requirements under Injections

1 .

2S (USP36)

Add the following:
• Sterility

71 : Meets requirements

2S (USP36)

Add the following:
• Particulate Matter in Injections

788 : Meets the requirements

2S (USP36)

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose containers, preferably of Type I glass,
protected from light. Store at controlled room temperature.
Do not freeze. 2S (USP36)
Change to read:
• Labeling: Label containers of Injection intended for intravascular injection to direct the user
to discard any unused portion remaining in the container.
The labeling also states that it is not to be used if contains solids. 2S (USP36)
• USP Reference Standards 11
USP Endotoxin RS
USP Gadopentetate Monomeglumine RS
BRIEFING
Gemcitabine Hydrochloride, USP 35 page 3321. On the basis of comments received, it is
proposed to correct the relative retention times for cytosine and gemcitabine -anomer in
the test for Organic Impurities. A note is also added to the System suitability section in the
Assay to provide the typical relative retention times for gemcitabine -anomer and
gemcitabine.
(SM3: F. Mao.)
Correspondence Number—C117764

Comment deadline: November 30, 2012
Gemcitabine Hydrochloride

C9 H11 F 2 N3 O4 ·HCl

299.66

Cytidine, 2¢-deoxy-2¢,2¢-difluro-, monohydrochloride;
2¢-Deoxy-2¢,2¢-difluorocytidine monohydrochloride ( -isomer)
DEFINITION

[122111-03-9].
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Gemcitabine Hydrochloride contains NLT 97.5% and NMT 101.5% of gemcitabine hydrochloride
(C9 H11 F 2 N3 O4 ·HCl), calculated on the as-is basis.
[Caution—Gemcitabine Hydrochloride is a potent cytotoxic agent. Great care should be taken
to prevent inhaling particles and exposing the skin to it.]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Mobile phase: 13.8 g of monobasic sodium phosphate and 2.5 mL of phosphoric acid in 1 L
of water. [Note—The pH of this solution is 2.4–2.6.]
System suitability solution: Transfer 10 mg of Gemcitabine Hydrochloride to a small vial,
add 4 mL of 168 mg/mL of potassium hydroxide in methanol, cap tightly, and sonicate.
Heat at 55 for 6–16 h, allow to cool, and transfer the contents to a 100-mL volumetric
flask with successive washes of 1% phosphoric acid. Dilute with 1% (v/v) phosphoric acid
to volume. [Note—This solution contains about 0.02 mg/mL of gemcitabine -anomer.]
Standard solution: 0.1 mg/mL of USP Gemcitabine Hydrochloride RS in water
Sample solution: 0.1 mg/mL of Gemcitabine Hydrochloride in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[
Note—The relative retention times for gemcitabine -anomer and gemcitabine are about 0.5
and 1.0, respectively.] 2S (USP36)
Suitability requirements
Resolution: NLT 8.0 between gemcitabine -anomer and gemcitabine, System suitability
solution
Tailing factor: NMT 1.5 for the gemcitabine peak, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of gemcitabine hydrochloride (C9 H11 F 2 N3 O4 ·HCl) in the portion of
Gemcitabine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Gemcitabine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Gemcitabine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–101.5% on the as-is basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method I

231 : NMT 10 ppm

Change to read:
• Organic Impurities
System suitability solution and Chromatographic system: Proceed as directed in the
Assay.
Solution A: Use the Mobile phase as directed in the Assay.
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
97
3
8
97
3
13
50
50
20
50
50
25
97
3
Standard solution: 2 µg/mL each of USP Gemcitabine Hydrochloride RS and USP Cytosine
RS in water
Sample solution: 2 mg/mL of Gemcitabine Hydrochloride in water
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.0 between gemcitabine -anomer and gemcitabine, System
suitability solution
Tailing factor: NMT 1.5 for the gemcitabine peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cytosine in the portion of Gemcitabine Hydrochloride taken:
Result= (rU/rS) × (CS/CU) × 100
rU= peak response of cytosine from the Sample solution
rS= peak response of cytosine from the Standard solution
C=
S concentration of USP Cytosine RS in the Standard solution (mg/mL)
C=
U concentration of Gemcitabine Hydrochloride in the Sample solution (mg/mL)
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Calculate the percentage of each impurity other than cytosine in the portion of
Gemcitabine Hydrochloride taken:
Result = (ri/rS) × (CS/CU) × 100
ri= peak response for each impurity from the Sample solution
rS= peak response of gemcitabine from the Standard solution
C=
S concentration of USP Gemcitabine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Gemcitabine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.02%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
0.1
Cytosinea
0.4 2S (USP36)
0.1
0.5
Gemcitabine -anomerb
0.7 2S (USP36)
0.1
Gemcitabine
1.0
—
Any individual unspecified impurity
—
0.1
Total impurities
—
0.2
a 2(1H)-Pyrimidinone, 4-amino-.
b 2¢-Deoxy-2¢,2¢-difluorocytidine ( -isomer).
SPECIFIC TESTS
• Optical Rotation, Specific Rotation
Sample solution: 10 mg/mL

781S

Acceptance criteria: +43 to +50 at 20
• pH 791
Sample solution: 10 mg/mL
Acceptance criteria: 2.0–3.0
• Sterility Tests 71 : Where the label states that Gemcitabine Hydrochloride is sterile, it
meets the requirements when tested as directed in the Test for Sterility of the Product to
Be Examined, Membrane Filtration.
• Bacterial Endotoxins Test 81 : Where the label states that Gemcitabine Hydrochloride is
sterile or must be subjected to further processing during the preparation of injectable
dosage forms, it contains NMT 0.05 USP Endotoxin Unit/mg of gemcitabine.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
• USP Reference Standards

11
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USP Cytosine RS
2(1H)-Pyrimidinone, 4-amino-.
C4 H5 N3 O
111.10
USP Endotoxin RS
USP Gemcitabine Hydrochloride RS
BRIEFING
Gemcitabine for Injection, USP 35 page 3323. On the basis of comments received, it is
proposed to make the following changes:
1.
The relative retention times for cytosine and gemcitabine -anomer in the test for
Organic Impurities are corrected. A note is added to the System suitability section
in the Assay to provide typical relative retention times for gemcitabine -anomer and
gemcitabine.
2.
The solution concentration for gemcitabine is specified in Identification test A and the
test for pH.
3.
The term “Purified Water” is replaced with “water” in Identification test A and the
Assay, as this is already addressed in the General Notices 8.230.30. Water in a
Compendial Procedure.
(SM3: F. Mao.)
Correspondence Number—C115822

Comment deadline: November 30, 2012
Gemcitabine for Injection
DEFINITION
Gemcitabine for Injection contains an amount of gemcitabine hydrochloride equivalent to NLT
95% and NMT 105% of the labeled amount of gemcitabine (C9 H11 F 2 N3 O4 ).
[Caution—Gemcitabine Hydrochloride is a potent cytotoxic agent. Great care should be taken
to prevent inhaling particles and exposing the skin to it.]
IDENTIFICATION
Change to read:
• A. Ultraviolet Absorption 197U
Medium: 0.14 M phosphate buffer with a pH of 2.5 prepared as follows. Add 13.8 g of
monobasic sodium phosphate and 2.5 mL of phosphoric acid to 1 L of Purified Water
water. 2S (USP36)
Sample solution: 16 µg/mL
of gemcitabine 2S (USP36)
in Medium
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
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• Procedure
Mobile phase: 13.8 g of monobasic sodium phosphate and 2.5 mL of phosphoric acid in 1 L
of water. [Note—The pH of this solution is 2.4–2.6.]
System suitability solution: Transfer 10 mg of gemcitabine hydrochloride to a small vial,
add 4 mL of 168 mg/mL of potassium hydroxide in methanol, cap tightly, and sonicate.
Heat at 55 for 6–16 h, allow to cool, and transfer the contents to a 100-mL volumetric
flask with successive washes of 1% phosphoric acid. Dilute with 1% (v/v) phosphoric acid
to volume. [Note—This solution contains about 0.02 mg/mL of gemcitabine -anomer.]
Standard solution: 0.1 mg/mL of USP Gemcitabine Hydrochloride RS in water
Sample solution: Equivalent to 0.1 mg/mL of gemcitabine in Purified Water
water 2S (USP36)
from Gemcitabine for Injection prepared as follows. Reconstitute a suitable number of vials
with an appropriate amount of Purified Water
water 2S (USP36)
, based on the labeled amount of gemcitabine.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[
Note—The relative retention times for gemcitabine -anomer and gemcitabine are about 0.5
and 1.0, respectively.] 2S (USP36)
Suitability requirements
Resolution: NLT 8.0 between gemcitabine -anomer and gemcitabine, System suitability
solution
Tailing factor: NMT 1.5 for the gemcitabine peak, System suitability solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of gemcitabine (C9 H11 F 2 N3 O4 ) in the portion
of Gemcitabine for Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Gemcitabine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of gemcitabine in the Sample solution (mg/mL)
Mr1
= molecular weight of gemcitabine, 263.20
Mr2
= molecular weight of gemcitabine hydrochloride, 299.66
Acceptance criteria: 95%–105%
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PERFORMANCE TESTS
• Uniformity of Dosage Units, Weight Variation

905 : Meets the requirements

IMPURITIES
Change to read:
• Organic Impurities
System suitability solution and Chromatographic system: Proceed as directed in the
Assay.
Solution A: Use the Mobile phase as directed in the Assay.
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
97
3
8
97
3
13
50
50
20
50
50
25
97
3
Standard solution: 2 µg/mL each of USP Gemcitabine Hydrochloride RS and USP Cytosine
RS in water
Sample solution: Equivalent to 2 mg/mL of gemcitabine in water prepared by
reconstituting the vial with an appropriate amount of water, based on the labeled amount
of gemcitabine
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 8.0 between gemcitabine -anomer and gemcitabine, System
suitability solution
Tailing factor: NMT 1.5 for the gemcitabine peak, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of cytosine, expressed as a percentage of gemcitabine
hydrochloride (C9 H11 F 2 N3 O4 ·HCl), in the portion of Gemcitabine for Injection taken:
Result= (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of cytosine from the Sample solution
rS= peak response of cytosine from the Standard solution
CS= concentration of USP Cytosine RS in the Standard solution (mg/mL)
CU= nominal concentration of gemcitabine in the Sample solution (mg/mL)
Mr1
= molecular weight of gemcitabine, 263.20
Mr2
= molecular weight of gemcitabine hydrochloride, 299.66
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Calculate the percentage of each impurity other than cytosine, expressed as a
percentage of gemcitabine hydrochloride (C9 H11 F 2 N3 O4 ·HCl), in the portion of Gemcitabine
for Injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response for each impurity from the Sample solution
rS= peak response of gemcitabine from the Standard solution
CS= concentration of USP Gemcitabine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of gemcitabine in the Sample solution (mg/mL)
Mr1
= molecular weight of gemcitabine, 263.20
Mr2
= molecular weight of gemcitabine hydrochloride, 299.66
Acceptance criteria: See Table 2. Disregard any impurity peaks less than 0.02%.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
0.1
Cytosinea
0.4 2S (USP36)
0.1
0.5
Gemcitabine -anomerb
0.7 2S (USP36)
0.1
Gemcitabine
1.0
—
Any individual unspecified impurity
—
0.2
Total impurities
—
0.3
a 2(1H)-Pyrimidinone, 4-amino-.
b 2¢-Deoxy-2¢,2¢-difluorocytidine ( -isomer).
SPECIFIC TESTS
• Particulate Matter in Injections
injections.

788 : It meets the requirements for small-volume

Change to read:
• pH 791
Sample solution: 40 mg/mL
of gemcitabine 2S (USP36)
in 0.9% sodium chloride solution
Acceptance criteria: 2.7–3.3
• Clarity of Solution
Sample solution: Dissolve it in the solvent and at the concentration recommended in the
labeling.
Analysis: Determine the turbidity by ratio turbidimetry within 15 min of reconstitution,
corrected for a diluent blank (see Spectrophotometry and Light-Scattering
Acceptance criteria: NMT 10 NTU
• Bacterial Endotoxins Test
gemcitabine.

851 ).

85 : It contains NMT 0.05 USP Endotoxin Unit/mg of
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• Sterility Tests 71 : It meets the requirements when tested as directed for Test for
Sterility of the Product to Be Examined, Membrane Filtration.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in Containers for Sterile Solids, as described under
Injections 1 , Packaging. Store at controlled room temperature. Do not refrigerate after
reconstitution.
• USP Reference Standards 11
USP Cytosine RS
2(1H)-Pyrimidinone, 4-amino-.
C4 H5 N3 O
111.10
USP Endotoxin RS
USP Gemcitabine Hydrochloride RS
BRIEFING
Glyburide Tablets, USP 35 page 3348. As part of the USP monograph modernization initiative,
it is proposed to add a procedure for Organic Impurities to this dosage form monograph.
This liquid chromatographic procedure is based on validated methods of analyses performed
with the Nova-Pak C8 brand of L7 column. The typical retention time of the glyburide peak is
about 14 min.
In addition, it is proposed to make the following changes:
1.
Identification test B, based on the retention time agreement in the Assay, is added to
the monograph.
2.
System suitability requirements in the Assay are updated to replace the resolution
between glyburide and progesterone with the resolution between glyburide and
glyburide related compound A, which is the major degradant of glyburide. The Assay
calculation is revised to be consistent with the preparation of the Standard solution
and Sample solution.
3.
Dissolution Tests 1 and 4 are revised to delete the system suitability requirement for
column efficiency. The remaining criteria are sufficient to establish system suitability
for these tests. In addition, the Note regarding the use of low-actinic volumetric
flasks is deleted from the Dissolution Test 1, to make it consistent with other tests in
the monograph.
Minor editorial changes were also made throughout the monograph to make the text consistent
with USP monograph redesign initiative.
(SM3: E. Gonikberg.)
Correspondence Number—C112239

Comment deadline: November 30, 2012
Glyburide Tablets
DEFINITION
Glyburide Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of glyburide
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(C23 H28 ClN3 O5 S).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Grind a number of Tablets, equivalent to 15 mg of glyburide, to a fine powder. Add
30 mL of acetonitrile, and shake. Filter the mixture, evaporate the filtrate to dryness, and
dry the residue under vacuum at 60 for 3 h.
Acceptance criteria: Meet the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
ASSAY
Change to read:
• Procedure
Mobile phase: Dissolve 2.6 g of monobasic ammonium phosphate in 450 mL of water. Add
550 mL of acetonitrile, filter, and degas. Adjust, if necessary, with phosphoric acid or
sodium hydroxide to a pH of 5.25 ± 0.30.
Progesterone solution: 0.2 mg/mL of progesterone in acetonitrile
System suitability stock solution: 0.1 mg/mL of USP Glyburide Related Compound A in
acetonitrile 2S (USP36)
System suitability solution: Dissolve 10 mg of USP Glyburide RS in 20 mL of Progesterone
solution.
To 10 mg of USP Glyburide RS add 20 mL of the System suitability stock solution, and
shake vigorously to dissolve. 2S (USP36)
Add 4.0 mL of water.
Standard solution: To 10 mg of USP Glyburide RS add 20.0 mL of acetonitrile, and shake
vigorously to dissolve. Add 4.0 mL of water.
Sample solution: Transfer NLT 20 Tablets to a suitable container. Add water equivalent to
0.4 mL of water per mg of glyburide, and swirl to disperse and wet Tablet material. Then
add acetonitrile equivalent to 2.0 mL of acetonitrile per mg of glyburide, and shake for 30
min. Centrifuge a portion of the suspension, and use the clear supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for glyburide and progesterone are about 0.4 and 1.0,
respectively.
The relative retention times for glyburide related compound A and glyburide are about
0.5 and 1.0, respectively. 2S (USP36)
]
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Suitability requirements
Resolution: NLT 5.0 between glyburide and progesterone
NLT 4.0 between glyburide related compound A and glyburide
Relative standard deviation: NMT 2.0% for glyburide
Analysis
Samples: Standard solution and Sample solution

2S (USP36)

Calculate the percentage of the labeled amount of glyburide (C23 H28 ClN3 O5 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
Result = (rU/rS) × (WS/VS)/(WU/VU) × 100

2S (USP36)

rU
rS
CS
CU

= peak response from the Sample solution
= peak response from the Standard solution
= concentration of USP Glyburide RS in the Standard solution (mg/mL)
= nominal concentration of glyburide in the Sample solution (mg/mL)
= weight of USP Glyburide RS, used to prepare the Standard solution (mg)
WS
VS = sum of volumes of acetonitrile and water used to prepare the Standard solution (mL)
WU = nominal amount of glyburide used to prepare the Sample solution (mg)
VU = sum of volumes of acetonitrile and water used to prepare the Sample solution
(mL) 2S (USP36)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Test 1 (nonmicronized glyburide)
Medium: 0.05 M borate buffer, pH 9.5 (381.5 g of sodium borate and 19.1 g of sodium
hydroxide in 20 L of water, and adjust with phosphoric acid to a pH of 9.5 ± 0.1); 500
mL
Apparatus 2: 75 rpm
Time: 45 min [Note—Use low-actinic volumetric flasks.]
2S (USP36)

Mobile phase: Acetonitrile and water (1:1) containing 4.0 mL of phosphoric acid per L of
solution
Standard stock solution: 0.15 mg/mL of USP Glyburide RS in Medium. Sonicate for about
25 min to dissolve, and dilute with Medium to volume.
Standard solutions: Dilute the Standard stock solution with Medium to obtain 0.003
mg/mL (for Tablets labeled to contain 1.5 mg), 0.006 mg/mL (for Tablets labeled to
contain 3.0 mg), 0.009 mg/mL (for Tablets labeled to contain 4.5 mg), and 0.012 mg/mL
(for Tablets labeled to contain 6.0 mg).
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 4000 theoretical plates
2S (USP36)

Tailing factor: NMT 2.0
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of glyburide (C23 H28 ClN3 O5 S) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 500 mL
Tolerances: NLT 70% (Q) of the labeled amount of glyburide (C23 H28 ClN3 O5 S) is
dissolved.
Test 2 (micronized glyburide): If the product complies with this test, the labeling indicates
that it meets USP Dissolution Test 2.
Medium: 0.05 M phosphate buffer, pH 8.5 (6.8 g of monobasic potassium phosphate and
1.99 g of sodium hydroxide in 1 L of water, and adjust with diluted phosphoric acid or
diluted sodium hydroxide to a pH of 8.5 ± 0.05); 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Mobile phase: Acetonitrile and water containing 5 g/L of monobasic ammonium
phosphate (480:520)
Standard stock solution: Transfer 67 mg of USP Glyburide RS to a 500-mL volumetric
flask, dissolve in 40 mL of methanol with sonication for 5 min, and dilute with Medium to
volume.
Standard solutions: Dilute the Standard stock solution with Medium to obtain solutions
having known concentrations of 0.0017 mg/mL (for Tablets labeled to contain 1.5 mg),
0.0034 mg/mL (for Tablets labeled to contain 3 mg), 0.0047 mg/mL (for Tablets labeled
to contain 4.5 mg), and 0.0067 mg/mL (for Tablets labeled to contain 6 mg).
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.5-µm pore size.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)

PF 38(5): Sep.-Oct. 2012

891

Detector: UV 215 nm
Column: 4.0-mm × 25-cm; 10-µm packing L7
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of glyburide (C23 H28 ClN3 O5 S) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of glyburide (C23 H28 ClN3 O5 S) is
dissolved.
Test 3 (micronized glyburide): If the product complies with this test, the labeling indicates
that it meets USP Dissolution Test 3.
Medium: 0.05 M phosphate buffer, pH 7.5 (40.8 g of monobasic potassium phosphate
and 9.4 g of sodium hydroxide, in 6 L of water, and adjust with diluted sodium hydroxide
to a pH of 7.5 ± 0.1); 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Mobile phase: Proceed as directed in the Assay.
Diluent: Acetonitrile and water (5:1)
Standard stock solution: 0.67 mg/mL of USP Glyburide RS in Diluent
Standard solution: 6.7 µg/mL of USP Glyburide RS in Medium from the Standard stock
solution
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 75 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of glyburide (C23 H28 ClN3 O5 S) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of glyburide (C23 H28 ClN3 O5 S) is
dissolved.
Test 4 (nonmicronized glyburide): If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 4.
Medium: 0.05 M borate buffer, pH 8.0, with 0.014 M hexadecyltrimethylammonium
bromide (prepared by dissolving about 180.0 g of hexadecyltrimethylammonium bromide,
55.6 g of boric acid, 67.1 g of potassium chloride, and 2.8 g of sodium hydroxide in 1500
mL of water at 50 under vigorous stirring for several hours, cooling to room
temperature, diluting with water to 2000 mL, adjusting with diluted hydrochloride acid or
diluted sodium hydroxide to a pH of 8.00 ± 0.05, and diluting 50 mL of this solution with
water to 900 mL); 900 mL
Apparatus 1: 50 rpm
Time: 45 min
Mobile phase: Acetonitrile and water (11:9) containing 5.2 g of monobasic ammonium
phosphate for each 2 L
Standard stock solution: 0.27 mg/mL of USP Glyburide RS in alcohol. Transfer 1.0 mL of
this solution to a 100-mL volumetric flask, and dilute with Medium to volume.
Standard solution: 2.8 µg/mL of USP Glyburide RS in Medium from the Standard stock
solution
Sample solution: Pass a portion of the solution under test through a suitable filter of 5µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 226 nm
Column: 4.6-mm × 25-cm; packing L7
Flow rate: 2 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2000 theoretical plates
2S (USP36)

Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
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Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of glyburide (C23 H28 ClN3 O5 S) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of glyburide (C23 H28 ClN3 O5 S) is
dissolved.
Test 5 (micronized glyburide): If the product complies with this test, the labeling
indicates that it meets USP Dissolution Test 5.
Medium: 0.05 M phosphate buffer, pH 7.5 (40.8 g of monobasic potassium phosphate
and 9.4 g of sodium hydroxide, in 6 L of water, and adjust with diluted sodium hydroxide
to a pH of 7.5 ± 0.1); 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution: USP Glyburide RS in Medium in a concentration similar to the one
expected in the Sample solution
Sample solution: Pass a portion of the solution under test through a suitable filter.
Dilute with Medium, if necessary.
Mobile phase, Diluent, Chromatographic system, System suitability, and Analysis:
Proceed as directed for Test 3.
Tolerances: NLT 75% (Q) of the labeled amount of glyburide (C23 H28 ClN3 O5 S) is
dissolved.
IMPURITIES
Add the following:
• Organic Impurities
Mobile phase: Dissolve 0.087 g of dibasic potassium phosphate and 0.612 g of monobasic
potassium phosphate in 550 mL of water to obtain a solution with a pH of 6.00±0.05. Add
450 mL of methanol.
Diluent: Dissolve 0.871 g of dibasic potassium phosphate in 550 mL of water, and dilute
with methanol to 1 L.
Standard stock solution: 0.1 mg/mL each of USP Glyburide RS and USP Glyburide Related
Compound A RS in methanol
Standard solution: 0.0004 mg/mL each of USP Glyburide RS and USP Glyburide Related
Compound A RS in Mobile phase from the Standard stock solution. This solution is stable
for 48 h when stored at room temperature.
Sample solution: Weigh, and powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to about 20 mg of glyburide, to a 100-mL volumetric flask. Add 80 mL of
Diluent, and sonicate for 15 min, then shake the flask for 10 min. Dilute with Diluent to
volume, and mix. Centrifuge a portion of this solution, and use a clear supernatant. This
solution is stable for 14 h when stored at room temperature.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 3.9-mm × 15-cm; 4-µm packing L7
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for glyburide related compound A and glyburide are
about 0.3 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 15 between glyburide related compound A and glyburide
Relative standard deviation: NMT 5% for glyburide related compound A
Analysis
Samples: Sample solution and Standard solution
Calculate the percentage of glyburide related compound A in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of glyburide related compound A from the Sample solution
rS= peak response of glyburide related compound A from the Standard solution
C=
S concentration of USP Glyburide Related Compound A RS in the Standard solution
(mg/mL)
C=
U nominal concentration of glyburide in the Sample solution (mg/mL)
Acceptance criteria
Glyburide related compound A: NMT 5.3%
2S (USP36)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Glyburide RS
USP Glyburide Related Compound A RS
4-[2-(5-Chloro-2-methoxybenzamido)ethyl]benzenesulfonamide.
C16 H17 ClN2 O4 S
368.83 2S (USP36)
BRIEFING
Leucovorin Calcium Tablets, USP 35 page 3651. On the basis of comments received, it is
proposed to replace leucovorin calcium with leucovorin to reflect the labeled amount of
Leucovorin Calcium Tablets in Dissolution and Uniformity of Dosage Units. A calculation for
Dissolution is added, and the calculation for Uniformity of Dosage Units is corrected.
(SM3: F. Mao.)
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Correspondence Number—C110475

Comment deadline: November 30, 2012
Leucovorin Calcium Tablets
DEFINITION
Leucovorin Calcium Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
leucovorin (C20 H23 N7 O7 ).
IDENTIFICATION
• A.
Sample: Equivalent to 200 mg of leucovorin calcium from finely powdered Tablets
Analysis: Transfer the Sample to a conical flask. Add 10 mL of water, shake vigorously,
sonicate for 10 min, and filter. Transfer the filtrate to a stoppered centrifuge tube, add
125 mg of ammonium oxalate, shake vigorously, and centrifuge until a clear supernatant is
obtained. Transfer the supernatant to another stoppered centrifuge tube, add 1 mL of
methanol and 3 drops of hydrochloric acid, and shake vigorously. If the preparation is
cloudy, add methanol until a clear solution is obtained, and filter if necessary to remove
any undissolved material. Cool the preparation at 0 until a precipitate forms, and
centrifuge for 1–2 min. [Note—The cooling and centrifuging steps may be repeated if
necessary to increase the amount of precipitate collected.] Decant the supernatant, add
2 mL of methanol to the tube, shake vigorously to dissolve the precipitate, and transfer
the contents to a beaker. Evaporate under a current of air to dryness, and dry the
residue at 50 for 30 min.
Acceptance criteria: The IR absorption spectrum of a potassium bromide dispersion of the
residue exhibits maxima only at the same wavelengths as that of a similar preparation of
USP Leucovorin Calcium RS.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Diluent: Methanol and water (20:80)
Mobile phase: 5 mM tetrabutylammonium phosphate in Diluent. Adjust with 50% (w/v)
sodium hydroxide to a pH of 7.5.
Standard solution: 0.5 mg/mL of USP Leucovorin Calcium RS and 10 µg/mL of USP 10Formylfolic Acid RS in water
Sample solution: Transfer finely powdered Tablets (NLT 20), equivalent to 50 mg of
leucovorin, to a 100-mL volumetric flask. Add 50 mL of water, sonicate for 30 min, dilute
with water to volume, mix, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; packing L1
Flow rate: 2.0 mL/min
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Injection volume: 20 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for leucovorin and 10-formylfolic acid are about 1.0
and 2.3, respectively.]
Suitability requirements
Resolution: NLT 1.5 between leucovorin and 10-formylfolic acid
Relative standard deviation: NMT 2.0% for leucovorin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of leucovorin (C20 H23 N7 O7 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak area of the Sample solution
rS= peak area of the Standard solution
CS= concentration of USP Leucovorin Calcium RS in the Standard solution (mg/mL)
CU= nominal concentration of leucovorin in the Sample solution (mg/mL)
Mr1
= molecular weight of leucovorin, 473.45
Mr2
= molecular weight of leucovorin calcium, 511.50
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Detector: UV, at a maximum of about 284 nm
Standard solution: USP Leucovorin Calcium RS in Medium
Sample solution: Use filtered portion of solution under test, and dilute with water if
necessary to a concentration similar to that of the Standard solution.
Calculate the percentage of the labeled amount of leucovorin (C20 H23 N7 O7 ) dissolved:
Result = (AU/AS) × CS × V × D × (Mr1/Mr2) × (1/L) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of the Standard solution (mg/mL)
V = volume of Medium, 900 mL
D = dilution factor
Mr1
= molecular weight of leucovorin, 473.45
Mr2
= molecular weight of leucovorin calcium, 511.50
L = label claim (mg/Tablet) 2S (USP36)
Tolerances: NLT 75% (Q) of the labeled amount of C20 H21 CaN7 O7
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leucovorin (C20 H23 N7 O7 )
is dissolved.

2S (USP36)

Change to read:
• Uniformity of Dosage Units 905
Analysis for content uniformity
Standard solution: 10 µg/mL of USP Leucovorin Calcium RS
Sample solution: 10 µg/mL of leucovorin calcium, use individual intact Tablets
Blank: Water
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Cell: 1 cm
Analytical wavelength: UV, at maxima about 284 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of leucovorin calcium (C20 H21 CaN7 O7 )
(C20 H23 N7 O7 ) 2S (USP36)
in each Tablet taken:
Result = (AU/AS) × (CS/CU) × 100
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100

2S (USP36)

AU
AS
CS
CU

= absorbance of the Sample solution
= absorbance of the Standard solution
= concentration of USP Leucovorin Calcium RS in the Standard solution (µg/mL)
= concentration of leucovorin calcium
nominal concentration of leucovorin 2S (USP36)
in the Sample solution (µg/mL)
Mr1
= molecular weight of leucovorin, 473.45
Mr2 = molecular weight of leucovorin calcium, 511.50 2S (USP36)
Acceptance criteria: Meet the requirements
IMPURITIES
• Organic Impurities
Diluent, Mobile phase, Standard solution, Sample solution, Chromatographic system,
and System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U response of each impurity peak
r=
T sum of the responses of all the peaks
Acceptance criteria
Individual impurities: NMT 2.5%
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Total impurities: NMT 4.0 %
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light, at
controlled room temperature.
• USP Reference Standards 11
USP 10-Formylfolic Acid RS
USP Leucovorin Calcium RS
BRIEFING
Lomustine. Because there is no existing USP monograph for this drug substance, a new
monograph is proposed based on validated methods of analyses. The liquid chromatographic
procedure in the Assay is based on analyses performed with the Beckman Instrument
Ultrasphere ODS C-18 High Speed brand of L1 column. The typical retention time for
lomustine is about 11.5 min. The liquid chromatographic procedure in the test for Organic
Impurities is based on analyses performed with the Phenomenex Kinetex PFP brand of L43
column. The typical retention time for lomustine is about 39 min.
(SM3: F. Mao.)
Correspondence Number—C71535

Comment deadline: November 30, 2012
Add the following:
Lomustine

C9 H16 ClN3 O2

233.70

Urea, N-(2-chloroethyl)-N¢-cyclohexyl-N-nitroso-;
1-(2-Chloroethyl)-3-cyclohexyl-1-nitrosourea
[13010-47-4].
DEFINITION
Lomustine contains NLT 97% and NMT 103% of lomustine (C9 H16 ClN3 O2 ), calculated on the asis basis.
[Caution—Great care should be taken to prevent inhalation of particles of lomustine and to
prevent exposure to the skin.]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
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• Procedure
[Note—Protect the solutions from light. Use freshly prepared solutions.]
Mobile phase: Acetonitrile and water (35:65)
Standard solution: 0.2 mg/mL of USP Lomustine RS in acetonitrile
Sample solution: 0.2 mg/mL of Lomustine in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 75-mm; 3-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.0%
Tailing factor: NMT 1.3
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lomustine (C9 H16 ClN3 O2 ) in the portion of Lomustine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Lomustine RS in the Standard solution (mg/mL)
C=
U concentration of Lomustine in the Sample solution (mg/mL)
Acceptance criteria: 97%–103% on the as-is basis
IMPURITIES
• Heavy Metals
Magnesium sulfate solution: 250 mg/mL of magnesium sulfate in 2 N sulfuric acid
Lead nitrate stock solution and Standard lead solution: Prepare as directed in Heavy
Metals 231 , Special Reagents.
Standard solution: Transfer 4.0 mL of Standard lead solution into a 50-mL colorcomparison tube, and dilute with water to 25 mL.
Sample solution: Transfer 2.0 g of Lomustine to a 50-mL silica crucible. Add 4 mL of
Magnesium sulfate solution, and mix using a thin glass rod. Place the crucible on a steam
bath, and heat cautiously until charring begins. Then place the crucible on a hot plate,
and continue the charring. When the charring is complete, carry out the ignition at a
temperature not exceeding 800 until an almost white or a mostly grayish residue is
obtained. Allow to cool, and moisten the residue with 0.5 mL of 2 N hydrochloric acid,
evaporate, ignite again, and allow to cool. The total period of ignition must not exceed 2
h. Dissolve the residue in two portions, 5 mL each, of 2 N hydrochloric acid. Add 0.1 mL of
phenolphthalein TS, followed by ammonium hydroxide, until a pink color is obtained. Cool,
add glacial acetic acid until the solution is decolorized, then add an additional 0.5 mL of
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glacial acetic acid. Filter if necessary, dilute with water to 20 mL, and quantitatively
transfer this solution into a 50-mL color-comparison tube.
Analysis
Samples: Standard solution and Sample solution
Adjust with either 1 N acetic acid or 6 N ammonium hydroxide to a pH of between 3.0
and 4.0 using litmus paper. Dilute with water to 40 mL. Add 1.2 mL of thioacetamide–
glycerin base TS, and dilute with water to volume. Allow to stand for 2 min, and view
downward over a white surface.
Acceptance criteria: NMT 20 µg/g; any brown color in the Sample solution is not more
intense than that in the Standard solution.
• Organic Impurities
[Note—Protect the solutions from light. Use freshly prepared solutions.]
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
3
90
10
40
65
35
47
65
35
52
50
50
55
50
50
55.1
5
95
60
5
95
60.1
90
10
65
90
10
Standard solution A: 0.032 mg/mL each of USP Carmustine Related Compound A RS, USP
Lomustine Related Compound B RS, and USP Lomustine Related Compound C RS, and 0.04
mg/mL of USP Lomustine Related Compound D RS and 2 mg/mL of USP Lomustine RS in
acetonitrile
Standard solution B: 8 µg/mL of USP Lomustine RS in acetonitrile
Sample solution: 8 mg/mL of Lomustine in acetonitrile
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 195 and 230 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L43
Temperatures
Column: 35
Sample: 15
Flow rate: 0.8 mL/min
Injection volume: 4 µL
System suitability
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Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.2 between the lomustine and lomustine related compound D peaks
determined at 230 nm, Standard solution A
Relative standard deviation: NMT 10% for carmustine related compound A, lomustine
related compounds B and C determined at 195 nm, Standard solution A; NMT 10% for
lomustine related compound D determined at 230 nm, Standard solution A; NMT 10%
for lomustine determined at 230 nm, Standard solution B
Tailing factor: Between 0.7 and 1.3 for the lomustine peak determined at 230 nm,
Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Calculate the percentage of carmustine related compound A and lomustine related
compounds B and C in the portion of Lomustine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of each impurity from the Sample solution, determined at 195 nm
rS= peak area of the corresponding related compound from Standard solution A, determined
at 195 nm
C=
S concentration of the corresponding USP Carmustine Related Compound A RS, USP
Lomustine Related Compound B RS, or USP Lomustine Related Compound C RS in
Standard solution A (mg/mL)
C=
U concentration of Lomustine in the Sample solution (mg/mL)
Detect at 230 nm, and compare the peak area of lomustine related compound D in the
Sample solution with the peak area of lomustine related compound D in Standard solution
A. The peak area of lomustine related compound D in the Sample solution is NMT the peak
area of lomustine related compound D in Standard solution A (0.5%).
Calculate the percentage of any unspecified impurity in the portion of Lomustine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of any unspecified impurity from the Sample solution, determined at 195 nm
or 230 nm. If the impurity is detected at both wavelengths, use the higher peak area in
the formula.
rS= peak area of lomustine from Standard solution B, determined at 230 nm
C=
S concentration of USP Lomustine RS in Standard solution B (mg/mL)
C=
U concentration of Lomustine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2

Name
Carmustine related compound Aa
Lomustine related compound Bc
Lomustine related compound Cd
Lomustine

Relative
Retention
Time
0.11
0.39
0.73
1.0

Acceptance
Criteria,
NMT (%)
0.4b
0.4b
0.4b
—
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Lomustine related compound De
1.02
Any individual unspecified impurity
—
—
Total impuritiesf
a 1,3-Bis(2-chloroethyl)urea.
b No more than one such impurity (carmustine related compound A, lomustine
compound B, or lomustine related compound C) is greater than 0.2%.
c 1-(2-Chloroethyl)-3-cyclohexylurea.
d 1,3-Dicyclohexylurea.
e 3-(2-Chloroethyl)-1-cyclohexyl-1-nitrosourea.
f Lomustine related compound D is not included in the Total impurities.

0.5
0.2
1
related

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store between 2 and 8 .
• USP Reference Standards 11
USP Carmustine Related Compound A RS
1,3-Bis(2-chloroethyl)urea.
C5 H10 Cl2 N2 O
185.05
USP Lomustine RS
USP Lomustine Related Compound B RS
1-(2-Chloroethyl)-3-cyclohexylurea.
C9 H17 ClN2 O
204.70
USP Lomustine Related Compound C RS
1,3-Dicyclohexylurea.
C13 H24 N2 O
224.34
USP Lomustine Related Compound D RS
3-(2-Chloroethyl)-1-cyclohexyl-1-nitrosourea.
C9 H16 ClN3 O2
233.70
2S (USP36)

BRIEFING
Lomustine Capsules. Because there is no existing USP monograph for this drug substance, a
new monograph is proposed based on validated methods of analyses. The liquid
chromatographic procedure in the Assay is based on analyses performed with the Beckman
Instrument Ultrasphere ODS C-18 High Speed, 3-µm column brand of L1 packing. The typical
retention time for lomustine is about 12 min. The liquid chromatographic procedure in the
test for Organic Impurities is based on analyses performed with the Phenomenex Kinetex
PFP brand of L43 column. The typical retention time for lomustine is about 39 min.
(SM3: F. Mao.)
Correspondence Number—C71470

Comment deadline: November 30, 2012
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Add the following:
Lomustine Capsules
DEFINITION
Lomustine Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of lomustine
(C9 H16 ClN3 O2 ).
[Caution—Great care should be taken to prevent inhalation of particles of lomustine and to
prevent exposure to the skin.]
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Transfer the contents of 2 Capsules to a stoppered Erlenmeyer flask containing 25
mL of methylene chloride. Shake vigorously, and filter. Evaporate the chloroform from the
filtrate under a stream of dry nitrogen. Prepare a potassium bromide pellet of the residue.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Protect the solutions from light. Use freshly prepared solutions.]
Mobile phase: Acetonitrile and water (7:13)
Standard solution: 0.2 mg/mL of USP Lomustine RS in acetonitrile
Sample solution: 0.2 mg/mL of lomustine in acetonitrile prepared as follows. Transfer a
portion of the Capsule fill (from NLT 20 Capsules) to a suitable volumetric flask, and add
acetonitrile equivalent to 75% of the volume. Shake for 15 min, and dilute with acetonitrile
to volume. Pass through a suitable filter, and discard the first few mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 7.5-cm; 3-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Tailing factor: NMT 1.3
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lomustine (C9 H16 ClN3 O2 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of lomustine in the Standard solution (mg/mL)
C=
U nominal concentration of lomustine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
IMPURITIES
• Organic Impurities
[Note—Protect the solutions from light. Use freshly prepared solutions.]
Solution A: Water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
3
90
10
40
65
35
47
65
35
52
50
50
55
50
50
55.1
5
95
60
5
95
60.1
90
10
65
90
10
Standard solution A: 0.032 mg/mL each of USP Carmustine Related Compound A RS, USP
Lomustine Related Compound B RS, and USP Lomustine Related Compound C RS, and 0.04
mg/mL of USP Lomustine Related Compound D RS and 2 mg/mL of USP Lomustine RS in
acetonitrile
Standard solution B: 8 µg/mL of USP Lomustine RS in acetonitrile
Sample solution: 8 mg/mL of lomustine in acetonitrile prepared as follows. Transfer a
portion of the Capsule fill (from NLT 20 Capsules) to a suitable volumetric flask, and dilute
with acetonitrile to volume. Sonicate for 30 min, and then stir for 30 min. Pass a portion of
the solution through a suitable filter of 0.2-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 195 and 230 nm
Column: 4.6-mm × 10-cm; 2.6-µm packing L43
Temperatures
Column: 35
Sample: 15
Flow rate: 0.8 mL/min
Injection volume: 4 µL
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System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Resolution: NLT 1.2 between the lomustine and lomustine related compound D peaks
determined at 230 nm, Standard solution A
Relative standard deviation: NMT 10% for carmustine related compound A, lomustine
related compounds B and C determined at 195 nm, Standard solution A; NMT 10% for
lomustine related compound D determined at 230 nm, Standard solution A; NMT 10%
for lomustine determined at 230 nm, Standard solution B
Tailing factor: Between 0.7 and 1.3 for the lomustine peak determined at 230 nm,
Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Calculate the percentage of carmustine related compound A and lomustine related
compounds B and C in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of each impurity from the Sample solution, determined at 195 nm
rS= peak area of the corresponding related compound from Standard solution A, determined
at 195 nm
C=
S concentration of the corresponding USP Carmustine Related Compound A RS, USP
Lomustine Related Compound B RS, or USP Lomustine Related Compound C RS in
Standard solution A (mg/mL)
C=
U nominal concentration of lomustine in the Sample solution (mg/mL)
Detect at 230 nm, and compare the peak area of lomustine related compound D in the
Sample solution with the peak area of lomustine related compound D in Standard solution
A. The peak area of lomustine related compound D in the Sample solution is NMT the peak
area of lomustine related compound D in Standard solution A (0.5%).
Calculate the percentage of any unspecified impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of any unspecified impurity from the Sample solution, determined at 195 nm
or 230 nm. If the impurity is detected at both wavelengths, use the higher peak area in
the formula.
rS= peak area of lomustine from Standard solution B, determined at 230 nm
C=
S concentration of USP Lomustine RS in the Standard solution B (mg/mL)
C=
U nominal concentration of lomustine in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity peak less than 0.05%.
Table 2

Name
Carmustine related compound Aa
Lomustine related compound Bc
Lomustine related compound Cd

Relative
Retention
Time
0.11
0.39
0.73

Acceptance
Criteria,
NMT (%)
0.4b
0.4b
0.4b
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Lomustine
1.0
e
Lomustine related compound D
1.02
Any individual unspecified impurity
—
—
Total impuritiesf
a 1,3-Bis(2-chloroethyl)urea.
b No more than one such impurity (carmustine related compound A, lomustine
compound B, or lomustine related compound C) is greater than 0.2%.
c 1-(2-Chloroethyl)-3-cyclohexylurea.
d 1,3-Dicyclohexylurea.
e 3-(2-Chloroethyl)-1-cyclohexyl-1-nitrosourea.
f Lomustine related compound D is not included in the Total impurities.

—
0.5
0.2
2
related

PERFORMANCE TESTS
• Disintegration 701 : 20 min
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Carmustine Related Compound A RS
1,3-Bis(2-chloroethyl)urea.
C5 H10 Cl2 N2 O
185.05
USP Lomustine RS
USP Lomustine Related Compound B RS
1-(2-Chloroethyl)-3-cyclohexylurea.
C9 H17 ClN2 O
204.70
USP Lomustine Related Compound C RS
1,3-Dicyclohexylurea.
C13 H24 N2 O
224.34
USP Lomustine Related Compound D RS
3-(2-Chloroethyl)-1-cyclohexyl-1-nitrosourea.
C9 H16 ClN3 O2
233.70
2S (USP36)

BRIEFING
Loratadine, USP 35 page 3711. As part of USP monograph improvement efforts, the following
revisions are proposed:
1.
In the test for Organic Impurities, Procedure 1, Table 1 is revised to include a
descriptive trivial name for the specified impurity, and the chemical name for this
impurity is revised to reflect current USP naming convention. Additionally, using a
relative response factor of 1.0 for unspecified impurities is added.
2.
In the test for Organic Impurities, Procedure 2, Table 3 is revised to include descriptive
trivial names for the specified impurities and the chemical names for these impurities
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are revised to reflect current USP naming convention. Additionally, Acceptance
criteria of NMT 0.1% for the specified impurities has been added, and the
Acceptance criteria for any individual unknown impurity is revised from less than
0.1% to NMT 0.10%.
3.
The test for Melting Range or Temperature is deleted because the monograph contains
a specific IR identification procedure and also includes selective HPLC procedures for
Organic Impurities.
4.
The chemical names for USP Loratadine Related Compound A RS and USP Loratadine
Related Compound B RS in the USP Reference Standards 11 section are revised to
reflect current USP naming convention. The molecular weights for these reference
standards have been corrected.
(SM4: M. Waddell.)
Correspondence Number—C116004

Comment deadline: November 30, 2012
Loratadine

C22 H23 ClN2 O2

382.88

1-Piperidinecarboxylic acid, 4-(8-chloro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin11-ylidene)-, ethyl ester;
Ethyl 4-(8-chloro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-ylidene)-1piperidinecarboxylate
[79794-75-5].
DEFINITION
Loratadine contains NLT 98.5% and NMT 101.0% of loratadine (C22 H23 ClN2 O2 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer A (0.01 M dibasic potassium phosphate): 1.74 g/L of anhydrous dibasic potassium
phosphate in water
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Buffer B (0.6 M dibasic potassium phosphate): 105 g/L of anhydrous dibasic potassium
phosphate in water
0.05 N hydrochloric acid: Transfer 500 mL of water to a 1000-mL volumetric flask, add 83
mL of hydrochloric acid, and dilute with water to volume. Transfer 50 mL of this solution
into a 1000-mL volumetric flask, and dilute with water to volume.
Mobile phase: Acetonitrile, methanol, and Buffer A (60:60:70). Adjust with 10%
phosphoric acid to an apparent pH of 7.2.
Diluent: Transfer 400 mL of 0.05 N hydrochloric acid and 80 mL of Buffer B to a 1-L
volumetric flask. Dilute with a mixture of acetonitrile and methanol (1:1) to volume.
Standard solution: 0.4 mg/mL of USP Loratadine RS in Diluent
Sample solution: 0.4 mg/mL of Loratadine in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 25 –35
Flow rate: 1 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of loratadine (C22 H23 ClN2 O2 ) in the portion of Loratadine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Loratadine RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.5%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : 10 ppm
Change to read:
• Organic Impurities, Procedure 1
[Note—On the basis of the synthetic route, perform either Procedure 1 or Procedure 2.
Procedure 2 is recommended if 4,8-dichloro-6,11-dihydro-5Hbenzo[5,6]cyclohepta[1,2-b]pyridin-11-one is a potential related compound.]
Mobile phase and Diluent: Proceed as directed in the Assay
Standard solution: 0.8 µg/mL of USP Loratadine RS in Diluent
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Sample solution: 0.4 mg/mL of Loratadine in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 25 –35
Flow rate: 1 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Loratadine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of each impurity from the Sample solution
rS= peak area of loratadine from the Standard solution
C=
S concentration of USP Loratadine RS in the Standard solution (mg/mL)
C=
U concentration of Loratadine in the Sample solution (mg/mL)
F= relative response factor as listed in Table 1
Acceptance criteria: See Table 1.
Table 1

Name
4-(8-chloro-11-fluoro-6,11-dihydro-5Hbenzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)1-piperidinecarboxylate ethyl
Loratadine
Any other individual impurity
Total impurities

Name
Fluoroloratadinea
Loratadine
Any other individual impurity
Total impurities

Relative
Retention
Time

Table 1
Relative
Retention
Time
0.79
1.0
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.79
1.0
—
—

0.25
—
—
—

Relative
Response
Factor
0.25
—
1.0
—

0.2
—
0.1
0.3

Acceptance
Criteria,
NMT (%)
0.2
—
0.1
0.3
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a Ethyl 4-(8-chloro-11-fluoro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-yl)
piperidin-1-carboxylate.
2S (USP36)

Change to read:
• Organic impurities, Procedure 2
Solution A: Dissolve 0.96 g of 1-pentanesulfonic acid sodium salt in 900 mL of water.
Adjust with phosphoric acid solution (1 in 10) to a pH of 3.00 ± 0.05, and dilute with
water to 1 L.
Solution B: Acetonitrile
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
75
25
20
50
50
30
40
60
35
30
70
45
30
70
50
75
25
Standard stock solution: 0.1 mg/mL each of USP Loratadine RS, USP Loratadine Related
Compound A RS, and USP Loratadine Related Compound B RS in methanol
Standard solution: 0.01 mg/mL each of USP Loratadine RS, USP Loratadine Related
Compound A RS, and USP Loratadine Related Compound B RS prepared as follows. Transfer
1.0 mL of the Standard stock solution to a 10-mL volumetric flask, add 2 mL of Solution A,
and dilute with methanol to volume.
Sample solution: 10 mg/mL of Loratadine prepared as follows. Transfer 100 mg of
Loratadine to a 10-mL volumetric flask, and dissolve in 2 mL of methanol. Add 2 mL of
Solution A, and then dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between loratadine related compound A and loratadine related
compound B
Relative standard deviation: NMT 10% for the loratadine peak
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Loratadine taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak area of each individual impurity from the Sample solution
rS= peak area of loratadine from the Standard solution
C=
S concentration of USP Loratadine RS in the Standard solution (mg/mL)
C=
U concentration of Loratadine in the Sample solution (mg/mL)
F= relative response factor as listed in Table 3
Acceptance criteria: See Table 3.
Table 3
Name
Relative
Relative
Acceptance
Retention
Response
Criteria,
Time
Factor
(%)
Loratadine related compound A
0.50
1.00
NMT 0.1
Loratadine related compound B
0.53
0.89
NMT 0.1
8-Chloro-6,11-dihydro-5H0.70
0.60
—
benzo[5,6]cyclohepta[1,2-b]pyridin-11-one
8-Chloro-6,11-dihydro-11-[N-methyl-40.75
0.46
piperidinyl]11- hydroxy-5H—
benzo[5,6]cyclohepta[1,2-b]pyridine
4,8-Dichloro-6,11-dihydro-5H1.23
0.92
—
benzo[5,6]cyclohepta[1,2-b]pyridin-11-one
8-Chloro-6,11-dihydro-11-[N-ethoxy carbonyl-1.60
0.42
4- piperidinyl]-11-hydroxy-5H—
benzo[5,6]cyclohepta[1,2-b]pyridine
4,8-Dichloro-6,11-dihydro-11-[N-ethoxy
1.83
1.08
carbonyl-4- piperidylidene]-5H—
benzo[5,6]cyclohepta[1,2-b]pyridine
Loratadine
1.00
—
—
Any individual unknown impurity
—
1.0
< 0.1
Total impurities
—
—
0.3

Name
Loratadine related compound A
Loratadine related compound B
Loratadine related compound Ca
Hydroxy deacyl analogb
Loratadine
Dichlorobenzocycloheptapyridinonec
Hydroxyloratadined
4-Chloroloratadinee
Any individual unknown impurity
Total impurities

Table 3
Relative
Retention
Time
0.50
0.53
0.70
0.75
1.00
1.23
1.60
1.83
—
—

Relative
Response
Factor
1.00
0.89
0.60
0.46
—
0.92
0.42
1.08
1.0
—

Acceptance
Criteria,
NMT (%)
0.1
0.1
0.1
0.1
—
0.1
0.1
0.1
0.10
0.3
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a 8-Chloro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-one.
b 8-Chloro-5,6-dihydro-11-hydroxy-11-(1-methylpiperidin-4-yl)-11Hbenzo[5,6]cyclohepta[1,2-b]pyridine.
c 4,8-Dichloro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-one.
d Ethyl 4-(8-chloro-11-hydroxy-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11yl) piperidin-1-carboxylate.
e Ethyl 4-(4,8-dichloro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11ylidene)piperidin-1-carboxylate.
2S (USP36)

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 132 –137

2S (USP36)

• Loss on Drying 731
Analysis: Dry a sample at 100 to constant weight.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store between 2 and 30 .
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, then the labeling
states with which Organic Impurities test the article complies.
Change to read:
• USP Reference Standards 11
USP Loratadine RS
USP Loratadine Related Compound A RS
8-Chloro-6,11-dihydro-11-(4-piperidylidene)-5H-benzo[5,6]cyclohepta[1,2-b]pyridine.
8-Chloro-5,6-dihydro-11-(piperidin-4-ylidene)-11H-benzo[5,6]cyclohepta[1,2-b]pyridine.
2S (USP36)

C19 H19 ClN2
310.83
310.82 2S (USP36)
USP Loratadine Related Compound B RS
8-Chloro-6,11-dihydro-11-(N-methyl-4-piperinylidene)-5Hbenzo[5,6]cyclohepta[1,2-b]pyridine.
8-Chloro-5,6-dihydro-11-(N-methylpiperidin-4-ylidene)-11Hbenzo[5,6]cyclohepta[1,2-b]pyridine. 2S (USP36)
C20 H21 ClN2
324.88
324.85 2S (USP36)
BRIEFING
Methylphenidate Hydrochloride, USP 35 page 3880. On the basis of comments received, the
following revisions are proposed:
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1.
Revise the chemical structure of Methylphenidate Hydrochloride with a structure that
reflects the stereochemistry of the molecule.
2.
Add a chemical name for the drug substance.
3.
Add the name of the drug substance, Methylphenidate Hydrochloride, to the definition
of Cu in the Assay.
4.
Correct the name of the erythro isomer in Table 1 under Organic Impurities, Procedure
1 and in Table 3 under Organic Impurities, Procedure 2.
5.
Correct the chemical names of methylphenidate related compound A and ethylphenidate
in Table 3 under Organic Impurities, Procedure 2.
6.
Minor editorial changes to be consistent with the monograph redesign initiative.
(SM4: M. Koleck, R. Ravichandran, A. Wilk.)
Correspondence Number—C111972

Comment deadline: November 30, 2012
Methylphenidate Hydrochloride
Change to read:

2S (USP36)

C14 H19 NO2 ·HCl

269.77

2-Piperidineacetic acid, -phenyl-, methyl ester, hydrochloride, (R*,R*)-(±)-;
Methyl -phenyl-2-piperidineacetate hydrochloride;
Methyl (RS,RS)-2-phenyl-2-piperidin-2-yl) acetate, hydrochloride 2S (USP36)
[298-59-9].
DEFINITION
Methylphenidate Hydrochloride contains NLT 98.0% and NMT 102.0% of methylphenidate
hydrochloride (C14 H19 NO2 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. Identification Tests—General, Chloride
nitrate precipitate test
ASSAY

191 : Meets the requirement for the silver
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Change to read:
• Procedure
Buffer: 2.7 g/L of monobasic potassium phosphate
Mobile phase: Methanol and Buffer (1:2). Adjust with phosphoric acid to a pH of 4.6 ±
0.1.
System suitability solution: 0.005 mg/mL of USP Methylphenidate Related Compound A
RS and 0.5 mg/mL of USP Methylphenidate Hydrochloride RS in the Mobile phase
Standard solution: 0.5 mg/mL of USP Methylphenidate Hydrochloride RS in Mobile phase
Sample solution: 0.5 mg/mL of Methylphenidate Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 209 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 2 times the retention time of methylphenidate
System suitability
Sample: System suitability solution
Suitability requirements
Tailing factor: NMT 3.0 for the methylphenidate peak
Resolution: NLT 2.5 between methylphenidate related compound A and
methylphenidate
Relative standard deviation: NMT 2.0% for the methylphenidate peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methylphenidate hydrochloride (C14 H19 NO2 ·HCl) in the portion
of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Methylphenidate Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of
Methylphenidate Hydrochloride in 2S (USP36)
the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
[Note—If ethylphenidate or bis-methylphenidate is a known process impurity, Organic
Impurities, Procedure 2 is recommended.]
Change to read:
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• Organic Impurities, Procedure 1
Buffer, Mobile phase, System suitability solution, Sample solution, Chromatographic
system, and System suitability: Proceed as directed in the Assay.
Analysis
Sample: Sample solution
Identify each impurity using the relative retention times in Table 1. Calculate the
percentage of each impurity in the portion of Methylphenidate Hydrochloride taken:
Result = (rU/rT) × 100
r=
U peak response for each impurity in the Sample solution
r=
T sum of the responses for all impurity peaks including the methylphenidate peak in the
Sample solution
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Name

Acceptance
Criteria,
NMT (%)

Erythro(R,S)
2S (USP36)

isomera
0.58
0.15
Methylphenidate related compound Ab
0.85
0.5
Methylphenidate
1.0
—
Any individual, unspecified impurity
—
0.10
Total impurities
—
1.0
a Methyl (RS,SR)-2-phenyl-2-(piperidin-2-yl)acetate.
b (RS,RS)2-Phenyl-2-(piperidin-2-yl)acetic acid. [Note—Also known as -phenyl-2piperidine acetic acid.]
• Organic Impurities, Procedure 2
[Note—Perform this test only if ethylphenidate or bis-1,2-(-carboxymethylbenzyl) piperidine is a
known process impurity.]
Buffer A: 5.7 g of monobasic ammonium phosphate and 1.6 g of 1-octanesulfonate sodium
in 1 L of water
Buffer B: Add 4 mL of triethylamine to 1 L of Buffer A. Adjust with phosphoric acid to a pH
of 2.9.
Solution A: Acetonitrile and Buffer B (7:43)
Solution B: Acetonitrile and Buffer A (4:1)
System suitability solution: 0.5 mg/mL of USP Methylphenidate Hydrochloride RS; and 3
µg/mL each of USP Methylphenidate Related Compound A RS, phenylacetic acid, and USP
Methylphenidate Hydrochloride Erythro Isomer Solution RS in Solution A
Standard solution: 0.5 µg/mL of USP Methylphenidate Hydrochloride RS in Solution A
Sample solution: 0.5 mg/mL of Methylphenidate Hydrochloride in Solution A. [Note—Allow
the solution to stand for at least 2 h.]
Mobile phase: See Table 2. (See also Chromatography
Table 2

621 , System Suitability).
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Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
7
65
35
10
50
50
12
50
50
13
90
10
16
90
10
[Note—Equilibration of the chromatographic system at the initial conditions for a minimum of
30 min is recommended before the first injection.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 15-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 2.8 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution. [Note—Identify the peaks using the relative
retention times in Table 3.]
Suitability requirements
Resolution: NLT 2.7 between methylphenidate related compound A and phenylacetic
acid; NLT than 3.6 between phenylacetic acid and erythro isomer
Tailing factor: NMT 2.0 for the methylphenidate peak
Relative standard deviation: NMT 2.0% for the methylphenidate peak; NMT 5.0% for
methylphenidate related compound A, phenylacetic acid, and methylphenidate
hydrochloride erythro isomer
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Methylphenidate
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response for each impurity peak from the Sample solution
rS= peak response for the methylphenidate peak from the Standard solution
C=
S concentration of USP Methylphenidate Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Methylphenidate Hydrochloride in the Sample solution (mg/mL)
F= relative response factor (see Table 3)
Acceptance criteria: See Table 3.

Name

Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)
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0.55
0.67

1.1
1.0

0.2
0.1

1.0
—
0.9
2.6
1.0
—

0.2
—
0.1
0.1
0.1
0.5

2S (USP36)

isomerb
0.80
Methylphenidate
1.0
c
Ethylphenidate
1.22
d
Bis-methylphenidate
1.80
Any individual, unspecified impurity
—
Total impurities
—
a (RS,SR
RS 2S (USP36)
)2-Phenyl-2-(piperidin-2-yl)acetic acid. [Note—Also known as
acid.]
b Methyl (RS,SR)-2-phenyl-2-(piperidin-2-yl)acetate.
c Ethyl (RR,SS)-

-phenyl-2-piperidine acetic

2S (USP36)

-2-phenyl-2-(piperidin-2-yl)acetate.
d 1,2-Bis(carboxymethylbenzyl)piperidine. [Note—Also known as 1,2-( carboxymethylbenzyl)piperidine.]
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample in a vacuum at 60 for 4 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• Labeling: If a test for Organic Impurities other than Procedure 1 is used, then the labeling
states the procedure with which the article complies.
• USP Reference Standards 11
USP Methylphenidate Hydrochloride RS
USP Methylphenidate Hydrochloride Erythro Isomer Solution RS
This solution contains 0.5 mg of methylphenidate hydrochloride erythro isomer per mL in
methanol.
USP Methylphenidate Related Compound A RS
-Phenyl-2-piperidineacetic acid hydrochloride.
C13 H17 NO2 ·HCl
255.75
BRIEFING
Mezlocillin Sodium, USP 35 page 3914. On the basis of supporting data, it is proposed to make
the following revisions:
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1.
The molecular weight and CAS number for Mezlocillin Sodium are corrected per the USP
Dictionary.
2.
The Identification test for Thin-Layer Chromatography is replaced with Infrared
Absorption and Liquid Chromatography as part of the USP monograph modernization
initiative.
3.
The column efficiency criteria in the System suitability subsection of the Assay is
deleted because the remaining requirements are adequate to evaluate system
suitability.
4.
The liquid chromatography was performed using the Nucleosil C18 brand of L1 column.
The typical retention time for mezlocillin is 9 min. The Assay procedure is not
changed, and the column detail is for information only.
5.
The monograph has been updated to current USP style.
(SM1: S. Shivaprasad.)
Correspondence Number—C112850

Comment deadline: November 30, 2012
Mezlocillin Sodium
Change to read:

C21 H24 NaN5 O8 S2
561.56 2S (USP36)

561.57

4-Thia-1-azabicyclo[3.2.0]heptane-2-carboxylic acid, 3,3-dimethyl-6-[[[[[3-(methylsulfonyl)2-oxo-1-imidazolidinyl]carbonyl]amino]phenylacetyl] amino]-7-oxo-, monosodium salt, [2S-[2
,5 ,6 (S*)]]-;
Sodium (2S,5R,6R)-3,3-dimethyl-6-[(R)-2-[3-(methylsulfonyl)-2-oxo-1imidazolidinecarboxamido]-2-phenylacetamido]-7-oxo-4-thia-1-azabicyclo[3.2.0]heptane-2carboxylate
[59798-30-0].
[42057-22-7]. 2S (USP36)
Monohydrate

579.58

DEFINITION
Mezlocillin Sodium contains the equivalent of NLT 838 µg/mg and NMT 978 µg/mg of mezlocillin
(C21 H25 N5 O8 S2 ), calculated on the anhydrous basis.
IDENTIFICATION
Delete the following:
• A. Thin-Layer Chromatography
Standard solution: 4 mg/mL of USP Mezlocillin Sodium RS. Use within 10 min after
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preparation.
Sample solution: 4 mg/mL of mezlocillin. Use within 10 min after preparation.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 5 µL
Developing solvent system: Methanol, chloroform, water, and pyridine (90:80:30:10)
Analysis
Samples: Standard solution and Sample solution
Place the plate in a suitable chromatographic chamber, and develop the chromatogram
with Developing solvent system until the solvent front has moved about three fourths
the length of the plate. Remove the plate from the chamber, and dry with a current of
warm air for 10 min. Locate the spots on the plate by exposing it to iodine vapors in a
closed chamber for 30 s.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution. 2S (USP36)
Add the following:
• A. Infrared Absorption 197K

2S (USP36)

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
Change to read:
• B.
C. 2S (USP36)
Identification Tests—General, Sodium

191 : Meets the requirements

ASSAY
Change to read:
• Procedure
Buffer: 4.9 g/L of monobasic potassium phosphate and 0.54 g/L of dibasic potassium
phosphate in water
Mobile phase: Acetonitrile and Buffer (145:855)
Standard solution: 0.5 mg/mL of mezlocillin from USP Mezlocillin Sodium RS in water
Sample solution: 0.55 mg/mL of Mezlocillin Sodium in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4-mm × 12.5-cm; 5-µm packing L1
Temperature: 40
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
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Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1500 theoretical plates
2S (USP36)

Relative standard deviation: NMT 1.5%
Tailing factor: NMT 1.5
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in µg/mg, of mezlocillin (C21 H25 N5 O8 S2 ) in each mg of Mezlocillin
Sodium taken:
Result = (rU/rS) × (CS/CU) × P
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Mezlocillin Sodium RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
P= potency of mezlocillin in USP Mezlocillin Sodium RS (µg/mg)
Acceptance criteria: 838–978 µg/mg on the anhydrous basis
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in water
Acceptance criteria: +175 to +195
• pH 791
Sample solution: 100 mg/mL in water
Acceptance criteria: 4.5–8.0
• Water Determination, Method I

921 : NMT 6.0%

• Sterility Tests 71 : Where the label states that Mezlocillin Sodium is sterile, it meets the
requirements when tested as directed for Test for Sterility of the Product to Be Examined,
Membrane Filtration.
• Bacterial Endotoxins Test 85 : Where the label states that Mezlocillin Sodium is sterile
or must be subjected to further processing during the preparation of injectable dosage
forms, it contains NMT 0.06 USP Endotoxin Units/mg of mezlocillin.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Where it is intended for use in preparing injectable dosage forms, the label states
that it is sterile or must be subjected to further processing during the preparation of
injectable dosage forms.
• USP Reference Standards
USP Endotoxin RS
USP Mezlocillin Sodium RS

11

BRIEFING
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Moxidectin. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is proposed. The HPLC procedures in
the Assay and in the tests for Organic Impurities are based on analyses performed with the
Waters Nova-Pac C18 brand of L1 column. The typical retention time for moxidectin is about
12 min in the Assay. In the tests for Organic Impurities, the typical retention time for
moxidectin is 12 min using the Early-Eluting Impurities procedure, and 4 min using the LateEluting Impurities procedure.
(SM3: M. Puderbaugh.)
Correspondence Number—C104021

Comment deadline: November 30, 2012
Add the following:
Moxidectin

C37 H53 NO8

639.82

(6R,25S)-5-O-Demethyl-28-deoxy-25-[(E)-1,3-dimethyl-1-butenyl]-6,28-epoxy-23oxomilbemycin B 23-(E)-(O-methyloxime);
(2aE,4E,5¢R,6R,6'S,8E,11R,13S,15S,17aR,20R,20aR,20bS)-6¢-[(E)-1,3-Dimethyl-1-butenyl]5¢,6,6¢,7,10,11,14,15,17a,20,20a,20b-dodecahydro-20,20b-dihydroxy-5¢,6,8,19tetramethylspiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq][2,6]benzodioxacyclooctadecin13,2¢-[2H]pyran]-4¢,17(3¢H)-dione 4¢-(E)-(O-methyloxime)
[113507-06-5].
DEFINITION
Moxidectin contains NLT 92.0% and NMT 102.0% of moxidectin (C37 H53 NO8 ), calculated on the
anhydrous basis. It may contain small amounts of a suitable antioxidant.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Dissolve 7.7 g of ammonium acetate in 400 mL of water, and adjust with glacial
acetic acid to a pH of 4.8.
Mobile phase: Acetonitrile and Buffer (60:40)
Standard solution: 1.0 mg/mL of USP Moxidectin RS in acetonitrile. Sonicate if necessary
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to facilitate dissolution.
Sample solution: 1.0 mg/mL of Moxidectin in acetonitrile. Sonicate if necessary to
facilitate dissolution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Column temperature: 50
Flow rate: 2.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1%, for four replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of moxidectin (C37 H53 NO8 ) in the portion of Moxidectin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Moxidectin RS in the Standard solution (mg/mL)
C=
U concentration of Moxidectin in the Sample solution (mg/mL)
Acceptance criteria: 92.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Organic Impurities: Early-Eluting Impurities
Buffer, Mobile phase, Sample solution, and Chromatographic system: Proceed as
directed in the Assay.
System suitability solution: 1.0 mg/mL of USP Moxidectin System Suitability Mixture RS in
acetonitrile. Sonicate if necessary to facilitate dissolution
Standard solution: 0.01 mg/mL of Moxidectin in acetonitrile from the Sample solution
System suitability
Sample: System suitability solution
Suitability requirements
Peak-to-valley ratio: NLT 3.0 between moxidectin 17a-epimer and moxidectin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each early-eluting impurity in the portion of Moxidectin taken:
Result = (rU/rS) × F × D × 100
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r=
U peak response of each early-eluting impurity from the Sample solution
r=
S peak response of moxidectin from the Standard solution
F= Assay value expressed as a decimal
D= dilution factor used to prepare the Standard solution, 0.01
Acceptance criteria: See Table 1.
The reporting level for impurities is 0.1%. Disregard the peak due to the stabilizer (identify
this peak, where applicable, by injecting a suitable reference solution).
Table 1

Name
Moxidectin butenyl analoga
5¢ -Demethyl moxidectinb
Moxidectin pentenyl analogc
Moxidectin 17a-epimerd
Moxidectin
Sum of moxidectin 19- S-17a-enee and moxidectin ethyl
isomersf
Milbemycin B analog (moxidectin open ring)g
Any other individual impurity eluting before milbemycin B
analog (moxidectin open ring)

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.5
1.5
0.7
0.5
0.75
1.5
0.9
2.5
1.0
—
1.3–1.5
1.6

1.7h
1.5

—

0.5
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a (2aE,4E,5¢R,6R,6¢S,8E,11R,13S,15S,17aR,20R,20aR,20bS)-6¢-[(E)-But-2-en-2-yl]5¢,6,6¢,7,10,11,14,15,17a,20,20a,20b-dodecahydro-20,20b-dihydroxy-5¢,6,8,19tetramethylspiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq]
[2,6]benzodioxacyclooctadecin-13,2¢-[2H]pyran]-4¢,17(3¢H)-dione 4¢-(E)-(Omethyloxime).
b (2aE,4E,5¢R,6R,6¢S,8E,11R,13S,15S,17aR,20R,20aR,20bS)5¢,6,6¢,7,10,11,14,15,17a,20,20a,20b-Dodecahydro-20,20b-dihydroxy-6¢-[(E)- 4methylpent-2-en-2-yl]-6,8,19-trimethylspiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq]
[2,6]benzodioxacyclooctadecin-13,2¢-[2H]pyran]-4¢,17(3¢H)-dione 4¢-(E)-(Omethyloxime).
c (2aE,4E,5¢R,6R,6¢S,8E,11R,13S,15S,17aR,20R,20aR,20bS)5¢,6,6¢,7,10,11,14,15,17a,20,20a,20b-Dodecahydro-20,20b-dihydroxy-5¢,6,8,19tetramethyl-6¢-[(E)-pent-2-en-2-yl]spiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq]
[2,6]benzodioxacyclooctadecin-13,2¢-[2H]pyran]-4¢,17(3¢H)-dione 4¢-(E)-(Omethyloxime).
d (2aE,4E,5¢R,6R,6¢S,8E,11R,13S,15S,17aS,20R,20aR,20bS)5¢,6,6¢,7,10,11,14,15,17a,20,20a,20b-Dodecahydro-20,20b-dihydroxy-6¢-[(E)- 4methylpent-2-en-2-yl]-5¢,6,8,19-tetramethylspiro[11,15-methano-2H,13H,17Hfuro[4,3,2-pq][2,6]benzodioxacyclooctadecin-13,2¢-[2H]pyran]-4¢,17(3¢H)-dione 4¢-(E)(O-methyloxime).
e (2aE,4E,5¢R,6R,6¢S,8E,11R,13S,15S,19S,20R,20aR,20bS)5¢,6,6¢,7,10,11,14,15,19,20,20a,20b-Dodecahydro-20,20b-dihydroxy-6¢-[(E)- 4methylpent-2-en-2-yl]-5¢,6,8,19-tetramethylspiro[11,15-methano-2H,13H,17Hfuro[4,3,2-pq][2,6]benzodioxacyclooctadecin-13,2¢-[2H]pyran]-4¢,17(3¢H)-dione 4¢-(E)(O-methyloxime).
f Mixture of five possible isomers, where one methyl group in the analyte is replaced with
an ethyl group.
g (2¢R,3S,5¢S,6¢S,7R,9E,12R,13E,15E,16aS,18S,20aR)- 16a,18-Dihydroxy-5¢,10,12,16,19pentamethyl-6¢-[(E)-4-methylpent-2-en-2-yl]-3,4, 5¢,6¢,7,8,11,12,16a,17,18,20adodecahydro-1H-spiro[3,7-methanobenzo[g][1,5]dioxacyclooctadecin-5,2¢-[2H]pyran]14¢-dione (E)-(O-methyloxime).
h If present, moxidectin 19-S-17a-ene and the moxidectin ethyl isomers may not be
completely resolved by the method. These peaks are integrated together to determine
conformance.
• Organic Impurities: Late-Eluting Impurities
Buffer: Dissolve 3.8 g of ammonium acetate in 250 mL of water, and adjust with glacial
acetic acid to a pH of 4.2.
Mobile phase: Acetonitrile and Buffer (75:25)
System suitability solution: 3.0 mg/mL of USP Moxidectin System Suitability Mixture RS in
acetonitrile. Sonicate if necessary to facilitate dissolution
Sample solution: 3.0 mg/mL of Moxidectin in acetonitrile. Sonicate if necessary to
facilitate dissolution.
Standard solution: 0.03 mg/mL of Moxidectin in acetonitrile from the Sample solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 242 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1

PF 38(5): Sep.-Oct. 2012

925

Column temperature: 35
Flow rate: 2 mL/min
Injection volume: 10 µL
Run time: NLT 10 times the retention time of moxidectin
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 2 between moxidectin deoxydiene/methylthiomethoxymoxidectin and
20b-methylthiomoxidectin
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each late-eluting impurity in the portion of Moxidectin taken:
Result = (rU/rS) × F × D × 100
r=
U peak response of each late-eluting impurity from the Sample solution
r=
S peak response of moxidectin from the Standard solution
F= Assay value expressed as a decimal
D= dilution factor used to prepare the Standard solution, 0.01
Acceptance criteria: See Table 2.
The reporting level for impurities is 0.1%. Disregard the peak due to the stabilizer (identify
this peak, where applicable, by injecting a suitable reference solution).
Table 2

Name
Moxidectin
Moxidectin deoxydienea and 4¢ -Methylthiomethoxy
moxidectinb
20b-Methylthiomoxidectinc
20-Nitrobenzoylmoxidectind
Any other individual impurity eluting after the milbemycin B
analog (moxidectin open ring) ( 1.4 RRT)

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
1.0
—
2.0
2.2
3.4
—

1.0e
0.5
0.5
0.5
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a (2aE,4E,5¢R,6R,6¢S,8E,11R,13S,15S,20aR,20bS)-5¢,6,6¢,7,10,11,14,15,20a,20bDecahydro-20b-hydroxy-6¢-[(E)-4-methylpent-2-en-2-yl]-5¢,6,8,19tetramethylspiro[11,15-methano-2H,13H,17H-furo[4,3,2-pq]
[2,6]benzodioxacyclooctadecin-13,2¢-[2H]pyran]-4¢,17(3¢H)-dione 4¢-(E)-(Omethyloxime).
b (2aE,4E,4¢S,5¢R,6R,6¢S,8E,11R,13S,15S,17aR,20R,20aR,20bS)3¢,4¢,5¢,6,6¢,7,10,11,14,15,17a,20,20a,20b-Tetradecahydro-20,20b-dihydroxy-6¢-[(E)-4methylpent-2-en-2-yl]-4¢-methylthiomethoxy-5¢,6,8,19-tetramethylspiro[11,15-methano2H,13H,17H-furo[4,3,2-pq][2,6]benzodioxacyclooctadecin-13,2¢-[2H]pyran]-17-one.
c (2aE,4E,5¢R,6R,6¢S,8E,11R,13S,15S,17aR,20R,20aR,20bS)5¢,6,6¢,7,10,11,14,15,17a,20,20a,20b-Dodecahydro-20-hydroxy-6¢-[(E)- 4-methylpent-2en-2-yl]- 20b-methylthiomethoxy-5¢,6,8,19-tetramethylspiro[11,15-methano2H,13H,17H-furo[4,3,2-pq][2,6]benzodioxacyclooctadecin-13,2¢-[2H]pyran]-4¢,17(3¢H)dione 4¢-(E)-(O-methyloxime).
d (2aE,4E,5¢R,6R,6¢S,8E,11R,13S,15S,17aR,20R,20aR,20bS)5¢,6,6¢,7,10,11,14,15,17a,20,20a,20b-Dodecahydro-20b-hydroxy-6¢-[(E)- 4-methylpent2-en-2-yl]-20-(4-nitrobenzoyloxy)-5¢,6,8,19-tetramethylspiro[11,15-methano2H,13H,17H-furo[4,3,2-pq][2,6]benzodioxacyclooctadecin-13,2¢-[2H]pyran]-4¢,17(3¢H)dione 4¢-(E)-(O-methyloxime).
e If present, impurities moxidectin deoxydiene and 4¢-methylthiomethoxymoxidectin may
not be completely resolved by the method. These peaks are integrated together to
determine conformance.
• Total Organic Impurities
Analysis: Calculate the sum of all impurities found in the tests for Organic Impurities:
Early-Eluting Impurities and Organic Impurities: Late-Eluting Impurities in the portion of
Moxidectin taken.
Acceptance criteria: NMT 7.0%
SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 1.3%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers, and store in a
refrigerator.
• Labeling: Label it to indicate that it is for veterinary use only. Label it to state the name(s)
and amount(s) of any added substance(s).
• USP Reference Standards 11
USP Moxidectin RS
USP Moxidectin System Suitability Mixture RS
2S (USP36)

BRIEFING
Octinoxate, USP 35 page 4097. On the basis of comments received, it is proposed to make the
following changes:
1.
The reagent grade benzyl benzoate used to prepare the Internal standard solution in
the Assay is replaced by USP Benzyl Benzoate RS, and USP Benzyl Benzoate RS is
added to the USP Reference Standard 11 section.
2.
For clarification, the system suitability requirement for the relative standard deviation in
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the Assay is specified for the peak area ratio of octinoxate to benzyl benzoate and,
on the basis of supporting data, the requirement is tightened from NMT 2.0% to NMT
1.0%.
(SM3: F. Mao.)
Correspondence Number—C113041

Comment deadline: November 30, 2012
Octinoxate

C18 H26 O3

290.40

2-Propenoic acid, 3-(4-methoxyphenyl)-, 2-ethylhexyl ester;
2-Ethylhexyl p-methoxycinnamate
[5466-77-3].
DEFINITION
Octinoxate contains NLT 95.0% and NMT 105.0% of octinoxate (C18 H26 O3 ), calculated on the
as-is basis.
IDENTIFICATION
• A. Infrared Absorption 197F
• B. Ultraviolet Absorption 197U
Sample solution: 5 µg/mL in alcohol
ASSAY
Change to read:
• Procedure
Internal standard solution: 5% (v/v) Benzyl benzoate
USP Benzyl Benzoate RS 2S (USP36)
in acetone
Standard solution: 50 mg/mL of USP Octinoxate RS in Internal standard solution
Sample solution: Transfer 5 mL of Octinoxate to a 100-mL volumetric flask, and dilute
with the Internal standard solution to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 25-m column; coating G1
Carrier gas: Helium
Temperatures
Injector: 250
Detector: 300
Column: See Table 1.
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Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
80
22
300
10
Flow rate: 2 mL/min
Injection volume: 1 µL
Split ratio: 85:1
System suitability
Sample: Standard solution
[Note—The relative retention times for benzyl benzoate and octinoxate are about 0.68
and 1.0, respectively.]
Suitability requirements
Resolution: NLT 20 between benzyl benzoate and octinoxate
Relative standard deviation: NMT 2.0%
1.0% for the peak area ratio of octinoxate to benzyl benzoate 2S (USP36)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of octinoxate (C18 H26 O3 ) in the portion of Octinoxate taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of octinoxate to benzyl benzoate from the Sample solution
R=
S peak area ratio of octinoxate to benzyl benzoate from the Standard solution
C=
S concentration of USP Octinoxate RS in the Standard solution (mg/mL)
C=
U concentration of Octinoxate in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% on the as-is basis
IMPURITIES
• Organic Impurities
Standard solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Sample solution: Transfer 5 mL of Octinoxate into a 100-mL volumetric flask, and dilute
with acetone to volume.
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Octinoxate taken:
Result = (rU/rT) × 100
r=
U peak area for each impurity
r=
T sum of the peak areas of all the peaks
Acceptance criteria
Any individual impurity: NMT 0.5%
Total impurities: NMT 2.0%
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SPECIFIC TESTS
• Specific Gravity

841 : 1.005–1.013

• Refractive Index 831 : 1.542–1.548 at 20
• Acidity
Sample: 5 mL of Octinoxate
Analysis: Add 50 mL of alcohol to the Sample, and mix. Add 4 drops of phenolphthalein TS,
and titrate with 0.1 N of sodium hydroxide.
Acceptance criteria: NMT 0.8 mL of 0.1 N sodium hydroxide is required.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store in a cool place.
Change to read:
• USP Reference Standards 11
USP Benzyl Benzoate RS
Benzoic acid, phenylmethyl ester.
C14 H14 O2
212.24 2S (USP36)
USP Octinoxate RS
BRIEFING
Orphenadrine Citrate, Aspirin, and Caffeine Tablets. Because there is no existing USP
monograph for this drug product, a new monograph is being proposed. The liquid
chromatographic procedure in the following tests are based on analyses performed with µBondapak brand of L1 column manufactured by the Waters Corporation: The typical
retention time for orphenadrine is about 9 min in the Assay for Orphenadrine Citrate; the
typical retention time for caffeine is about 4 min and for aspirin is about 5.6 in the Assay for
Aspirin and Caffeine; the typical retention time for orphenadrine is about 8.5 min in the
Dissolution for Orphenadrine Citrate; the typical retention time for caffeine is about 3.5 min
and for aspirin is about 5.5 min in the Dissolution for Aspirin and Caffeine; and the typical
retention time for aspirin is about 5.6 min and for salicylic acid is about 7.3 min in the test
for Organic Impurities.
The liquid chromatographic procedure in the test for Limit of 2-Methylbenzhydrol is based on
analyses performed with a Symmetry C18 brand of L1 column manufactured by the Waters
Corporation. The typical retention time for methylbenzhydrol is about 5 min.
(SM4: R. Ravichandran.)
Correspondence Number—C92111

Comment deadline: November 30, 2012
Add the following:
Orphenadrine Citrate, Aspirin, and Caffeine Tablets
DEFINITION
Orphenadrine Citrate, Aspirin, and Caffeine Tablets contain NLT 90.0% and NMT 110.0% each
of orphenadrine citrate (C18 H23 NO·C6 H8 O7 ), aspirin (C9 H8 O4 ), and caffeine (C8 H10 N4 O2 ).
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IDENTIFICATION
• A. The retention times of the orphenadrine, aspirin, and caffeine peaks in the chromatogram
of the Sample solution correspond to those of the orphenadrine, aspirin, and caffeine
peaks in the chromatogram of the Standard solution, as obtained in the Orphenadrine
Citrate and Aspirin and Caffeine tests in the Assay.
ASSAY
• Orphenadrine Citrate
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid to
a pH of 3.6. To each L of this solution add 5.8 g of sodium dodecyl sulfate, and dissolve.
Mobile phase: Acetonitrile and Buffer (50:50)
Diluent: Methanol and glacial acetic acid (92:8)
Standard solution: 0.1 mg/mL of USP Orphenadrine Citrate RS prepared as follows.
Transfer the weighed amount of standard to a suitable volumetric flask with the aid of
methanol. Add glacial acetic acid to fill 8% of final volume and methanol to fill 75% of final
volume. Sonicate with occasional shaking for NLT 15 min. Allow the solution to equilibrate
to room temperature. Dilute with methanol to volume. Filter a portion through a suitable
filter of 0.45-µm pore size, discarding at least the first 3 mL of the filtrate.
Sample stock solution: Nominally 0.5 mg/mL of orphenadrine citrate from Tablets (NLT 5),
prepared as follows. To the volumetric flask containing the Tablets, add glacial acetic acid
to fill 8% of final volume and methanol to fill 75% of final volume. Sonicate with occasional
hand shaking for NLT 15 min. Shake mechanically for NLT 15 min. Allow the solution to
equilibrate to room temperature. Dilute with methanol to volume. [Note—This solution also
contains 7.7 mg/mL of aspirin and 0.6 mg/mL of caffeine.]
Sample solution: Nominally 0.1 mg/mL of orphenadrine citrate by diluting a suitable portion
of the Sample stock solution with Diluent. Filter a portion through a suitable filter of 0.45µm pore size, discarding at least the first 3 mL of the filtrate. [Note—This solution also
contains 1.5 mg/mL of aspirin and 0.1 mg/mL of caffeine.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 15 µL
Run time: 1.5 times the retention time of orphenadrine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of orphenadrine citrate (C18 H23 NO ·
C6 H8 O7 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Orphenadrine Citrate RS in the Standard solution (mg/mL)
C=
U nominal concentration of orphenadrine citrate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
• Aspirin and Caffeine
Buffer: Dissolve 0.8 g/L of hexanesulfonic acid sodium salt in water. Adjust with glacial
acetic acid to a pH of 3.0.
Mobile phase: Methanol and Buffer (40:60)
Diluent: Methanol and glacial acetic acid (92:8)
Standard solution: 1.5 mg/mL of USP Aspirin RS and 0.1 mg/mL of USP Caffeine RS
prepared as follows. Transfer the weighed amount of standards to a suitable volumetric
flask with the aid of methanol. Add glacial acetic acid to fill 8% of final volume and
methanol to fill 75% of final volume. Sonicate with occasional hand shaking for NLT 15
min. Allow the solution to equilibrate to room temperature. Dilute with methanol to volume.
Filter a portion through a suitable filter of 0.45-µm pore size, discarding at least the first 3
mL of the filtrate.
Sample stock solution: Nominally 7.7 mg/mL of aspirin from Tablets (NLT 5), prepared as
follows. To the volumetric flask containing the Tablets, add glacial acetic acid to fill 8% of
final volume and methanol to fill 75% of final volume. Sonicate with occasional hand
shaking for NLT 15 min. Allow the solution to equilibrate to room temperature. Dilute with
methanol to volume. [Note—This solution also contains 0.6 mg/mL of caffeine and 0.5
mg/mL of orphenadrine citrate.]
Sample solution: Nominally 1.5 mg/mL of aspirin by diluting a suitable portion of the
Sample stock solution with Diluent. Filter a portion through a suitable filter of 0.45-µm
pore size, discarding at least the first 3 mL of the filtrate. [Note—This Sample solution
also contains 0.1 mg/mL of caffeine and 0.1 mg/mL of orphenadrine citrate.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 15 µL
Run time: 3 times the retention time of aspirin
System suitability
[Note—The relative retention time for caffeine and for aspirin is 0.70 and 1.0, respectively.]
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.5 between caffeine and aspirin peaks
Relative standard deviation: NMT 2.0% each for both the caffeine and aspirin peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of aspirin (C9 H8 O4 ) in the portion of
Tablets taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Aspirin RS in the Standard solution (mg/mL)
C=
U nominal concentration of aspirin in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of caffeine (C8 H10 N4 O2 ) in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Caffeine RS in the Standard solution (mg/mL)
C=
U nominal concentration of caffeine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0% each of aspirin and caffeine
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Times: 45 min for aspirin and caffeine; 60 min for orphenadrine
Separate dissolution baths must be run for the different time points.
Orphenadrine citrate
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with phosphoric acid
to a pH of 3.6. To each L of this solution add 5.8 g of sodium dodecyl sulfate, and
dissolve.
Mobile phase: Acetonitrile and Buffer (50:50)
Standard solution: (L/900) mg/mL of USP Orphenadrine Citrate RS in Medium, where L is
the label claim in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 2 mL/min
Injection volume: 100 µL
Run time: 1.2 times the retention time of orphenadrine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 3.0%
Calculate the percentage (Q) of the labeled amount of orphenadrine citrate (C18 H23 NO ·
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C6 H8 O7 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response for orphenadrine from the Sample solution
rS= peak response for orphenadrine from the Standard solution
C=
S concentration of USP Orphenadrine Citrate RS in the Standard solution (mg/mL)
L= label claim for orphenadrine (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of orphenadrine is dissolved in 60 min.
Aspirin and caffeine
Buffer: 0.8 g/L of hexanesulfonic acid sodium salt in water
Mobile phase: Methanol and Buffer (40:60). Adjust with glacial acetic acid to a pH of
3.0.
Standard stock solution: 1.0 mg/mL of USP Aspirin RS, 0.1 mg/mL of USP Caffeine RS,
and 0.1 mg/mL of USP Salicylic Acid RS prepared as follows. Transfer the weighed
amount of standards to a suitable volumetric flask with the aid of methanol. Add glacial
acetic acid to fill 8% of final volume and methanol to fill 75% of final volume. Sonicate
with occasional shaking for NLT 15 min. Allow the solution to equilibrate to room
temperature. Dilute with methanol to volume.
Standard solution: Dilute a suitable volume of the Standard stock solution with methanol
to obtain a final concentration of about 0.25 mg/mL of USP Aspirin RS and 0.025 mg/mL
each of USP Caffeine RS and USP Salicylic acid RS.
Sample solution: At the time specified, withdraw the solution under test and pass
through a suitable filter. If necessary, dilute the filtrate with methanol to obtain a final
concentration similar to that of the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 15 µL
Run time: 2 times the retention time of aspirin
System suitability
[Note—The relative retention times for caffeine, aspirin, and salicylic acidi are 0.70, 1.0,
and 1.3, respectively.]
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0% for both the caffeine and aspirin peaks
Calculate the percentage (Q) of the labeled amount of aspirin (C9 H8 O4 ) or caffeine
(C8 H10 N4 O2 ) dissolved:
Result = (rU/rS) × (CS/L) × D × V × 100
rU= peak response for aspirin or caffeine from the Sample solution
rS= peak response for aspirin or caffeine from the Standard solution
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C=
S concentration of USP Aspirin RS or USP Caffeine RS in the Standard solution (mg/mL)
L= label claim for aspirin or caffeine (mg/Tablet)
D= dilution factor, if applicable
V= volume of Medium, 900 mL
Calculate the percentage of salicylic acid (C7 H6 O3 ), relative to the labeled amount of
aspirin, dissolved:
Result = (rU/rS) × (CS/L) × D × V × (Mr1/Mr2) × 100
rU= peak response for salicylic acid from the Sample solution
rS= peak response for salicylic acid from the Standard solution
CS= concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
L = label claim for aspirin (mg/Tablet)
D = dilution factor
Mr1
= molecular weight of aspirin, 180.16
Mr2
= molecular weight of salicylic acid, 138.12
V = volume of Medium, 900 mL
The percentage of salicylic acid dissolved should be added to the percentage of aspirin
dissolved.
Tolerances: NLT 70% (Q) of the labeled amounts of aspirin and caffeine is dissolved in 45
min.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Limit of 2-Methylbenzhydrol
Buffer: 6.8 g/L of monobasic potassium phosphate in water
Mobile phase: To 1 L of Buffer add 5.8 g of sodium dodecyl sulfate and 1 L of acetonitrile.
Adjust with phosphoric acid to a pH of 3.6.
Standard solution: 7.5 µg/mL of USP 2-Methylbenzhydrol RS in methanol
Sample solution: Nominally 1.5 mg/mL of orphenadrine citrate in methanol from a portion
of finely powdered Tablets (NLT 20 Tablets). [Note—This Sample solution also contains
0.6 mg/mL of caffeine and 0.5 mg/mL of orphenadrine citrate.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 213 nm
Column: 4.6-mm × 150-mm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
Run time: 2.5 times the retention time of 2-methylbenzhydrol
System suitability
Sample: Standard solution
Suitability requirements:
Tailing factor: NMT 1.5
Relative standard deviation: NMT 5.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of 2-methylbenzhydrol in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP 2-Methylbenzhydrol RS in the Standard solution (mg/mL)
C=
U nominal concentration of orphenadrine citrate in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.5%
• Organic Impurities
Buffer: 0.8 g/L of sodium 1-hexanesulfonate in water. Adjust with glacial acetic acid to a
pH of 3.0.
Mobile phase: Methanol and Buffer (40:60)
Diluent: Methanol and glacial acetic acid (92:8)
System suitability solution: 0.6 mg/mL of USP Salicyclic Acid RS, 1.5 mg/mL of USP
Aspirin RS, and 0.1 mg/mL of USP Caffeine RS prepared as follows. Transfer the weighed
amount of standards to a suitable volumetric flask with the aid of methanol. Add glacial
acetic acid to fill 8% of final volume and methanol to fill 75% of final volume. Sonicate
with occasional hand shaking for NLT 15 min. Allow the solution to equilibrate to room
temperature. Dilute with methanol to volume. Filter a portion through a suitable filter of
0.45-µm pore size, discarding at least the first 3 mL of the filtrate.
Standard solution: 0.04 mg/mL of USP Salicylic Acid RS prepared as follows. Transfer the
weighed amount of standard to a suitable volumetric flask with the aid of methanol. Add
glacial acetic acid to fill 8% of final volume, and dilute with methanol to volume. Filter a
portion through a suitable filter of 0.45-µm pore size, discarding at least the first 3 mL of
the filtrate.
Sample stock solution: Nominally 7.7 mg/mL of aspirin from Tablets (NLT 5), prepared as
follows. To the volumetric flask containing the Tablets, add glacial acetic acid to fill 8% of
final volume and methanol to fill 75% of final volume. Sonicate with occasional hand
shaking for NLT 15 min. Allow the solution to equilibrate to room temperature. Dilute with
methanol to volume. [Note—This solution also contains 0.5 mg/mL of orphenadrine citrate
and 0.6 mg/mL of caffeine.]
Sample solution: Nominally 1.5 mg/mL of aspirin by diluting suitable portion of the Sample
stock solution with Diluent. Filter a portion through a suitable filter of 0.45-µm pore size,
discarding at least the first 3 mL of the filtrate. [Note—This Sample solution also contains
0.1 mg/mL of orphenadrine citrate and 0.1 mg/mL of caffeine.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 25 µL
Run time: 3 times the retention time of the aspirin peak
System suitability
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[Note—Refer to Table 1 for relative retention times.]
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between the caffeine and aspirin peaks; NLT 1.5 between the
aspirin and salicylic acid peaks, System suitability solution
Relative standard deviation: NMT 2.0% each for aspirin and caffeine peaks, System
suitability solution; NMT 3.0% for salicylic acid, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of salicylic acid in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Salicylic Acid RS in the Standard solution (mg/mL)
C=
U nominal concentration of aspirin in the Sample solution (mg/mL)
Calculate the percentage of other organic impurities in the portion of Tablets taken:
Result = (rU/rT) × 100
r=
U sum of the areas of all other organic impurities from the Sample solution
r=
T sum of the areas of all peaks from the Sample solution
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time
0.70
1.0
1.3
—

Acceptance
Criteria,
NMT (%)
—
—
3.0
2.0

Name
Caffeine
Aspirin
Salicylic acid
Total impuritiesa
a Does not include salicylic acid and 2-methylbenzhydrol.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Aspirin RS
USP Caffeine RS
USP 2-Methylbenzhydrol RS
2-Methylbenzhydrol.
C14 H14 O
198.26
USP Orphenadrine Citrate RS
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USP Salicyclic Acid RS
2S (USP36)

BRIEFING
Oxcarbazepine Tablets. The proposed new monograph for Oxcarbazepine Tablets previously
published on page 1478 of PF 34(6) [Nov.–Dec. 2008] is canceled and replaced with the
following new proposal.
The liquid chromatographic procedure in the Assay and in the test for Organic Impurities,
Procedure 1 is based on analyses performed with a Thermo Scientific, Hypersil BDS C18
brand of L1 column. The typical retention time for oxcarbazepine is about 6 min. The liquid
chromatographic procedure in the test for Organic Impurities, Procedure 2 is based on
analyses performed with a Macherey-Nagel, Nucleosil 100-5 C18 AB brand of L1 column. The
typical retention time for oxcarbazepine is about 8 min.
(SM4: R. Ravichandran.)
Correspondence Number—C61741

Comment deadline: November 30, 2012
Add the following:
Oxcarbazepine Tablets
DEFINITION
Oxcarbazepine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
oxcarbazepine (C15 H12 N2 O2 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Weigh about 840 mg of crushed Tablet powder, and add to a 50-mL volumetric
flask. Add 45 mL of chloroform, and shake the flask for 30 min on a mechanical shaker.
Add chloroform to volume, centrifuge, and collect the supernatant in a Petri dish.
Evaporate the supernatant on a water bath at 60 . Dry the residue, and crush the residue
thoroughly with potassium bromide in the ratio of 1:100.
• B. The retention time of the major peak in the Sample solution corresponds to that in the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Add 2 mL of triethylamine.
Adjust with phosphoric acid to a pH of 6.0
Diluent: Methanol and water (80:20)
Mobile phase: Methanol, acetonitrile, and Buffer (22:16:62)
Standard stock solution: 0.5 mg/mL of USP Oxcarbazepine RS in Diluent. Sonication may
be used to aid in dissolution.
Standard solution: 0.1 mg/mL of USP Oxcarbazepine RS in Mobile phase from the Standard
stock solution
Sample stock solution: Nominally equivalent to 1.2 mg/mL of oxcarbazepine from a portion
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of finely powdered (NLT 20) Tablets, prepared as follows. Transfer a weighed quantity of
powdered Tablets, equivalent to 600 mg of oxcarbazepine, to a 500-mL volumetric flask.
Add Diluent to fill 50% of final volume. Sonicate for 15 min with intermittent swirling, cool
to room temperature, and dilute with Diluent to volume. Pass this solution through a
suitable 2-µm glass filter, and discard the first portion of the filtrate.
Sample solution: 0.1 mg/mL of oxcarbazepine in Mobile phase from a portion of the filtrate
obtained from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Temperatures
Sample: 5
Column: 50
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxcarbazepine (C15 H12 N2 O2 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Oxcarbazepine RS in the Standard solution (mg/mL)
C=
U nominal concentration of oxcarbazepine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium
For Tablets labeled to contain 150 mg: 0.3% (w/v) sodium dodecyl sulfate in water;
900 mL, deaerated
For Tablets labeled to contain 300 mg: 0.6% (w/v) sodium dodecyl sulfate in water;
900 mL, deaerated
For Tablets labeled to contain 600 mg: 1.0% (w/v) sodium dodecyl sulfate in water;
900 mL, deaerated
Apparatus 2: 60 rpm
Time: 30 and 60 min
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Standard stock solution: 0.35 mg/mL of USP Oxcarbazepine RS in methanol
Standard solution: Dilute the Standard stock solution with the corresponding Medium,
according to the Tablet strength, to obtain a final concentration of (L/900) µg/mL,
where L is the label claim in mg/Tablet.
Sample solution: Use portions of the solution under test passed through a suitable filter
of 0.45-µm pore size. The volume of the solution under test withdrawn must be replaced
by the same volume of corresponding Medium. Dilute with the appropriate Medium if
necessary, according to the Tablet strength, to obtain a final concentration similar to
that of the Standard solution.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 256 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxcarbazepine (C15 H12 N2 O2 ) dissolved at 30 min (Q30):
Q30 = (AU/AS) × (CS/L) × D × V × 100
Calculate the percentage of oxcarbazepine (C15 H12 N2 O2 ) dissolved at 60 min (Q60 ):
Q60 =[(AU/AS) ×(CS/L) × D × V × 100] + [Q30 × VS/V]
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
D= dilution factor of the Sample solution
V= volume of Medium, 900 mL
V=
S volume of the solution under test withdrawn (mL)
Tolerances: NLT 70% (Q) of the labeled amount of oxcarbazepine is dissolved in 30 min,
and NLT 80% (Q) of the labeled amount of oxcarbazepine is dissolved in 60 min.
Test 2: If the product complies with this test, the labeling indicates that the product meets
Dissolution Test 2.
Medium
For Tablets labeled to contain 150 mg: 0.3% (w/v) sodium dodecyl sulfate in water;
900 mL, deaerated
For Tablets labeled to contain 300 mg: 0.6% (w/v) sodium dodecyl sulfate in water;
900 mL, deaerated
For Tablets labeled to contain 600 mg: 1.0% (w/v) sodium dodecyl sulfate in water;
900 mL, deaerated
Apparatus 2: 60 rpm
Times: 30 and 60 min
Standard stock solution: 3.3 mg/mL of USP Oxcarbazepine RS in methanol. [Note—This
solution is stable for 22 h at 10 .]
Standard solution: Dilute the Standard stock solution with the corresponding Medium,
according to the Tablet strength, to obtain a final concentration of (L/900) µg/mL,
where L is the label claim in mg/Tablet.
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Sample solution: Use portions of the solution under test passed through a suitable filter
of 0.45-µm pore size. The volume of the solution under test withdrawn must be replaced
by the same volume of corresponding Medium.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 304 nm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxcarbazepine (C15 H12 N2 O2 ) dissolved at 30 min (Q30):
Q30 = (AU/AS) × (CS/L) × D × V × 100
Calculate the percentage of oxcarbazepine (C15 H12 N2 O2 ) dissolved at 60 min (Q60):
Q60 = [(AU/AS) × (CS/L) × D × V × 100] + [Q30 × VS/V]
A=
U absorbance obtained from the Sample solution
A=
S absorbance obtained from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
D= dilution factor of the Sample solution
V= volume of Medium, 900 mL
V=
S volume of the solution under test withdrawn (mL)
Tolerances
For Tablets labeled to contain 150 or 300 mg: NLT 70% (Q) of the labeled amount of
oxcarbazepine is dissolved in 30 min, and NLT 80% (Q) of the labeled amount of
oxcarbazepine is dissolved in 60 min.
For Tablets labeled to contain 600 mg: NLT 50% (Q) of the labeled amount of
oxcarbazepine is dissolved in 30 min, and NLT 80% (Q) of the labeled amount of
oxcarbazepine is dissolved in 60 min.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
[Note—On the basis of the synthetic route, perform either Procedure 1 or Procedure 2. If
methoxydibenzazepine is a potential degradation product, Procedure 1 is recommended. If
carbamazepinedione or dibenzazepinodione is a potential degradation product, Procedure 2 is
recommended.]
• Organic Impurities, Procedure 1
Buffer and Chromatographic system: Proceed as directed in the Assay.
Diluent: Methanol and water (60:40)
Mobile phase: Methanol, acetonitrile, and Buffer (29:21:75)
System suitability solution: 0.5 mg/mL of USP Oxcarbazepine RS and 1.0 µg/mL of USP
Carbamazepine RS in Mobile phase
Standard solution: 0.5 µg/mL of USP Oxcarbazepine RS in Mobile phase
Sample stock solution: Nominally equivalent to 1.2 mg/mL of oxcarbazepine from a portion
of finely powdered (NLT 20) Tablets, prepared as follows. Transfer a weighed quantity of
powdered Tablets, equivalent to 600 mg of oxcarbazepine, to a 500-mL volumetric flask.
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Add Diluent to fill 50% of final volume. Sonicate for 15 min with intermittent swirling, cool
to room temperature, and dilute with Diluent to volume. Pass this solution through a
suitable 2-µm glass filter, and discard the first portion of the filtrate.
Sample solution: 0.5 mg/mL of oxcarbazepine from the Sample stock solution in Mobile
phase
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 8.0 between oxcarbazepine and carbamazepine, System suitability
solution
Relative standard deviation: NMT 10.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of oxcarbazepine from the Standard solution
C=
S concentration of USP Oxcarbazepine RS in the Standard solution (mg/mL)
C=
U nominal concentration of oxcarbazepine in the Sample solution (mg/mL)
F= relative response factor for the corresponding impurity (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Name
Time
Oxcarbazepine
1.0
Carbamazepine
1.6
Dibenzazepinonea
2.0
b
Methoxydibenzazepine
2.3
Any unspecified individual degradation product
—
Total impurities
—
a 10(11H)-Oxo-5H-dibenz[b,f]azepine.
b 10-Methoxy-5H-dibenz[b,f]azepine-5-carboxamide.

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.0
—
1.5
0.5
1.0
0.05
1.3
0.05
1.0
0.10
—
0.75

• Organic Impurities, Procedure 2
Buffer A: 4.2 g of tris(hydroxymethyl)amino methane and 0.2 g of edetate disodium in 1 L
of water
Buffer B: 18 g of tris(hydroxymethyl)amino methane and 0.9 g of edetate disodium in 1 L of
water
Diluent: Acetonitrile and 1.8 g/L of ascorbic acid in water (1:99)
Solution A: Acetonitrile, tetrahyrofuran, and Buffer A (5:10:85)
Solution B: Acetonitrile, tetrahyrofuran, and Buffer B (70:10:20)
Mobile phase: See Table 2.
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Table 2
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
33.0
30
70
33.1
95
5
45.0
95
5
System suitability stock solution: 1 µg/mL of USP Oxcarbazepine Related Compound C RS
and 12 µg/mL of USP Carbamazepine RS in acetonitrile. Sonication may be used to aid in
dissolution. [Note—The water bath temperature should not exceed 23 .]
System suitability solution: 0.05 µg/mL of USP Oxcarbazepine Related Compound C RS,
0.6 µg/mL of USP Carbamazepine RS, and 0.06 mg/mL of USP Oxcarbazepine RS prepared
as follows. Transfer a suitable volume of System suitability stock solution to a volumetric
flask containing 50% of final volume of Diluent. Allow the solution to reach ambient
temperature, and dilute with acetonitrile to volume.
Standard stock solution: 12 µg/mL of USP Carbamazepine RS in acetonitrile. Sonication
may be used to aid in dissolution. [Note—The water bath temperature should not exceed
23 .]
Standard solution: 0.6 µg/mL of USP Carbamazepine RS from Standard stock solution
prepared as follows. Transfer a suitable volume of Standard stock solution to a flask
contaning 50% of final volume of Diluent and 20% of final volume of acetonitrile. Allow the
solution to reach ambient temperature, and dilute with acetonitrile to volume.
Sample stock solution: 1.5 mg/mL of oxcarbazepine from a portion of finely powdered
(NLT 20) Tablets prepared as follows. Transfer a weighed quantity of powdered Tablets,
equivalent to about 375 mg of oxcarbazepine, to a 250-mL volumetric flask. Add 150 mL of
acetonitrile, and sonicate for 15 min. Shake for 15 min, and dilute with acetonitrile to
volume. Mix, and allow the suspension to settle for 30 min. Use the supernatant. [Note
—The water bath temperature should not exceed 23 .]
Sample solution: 0.3 mg/mL of oxcarbazepine from the Sample stock solution prepared as
follows. Transfer a suitable volume of Sample stock solution to a volumetric flask
containing 50% of final volume of Diluent and 20% of final volume of acetonitrile. Allow the
solution to warm to ambient temperature, and dilute with acetonitrile to volume. Pass a
portion of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.0-mm × 25-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 20 µL
Temperatures
Sample: 5
Column: 35
System suitability
Samples: System suitability solution and Standard solution

PF 38(5): Sep.-Oct. 2012

943

Suitability requirements
Resolution: NLT 1.2 between oxcarbazepine related compound C and carbamazepine,
System suitability solution
Relative standard deviation: NMT 15%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual degradation product in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of carbamazepine from the Standard solution
C=
S concentration of USP Carbamazepine RS in the Standard solution (mg/mL)
C=
U nominal concentration of oxcarbazepine in the Sample solution (mg/mL)
F= relative response factor for the corresponding impurity (see Table 3)
Acceptance criteria: See Table 3.
Table 3
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Carbamazepinedionea
0.72
0.70
Oxcarbazepine
1.0
1.0
b
Oxcarbazepine related compound C
—
1.3
Carbamazepine
1.4
1.0
Dibenzazepinodionec
1.7
2.8
Any unspecified individual degradation
—
product
1.0
Total impurities
—
—
a 10,11-Dioxo-10,11-dihydro-5H-dibenzo[b,f]azepine-5-carboxamide.
b For system suitability and identification purposes only. Process impurity. Not
total.
c 5H-Dibenzo[b,f]azepine-10,11-dione.

0.2
—
—
0.5
0.2
0.1
1.0
included in

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used. If a test for Organic Impurities other than Procedure
1 is used, the labeling states the test with which the article complies.
• USP Reference Standards 11
USP Carbamazepine RS
USP Oxcarbazepine RS
USP Oxcarbazepine Related Compound C RS
Acridin-9(10H )-one.
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195.22
BRIEFING

Pioglitazone and Glimepiride Tablets. Because there is no existing USP monograph for this
dosage form, a new monograph, based on validated methods of analysis, is proposed. The
liquid chromatographic procedure in the Assay, suitable for the analysis of both components,
is based on analyses performed with the YMC PACK Pro brand of L1 column. The typical
retention times for the glimepiride and pioglitazone peaks are about 2.3 and 5.5 min,
respectively.
The test for Organic Impurities: Pioglitazone is based on analyses performed with the YMC
PACK ODS-A brand of L1 column. The typical retention time for pioglitazone is about 7 min.
The test for Organic Impurities: Glimepiride is based on analyses performed with the YMC
PACK Pro brand of L1 column. The typical retention time for glimepiride is about 25 min.
(SM3: E. Gonikberg.)
Correspondence Number—C107272

Comment deadline: November 30, 2012
Add the following:
Pioglitazone and Glimepiride Tablets
DEFINITION
Pioglitazone and Glimepiride Tablets contain an amount of pioglitazone hydrochloride
(C19 H20 N2 O3 S·HCl) equivalent to NLT 95.0% and NMT 105.0% of the labeled amount of
pioglitazone (C19 H20 N2 O3 S), and NLT 95.0% and NMT 105.0% of the labeled amount of
glimepiride (C24 H34 N4 O5 S).
IDENTIFICATION
• A. Ultraviolet Absorption
Sample: Transfer one Tablet to a suitable container, and add 0.1 N hydrochloric acid to
obtain a final concentration of about 0.1 mg/mL of glimepiride. Shake until the Tablet
disintegrates. Filter a 2-mL portion of the resulting suspension using a suitable filter of
0.45-µm pore size. Use the filtrate for the identification of pioglitazone, and use the filter
for the identification of glimepiride.
Pioglitazone
Sample solution: Dilute a portion of the filtrate obtained under the Sample with 0.1 N
hydrochloric acid to obtain a solution containing about 0.03 mg/mL of pioglitazone.
Acceptance criteria: The UV absorption spectrum exhibits a maximum between 267 and
271 nm.
Glimepiride
Sample solution: Wash the filter, as obtained under Sample, with 100 mL of 0.1 N
hydrochloric acid, and discard the filtrate. Wash the filter with 20 mL of methanol, and
use the filtrate.
Acceptance criteria: The UV absorption spectrum exhibits a maximum between 227 and
231 nm.
• B. The retention times of the pioglitazone and glimepiride peaks in the chromatogram of the
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Sample solution correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 6.9 g/L of monobasic sodium phosphate in water, adjusted with diluted phosphoric
acid to a pH of 4.0
Mobile phase: Acetonitrile and Buffer (1:1)
Diluent: Acetonitrile and 0.1 N hydrochloric acid (9:1)
Resolution stock solution: Dilute 1.0 mL of ethyl benzoate with Mobile phase to 100 mL.
Further dilute 1.0 mL of the resulting solution with Mobile phase to 100 mL.
Standard stock solution: 0.66 mg/mL of USP Pioglitazone Hydrochloride RS and 0.08
mg/mL of USP Glimepiride RS in Diluent
Standard solution: 66 µg/mL of pioglitazone hydrochloride and 8 µg/mL of glimepiride in
Mobile phase from the Standard stock solution
System suitability solution: Transfer 5.0 mL of the Standard stock solution and 5.0 mL of
the Resolution stock solution to a 50-mL volumetric flask, and dilute with Mobile phase to
volume.
Sample stock solution: Transfer 20 Tablets to a suitable container. Add 200.0 mL of
Diluent, and shake vigorously for at least 20 min. If disintegration is not complete,
sonicate until the Tablets are completely disintegrated, and then shake for an additional
10 min. Pass through a suitable filter of 0.2-µm pore size, discarding the first few mL of
filtrate. Further dilute 5.0 mL of the filtrate with Diluent to volume.
Sample solution: Transfer 10.0 mL of the Sample stock solution to a 50-mL volumetric
flask, and dilute with Mobile phase to volume to obtain a solution with the nominal
concentrations listed in Table 1.
Table 1
Nominal Concentrations in the Sample
solution
Labeled Amounts of Pioglitazone and
Glimepiride
Pioglitazone
Glimepiride
(mg/Tablet)
(µg/mL)
(µg/mL)
30 and 2
60
4
30 and 4
60
8
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 228 nm
Column: 4.6-mm × 5-cm; 3-µm packing L1
Column temperature: 25 ± 2.5
Flow rate: 0.8 mL/min. [Note—Adjust the flow rate so that the retention time of the
pioglitazone peak is about 2.3 min.]
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the approximate relative retention times.]
Table 2
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Relative
Retention
Name
Time
Pioglitazone
1.0
Ethyl benzoate
1.7
Glimepiride
2.3
Suitability requirements
Resolution: NLT 4 between pioglitazone and ethyl benzoate; NLT 3 between ethyl
benzoate and glimepiride, System suitability solution
Relative standard deviation: NMT 1.0% for the pioglitazone peak; NMT 1.0% for the
glimepiride peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pioglitazone (C19 H20 N2 O3 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of pioglitazone from the Sample solution
rS= peak response of pioglitazone from the Standard solution
CS= concentration of USP Pioglitazone Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of pioglitazone in the Sample solution (µg/mL)
Mr1
= molecular weight of pioglitazone, 356.44
Mr2
= molecular weight of pioglitazone hydrochloride, 392.90
Calculate the percentage of the labeled amount of glimepiride (C24 H34 N4 O5 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of glimepiride from the Sample solution
rS= peak response of glimepiride from the Standard solution
C=
S concentration of USP Glimepiride RS in the Standard solution (µg/mL)
C=
U nominal concentration of glimepiride in the Sample solution (µg/mL)
Acceptance criteria: 95.0%–105.0% for each of the labeled amounts of pioglitazone and
glimepiride
PERFORMANCE TESTS
• Dissolution 711
Pioglitazone
Medium: Hydrochloric Acid Buffer, pH 2.0 (see Reagents, Indicators, and
Solutions—Buffer Solutions); 900 mL
Apparatus 2: 75 rpm
Time: 15 min
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: 0.37 mg/mL of USP Pioglitazone Hydrochloride RS dissolved
first in methanol using 20% of the final volume, and then diluted with Medium to volume
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Standard solution: Transfer 10.0 mL of the Standard stock solution to a 100-mL
volumetric flask, and dilute with Medium to volume.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pioglitazone (C19 H20 N2 O3 S)
dissolved:
Result = (rU/rS) × (CS/L) × V × (Mr1/Mr2) × 100
rU= peak response of pioglitazone from the Sample solution
rS= peak response of pioglitazone from the Standard solution
CS= concentration of USP Pioglitazone Hydrochloride RS in the Standard solution (mg/mL)
L = labeled amount of pioglitazone (mg/Tablet)
V = volume of Medium, 900 mL
Mr1
= molecular weight of pioglitazone, 356.44
Mr2
= molecular weight of pioglitazone hydrochloride, 392.90
Tolerances: NLT 80% (Q) of the labeled amount of pioglitazone (C19 H20 N2 O3 S) is
dissolved.
Glimepiride
Medium: pH 6.8 sodium phosphate buffer containing 0.2% of sodium dodecyl sulfate (6.9
g/L of monobasic sodium phosphate, 0.896 g/L of sodium hydroxide, and 2 g/L of sodium
dodecyl sulfate in water, adjusted with 1 N sodium hydroxide to a pH of 6.8); 900 mL
Apparatus 2: 75 rpm
Time: 15 min
Mobile phase and Chromatographic system: Proceed as directed in the Assay. Adjust
the flow rate so that the retention time of the glimepiride peak is about 5.4 min.
Standard stock solution: 0.22 mg/mL of USP Glimepiride RS in acetonitrile
Standard solution: L/900 mg/mL of USP Glimepiride RS in Medium, where L is the labeled
amount of glimepiride, in mg/Tablet, from the Standard stock solution.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of glimepiride (C24 H34 N4 O5 S)
dissolved:
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Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of glimepiride from the Sample solution
rS= peak response of glimepiride from the Standard solution
C=
S concentration of USP Glimepiride RS in the Standard solution (mg/mL)
L= labeled amount of glimepiride (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of glimepiride (C24 H34 N4 O5 S) is
dissolved.
• Uniformity of Dosage Units
pioglitazone and glimepiride

905 : Meet the requirements for Content Uniformity for

IMPURITIES
• Organic Impurities: Pioglitazone
Mobile phase: Acetonitrile, 0.1 M ammonium acetate, and glacial acetic acid (25:25:1)
Diluent: Acetonitrile and 0.1 N hydrochloric acid (9:1)
Resolution stock solution: Dilute 1.0 mL of ethyl benzoate to 100.0 mL with acetonitrile.
Further dilute 1.0 mL of the resulting solution with acetonitrile to 100.0 mL.
Standard stock solution: 0.2 mg/mL of USP Pioglitazone Hydrochloride RS in Diluent
System suitability solution: Transfer 2.0 mL of the Resolution stock solution into a 100mL volumetric flask, add 1.0 mL of the Standard stock solution, and dilute with Mobile
phase to volume.
Standard solution: 2 µg/mL of USP Pioglitazone Hydrochloride RS in Mobile phase from the
Standard stock solution
Sample stock solution: Transfer 10 Tablets to an appropriate volumetric flask such that
the nominal glimepiride concentration is 0.4 mg/mL. Add Diluent to approximately 80% of
the total volume. Shake vigorously for at least 20 min, and dilute with Diluent to volume.
Pass through a suitable filter of 0.2-µm pore size, discarding the first few mL of filtrate.
Sample solution: Transfer a suitable volume of the Sample stock solution to a 25-mL
volumetric flask, and dilute with Mobile phase to volume to obtain a solution containing
240 µg/mL of pioglitazone.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 269 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25 ± 2.5
Flow rate: 0.8 mL/min. [Note—Adjust the flow rate so that the retention time of the
pioglitazone peak is about 7 min.]
Injection volume: 40 µL
Run time: At least 4 times the retention time of the pioglitazone peak
System suitability
Samples: System suitability solution and Standard solution
[Note—Elution order is the pioglitazone peak followed by ethyl benzoate.]
Suitability requirements
Resolution: NLT 10 between pioglitazone and ethyl benzoate, System suitability
solution
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Tailing factor: NMT 1.5 for the pioglitazone peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each pioglitazone related impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of pioglitazone from the Standard solution
CS= concentration of USP Pioglitazone Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of pioglitazone in the Sample solution (µg/mL)
Mr1
= molecular weight of pioglitazone, 356.44
Mr2
= molecular weight of pioglitazone hydrochloride, 392.90
Acceptance criteria
Any individual pioglitazone related impurity: NMT 0.2%
Total pioglitazone related impurities: NMT 0.6%
[Note—Disregard the peak due to glimepiride which elutes at about 16.5 min.]
• Organic Impurities: Glimepiride
Buffer: 0.007 M sodium phosphate buffer, pH 1.6 (0.97 g/L of monobasic sodium phosphate
in water, adjusted with dilute phosphoric acid to a pH of 1.6)
Diluent: Acetonitrile and 0.1 N hydrochloric acid (9:1)
Solution A: Acetonitrile and Buffer (52:48)
Solution B: Acetonitrile and Buffer (70:30)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
15
100
0
60
0
100
60.1
100
0
70
100
0
Resolution stock solution: Dilute 1.0 mL of ethyl benzoate with acetonitrile to 100.0 mL .
Further dilute 1.0 mL of the resulting solution with acetonitrile to 100.0 mL.
Standard stock solution: 0.2 mg/mL of USP Glimepiride RS in Diluent
System suitability solution: Transfer 2 mL of the Resolution stock solution into a 100-mL
volumetric flask, add 1.0 mL of the Standard stock solution, and dilute with Solution A to
volume.
Standard solution: 2 µg/mL of USP Glimepiride RS in Solution A from the Standard stock
solution
Sample stock solution: Transfer 10 Tablets to an appropriate volumetric flask such that
the nominal glimepiride concentration is 0.4 mg/mL. Add Diluent to approximately 80% of
the total volume. Shake vigorously for at least 20 min, and dilute with Diluent to volume.
Pass through a suitable filter of 0.2-µm pore size, discarding the first few mL of filtrate.
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Sample solution: Equivalent to 0.2 mg/mL glimepiride in Solution A from the Sample stock
solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 228 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 25 ± 2.5
Flow rate: 1.0 mL/min. [Note—Adjust the flow rate so that the retention time of the
glimepiride peak is about 25 min.]
Injection volume: 40 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—Elution order is ethyl benzoate followed by glimepiride.]
Suitability requirements
Resolution: NLT 10 between ethyl benzoate and glimepiride, System suitability solution
Tailing factor: NMT 1.5 for glimepiride, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each glimepiride related impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of glimepiride from the Standard solution
C=
S concentration of USP Glimepiride RS in the Standard solution (mg/mL)
C=
U nominal concentration of glimepiride in the Sample solution (mg/mL)
F= relative response factor for each impurity (see Table 4)
Acceptance criteria: See Table 4
[Note—Disregard the peaks due to inactive ingredients and to pioglitazone that elute before
the glimepiride sulfonamide peak.]
Table 4
Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

Name
Glimepiride sulfonamide (Glimepiride related
compound B)a
0.2
1.39
1.3
Glimepiride
1.0
1.0
—
Any other glimepiride related individual impurity
—
1.0
0.2
Total glimepiride related impurities
—
—
1.5
a [p-[2-(3-Ethyl-4-methyl-2-oxo-3-pyrroline-1-carboxamido)ethyl]phenyl] sulfonamide.
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Glimepiride RS
USP Pioglitazone Hydrochloride RS
2S (USP36)

BRIEFING
Pioglitazone and Metformin Hydrochloride Tablets. Because there is no existing USP
monograph for this dosage form, a new monograph, based on validated methods of analysis,
is proposed. The liquid chromatographic procedure in the Assay, suitable for the analysis of
both components, is based on analyses performed with the YMC PACK Pro brand of L7
column. The typical retention times for the metformin and pioglitazone peaks are about 5
and 9 min, respectively.
The test for Organic Impurities: Pioglitazone is based on analyses performed with the YMC
PACK ODS-A brand of L1 column. The typical retention time for pioglitazone is about 7 min.
The test for Organic Impurities: Metformin is based on analyses performed with the Nomura
Develosil C30-UG-5 brand of L62 column. The typical retention time for metformin is about 8
min.
(SM3: E. Gonikberg.)
Correspondence Number—C100602

Comment deadline: November 30, 2012
Add the following:
Pioglitazone and Metformin Hydrochloride Tablets
DEFINITION
Pioglitazone and Metformin Hydrochloride Tablets contain an amount of pioglitazone
hydrochloride (C19 H20 N2 O3 S·HCl) equivalent to NLT 95.0% and NMT 105.0% of the labeled
amount of pioglitazone (C19 H20 N2 O3 S), and NLT 95.0% and NMT 105.0% of the labeled amount
of metformin hydrochloride (C4 H11 N5 ·HCl).
IDENTIFICATION
• A. Ultraviolet Absorption 197U
Pioglitazone
Sample solution: Transfer a quantity of finely powdered Tablets to a suitable container,
and add water to obtain a final concentration of about 0.03 mg/mL of pioglitazone.
Sonicate for about 30 s. Pass through a 5-mL portion of the resulting suspension using a
suitable filter of 0.45-µm pore size, then wash the filter with 10 mL of water, and
discard the filtrate. Wash the filter with 5 mL of 0.1 N hydrochloric acid, and use the
filtrate.
Acceptance criteria: The UV absorption spectrum exhibits a maximum between 267 and
271 nm.
Metformin Hydrochloride
Sample solution: Transfer a quantity of finely powdered Tablets to a suitable container,
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and add a suitable quantity of water, based on the labeled amount of metformin
hydrochloride in the sample, to obtain a final concentration of about 0.4 mg/mL of
metformin hydrochloride. Sonicate for about 30 s, and pass through a suitable filter of
0.45-µm pore size, discarding the first few mL of filtrate. Dilute a portion of the filtrate
with water to obtain a solution containing about 8 µg/mL of metformin hydrochloride.
Acceptance criteria: The UV absorption spectrum exhibits a maximum between 230 and
234 nm.
• B. The retention times of the pioglitazone and metformin peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: 7.2 g/L of sodium dodecyl sulfate in a mixture of 0.05 M monobasic
ammonium phosphate and acetonitrile (1:1)
Diluent: Methanol and 0.1 N hydrochloric acid (1:1)
Resolution stock solution: 0.5 mg/mL of p-methoxyacetophenone and 0.4 mg/mL of
butylparaben in Diluent
Pioglitazone standard stock solution: 0.84 mg/mL of USP Pioglitazone Hydrochloride RS
in Diluent
Mixed standard stock solution: 2.5 mg/mL of USP Metformin Hydrochloride RS and 0.084
mg/mL of USP Pioglitazone Hydrochloride RS in 0.1 N hydrochloric acid from the
Pioglitazone standard stock solution
Standard solution: 16.8 µg/mL of pioglitazone hydrochloride and 0.5 mg/mL of metformin
hydrochloride in 0.1 N hydrochloric acid from the Mixed standard stock solution
System suitability solution: Transfer 10.0 mL of the Mixed standard stock solution and
5.0 mL of the Resolution stock solution to a 50-mL volumetric flask, and dilute with 0.1 N
hydrochloric acid to volume.
Sample stock solution: Weigh and powder finely NLT 10 Tablets. Transfer an amount of
powdered Tablets, equivalent to about 15 mg of pioglitazone, to a 200-mL volumetric
flask. Add 120 mL of 0.1 N hydrochloric acid, shake for about 30 min, and then sonicate
for about 5 min. Dilute with 0.1 N hydrochloric acid to volume, and mix well. Pass through
a suitable filter of 0.45-µm pore size, discarding the first few mL of filtrate.
Sample solution: Transfer a suitable volume of the Sample stock solution (see Table 1) to
a 50-mL volumetric flask, and dilute with 0.1 N hydrochloric acid to volume.
Table 1
Labeled Amounts of
Pioglitazone and
Metformin
Hydrochloride
(mg/Tablet)
15 and 500
15 and 850
Chromatographic system

Volume of Sample
stock solution
Used to Prepare the
Sample solution
(mL)
10
5

Nominal Concentrations
in the Sample solution
Pioglitazone
(µg/mL)
15
7.5

Metformin
Hydrochloride
(mg/mL)
0.5
0.425

(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 255 nm for metformin and p-methoxyacetophenone; UV 225 nm for
pioglitazone and butylparaben
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Column: 6.0-mm × 15-cm; 5-µm packing L7
Column temperature: 25 ± 2.5
Flow rate: 1 mL/min
[Note—Adjust the flow rate so that the retention time of the metformin peak is about 5
min.]
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 2 for the approximate relative retention times.]
Table 2
Relative
Retention
Name
Time
Metformin
1.0
p-Methoxyacetophenone
1.2
Pioglitazone
1.8
Butylparaben
2.1
Suitability requirements
Resolution: NLT 2.5 between metformin and p-methoxyacetophenone; NLT 2.5
between pioglitazone and butylparaben, System suitability solution
Relative standard deviation: NMT 1.0% for the metformin peak; NMT 1.0% for
pioglitazone peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pioglitazone (C19 H20 N2 O3 S) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of pioglitazone from the Sample solution
rS= peak response of pioglitazone from the Standard solution
CS= concentration of USP Pioglitazone Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of pioglitazone in the Sample solution (µg/mL)
Mr1
= molecular weight of pioglitazone, 356.44
Mr2
= molecular weight of pioglitazone hydrochloride, 392.90
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of metformin from the Sample solution
rS= peak response of metformin from the Standard solution
C=
S concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of metformin hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–105.0% for each of the labeled amounts of pioglitazone and
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metformin hydrochloride
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 M citric acid, adjusted with 0.2 M dibasic sodium phosphate to a pH of 2.5 ;
900 mL
Apparatus 2: 50 rpm
Time: 30 min
Diluent and Mobile phase: Proceed as directed in the Assay.
Pioglitazone standard stock solution: 0.37 mg/mL of USP Pioglitazone Hydrochloride RS
in Diluent
Standard solution: 0.0185 mg/mL of USP Pioglitazone Hydrochloride RS from the
Pioglitazone standard stock solution and L/900 mg/mL of USP Metformin Hydrochloride RS
in Medium, where L is the label claim, in mg/Tablet, of metformin hydrochloride.
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Chromatographic system: Proceed as directed in the Assay, except use an Injection
volume of 5 µL.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.5 for the metformin peak and NMT 2.0 for the pioglitazone peak
Relative standard deviation: NMT 2.0% for the metformin peak and NMT 2.0% for the
pioglitazone peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of pioglitazone (C19 H20 N2 O3 S) dissolved:
Result = (rU/rS) × (CS/L) × V × (Mr1/Mr2) × 100
rU= peak response of pioglitazone from the Sample solution
rS= peak response of pioglitazone from the Standard solution
CS= concentration of USP Pioglitazone Hydrochloride RS in the Standard solution (mg/mL)
L = label claim of pioglitazone (mg/Tablet)
V = volume of Medium, 900 mL
Mr1
= molecular weight of pioglitazone, 356.44
Mr2
= molecular weight of pioglitazone hydrochloride, 392.90
Calculate the percentage of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of metformin hydrochloride from the Sample solution
rS= peak response of metformin hydrochloride from the Standard solution
C=
S concentration of USP Metformin Hydrochloride RS in the Standard solution (mg/mL)
L= label claim of metformin hydrochloride (mg/Tablet)
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V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of pioglitazone (C19 H20 N2 O3 S) is
dissolved; NLT 80% (Q) of the labeled amount of metformin hydrochloride (C4 H11 N5 ·HCl)
is dissolved
• Uniformity of Dosage Units 905 : Meet the requirements for Content Uniformity for
pioglitazone and metformin hydrochloride
IMPURITIES
• Organic Impurities: Pioglitazone
Mobile phase: Acetonitrile, 0.1 M ammonium acetate, and glacial acetic acid (25:25:1)
Diluent: Methanol and 0.1 N hydrochloric acid (1:1)
Standard stock solution: 0.2 mg/mL of USP Pioglitazone Hydrochloride RS, dissolved first
in methanol using 20% of the final volume, and then diluted with Mobile phase to volume
System suitability solution: Prepare a solution containing 0.3 mg/mL of benzophenone in
methanol. Transfer 1.0 mL of this solution into a 50-mL volumetric flask, add 5.0 mL of the
Standard stock solution, and dilute with Mobile phase to volume. This solution contains 20
µg/mL of USP Pioglitazone Hydrochloride RS and 6 µg/mL of benzophenone.
Standard solution: 1 µg/mL of USP Pioglitazone Hydrochloride RS in Mobile phase from the
Standard stock solution
Sample solution: Weigh and powder finely 10 Tablets. Transfer an amount of powdered
Tablets, equivalent to about 18 mg of pioglitazone, to a 100-mL volumetric flask, and add
50 mL of Diluent. Shake for 30 min, and dilute with Mobile phase to volume. Pass through
a suitable filter of 0.45-µm pore size, discarding the first few mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 269 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 25 ± 2.5
Flow rate: 0.8 mL/min. [Note—Adjust the flow rate so that the retention time of the
pioglitazone peak is about 7 min.]
Injection volume: 40 µL
Run time: At least 4 times the retention time of the pioglitazone peak
System suitability
Samples: System suitability solution and Standard solution
[Note—Elution order is the pioglitazone peak followed by benzophenone.]
Suitability requirements
Resolution: NLT 10 between pioglitazone and benzophenone, System suitability
solution
Tailing factor: NMT 1.5 for the pioglitazone peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each pioglitazone related impurity in the portion of Tablets
taken:
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Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response for each individual impurity from the Sample solution
rS= peak response for pioglitazone from the Standard solution
CS= concentration of USP Pioglitazone Hydrochloride RS in the Standard solution (µg/mL)
CU= nominal concentration of pioglitazone in the Sample solution (µg/mL)
Mr1
= molecular weight of pioglitazone, 356.44
Mr2
= molecular weight of pioglitazone hydrochloride, 392.90
Acceptance criteria
Any individual pioglitazone related impurity: NMT 0.2%
Total pioglitazone related impurities: NMT 0.6%
[Note—Disregard the peaks due to metformin and its impurities which elute before 4.5
min.]
• Organic Impurities: Metformin
Solution A: 1.74 g of sodium 1-pentanesulfonate and 1.15 g of monobasic ammonium
phosphate in 1000 mL of water
Solution B: Acetonitrile and water (7:3)
Mobile phase: See Table 3
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
15
70
30
15.1
0
100
25
0
100
25.1
100
0
35
100
0
System suitability solution: 5 µg/mL of USP Metformin Hydrochloride RS and 2 µg/mL
each of USP Related Compound B, USP Metformin Related Compound C, and melamine in
water
Standard solution: 5 µg/mL of USP Metformin Hydrochloride RS in water
Sample solution: Weigh accurately 10 Tablets, and powder finely. Transfer an amount of
powdered Tablets equivalent to about 100 mg of metformin hydrochloride to a 100-mL
volumetric flask, and add 50 mL of water. Shake for 30 min. Dilute with water to volume,
and pass through a suitable filter of 0.45-µm pore size, discarding the first few mL of
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L62
Column temperature: 25 ± 2.5
Flow rate: 1.0 mL/min
[Note—Adjust the flow rate so that the retention time of the metformin peak is about 8
min.]
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Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 4 between melamine and metformin hydrochloride, System suitability
solution
Tailing factor: NMT 1.5 for the metformin hydrochloride peak, System suitability
solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each metformin hydrochloride related impurity in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of metformin hydrochloride from the Standard solution
C=
S concentration of USP Metformin Hydrochloride RS in the Standard solution (µg/mL)
C=
U nominal concentration of metformin hydrochloride in the Sample solution (µg/mL)
F= relative response factor for each impurity (see Table 4)
Acceptance criteria: See Table 4.

Name

Table 4
Relative
Retention
Time

1-Methylbiguanidinea
Melamine
Metformin
(4,6-Diamino-[1,3,5]-triazine-2-yl)guanidine
N,N-Dimethyl-[1,3,5]-triazine-2,4,6-triamineb
Any other metformin related individual impurity
Total metformin related impurities
a Metformin related compound B.
b Metformin related compound C.

0.8
0.9
1.0
1.3
1.5
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.77
3.5
—
3.5
3.1
1.0
—

0.1
0.1
—
0.1
0.1
0.1
0.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Metformin Hydrochloride RS
USP Metformin Related Compound B RS
1-Methylbiguanide.
C3 H9 N5
115.14
USP Metformin Related Compound C RS
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Dimethylmelamine, or N,N-dimethyl-[1,3,5]triazine-2,4,6-triamine.
C5 H10 N6
154.17
USP Pioglitazone Hydrochloride RS
2S (USP36)

BRIEFING
Polymyxin B Sulfate, USP 35 page 4348. As part of the USP monograph modernization effort,
the following revisions are proposed:
1.
A stability-indicating Organic Impurities procedure is added to the monograph. The
revision is based on the procedure found in the European Pharmacopoeia 7.5
monograph for Polymyxin B Sulfate.
2.
A test for Composition of Polymyxins, which uses a chromatographic system similar to
the Organic Impurities test, is added to the monograph. The Procedure and
Acceptance criteria, which are based on the European Pharmacopoeia 7.5
monograph for Polymyxin B Sulfate, add value to the monograph.
3.
The HPLC test for Identification A is revised to specify HPLC retention time agreement
based on the chromatographic system used in the test for Composition of
Polymyxins.
4.
The structures of several polymyxins and other chemical information are added based on
the information in the European Pharmacopoeia 7.5 monograph for Polymyxin B
Sulfate.
5.
The monograph is updated to current USP style.
6.
The Residue on Ignition, Pyrogen Test, and the Sterility Tests are expanded from the
original brief references to the monograph for Polymyxin B Sulfate for Injection to
provide details of the acceptance criteria.
7.
The nonspecific UV procedure in the test for Content of Phenylalanine is deleted
because the remaining and added tests are adequate to evaluate impurities and
components of the substance.
The liquid chromatographic procedure for Composition of Polymyxins and Organic Impurities is
based on analyses performed with the Waters Symmetry brand of L1 column. The typical
retention time for Polymyxin B1 is about 35 min.
(SM1: A. Martin-Esker, A. Wise.)
Correspondence Number—C112703; C107335

Comment deadline: November 30, 2012
Polymyxin B Sulfate
Change to read:

C56 H98 N16 O13

1203.48
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Polymyxin B1:
N-[(S)-4-amino-1-{[(2S,3R)-1-{[(S)-4-amino-1-oxo-1-({(3S,6S,9S,12S,15S,18S,21S)-6,9,18tris(2-aminoethyl)-15-benzyl-3-[(R)-1-hydroxyethyl]-12-isobutyl-2,5,8,11,14,17,20-heptaoxo1,4,7,10,13,16,19-heptaazacyclotricosan-21-yl}amino)butan-2-yl]amino}-3-hydroxy-1oxobutan-2-yl]amino}-1-oxobutan-2-yl]-6-methyloctanamide[4135-11-9].
C55 H96 N16 O13
1189.45
Polymyxin B2:
N-[(S)-4-amino-1-{[(2S,3R)-1-{[(S)-4-amino-1-oxo-1-({(3S,6S,9S,12S,15S,18S,21S)-6,9,18tris(2-aminoethyl)-15-benzyl-3-[(R)-1-hydroxyethyl]-12-isobutyl-2,5,8,11,14,17,20-heptaoxo1,4,7,10,13,16,19-heptaazacyclotricosan-21-yl}amino)butan-2-yl]amino}-3-hydroxy-1oxobutan-2-yl]amino}-1-oxobutan-2-yl]-6-methylheptanamide [34503-87-2].
C55 H96 N16 O13
1189.45
Polymyxin B3:
N-[(S)-4-amino-1-{[(2S,3R)-1-{[(S)-4-amino-1-oxo-1-({(3S,6S,9S,12S,15S,18S,21S)-6,9,18tris(2-aminoethyl)-15-benzyl-3-[(R)-1-hydroxyethyl]-12-isobutyl-2,5,8,11,14,17,20-heptaoxo1,4,7,10,13,16,19-heptaazacyclotricosan-21-yl}amino)butan-2-yl]amino}-3-hydroxy-1oxobutan-2-yl]amino}-1-oxobutan-2-yl]octanamide[71140-58-4]. C56 H98 N16 O13
1203.48
Polymyxin B1-I:
N-[(S)-4-amino-1-{[(2S,3R)-1-{[(S)-4-amino-1-oxo-1-({(3S,6S,9S,12S,15S,18S,21S)-6,9,18tris(2-aminoethyl)-15-benzyl-3-[(R)-1-hydroxyethyl]-12-[(S)-sec-butyl] -2,5,8,11,14,17,20heptaoxo-1,4,7,10,13,16,19-heptaazacyclotricosan-21-yl}amino)butan-2-yl]amino}-3-hydroxy1-oxobutan-2-yl]amino}-1-oxobutan-2-yl]-6-methyloctanamide 2S (USP36)
Polymyxin B, sulfate
Polymyxin B sulfate
[1405-20-5].
Polymyxin B
[1404-26-8].
DEFINITION
Polymyxin B Sulfate is the sulfate salt of a kind of polymyxin, a substance produced by the
growth of Bacillus polymyxa (Prazmowski) Migula (Fam. Bacillaceae), or a mixture of two or
more such salts. It has a potency of NLT 6000 Polymyxin B Units/mg, calculated on the dried
basis.
IDENTIFICATION
Change to read:
• A. Liquid Chromatographic Identification Test
Mobile phase: Acetonitrile and 0.1 M tribasic sodium phosphate (23:77). Adjust with
phosphoric acid to a pH of 3.0.
Standard solution: 3.5 mg/mL of USP Polymyxin B Sulfate RS in Mobile phase. Protect the
Standard solution from light.
Sample solution: 3.5 mg/mL of Polymyxin B Sulfate in Mobile phase. Protect the Sample
solution from light.
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Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 212 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The chromatogram obtained from the Sample solution corresponds
qualitatively to that obtained from the Standard solution, exhibiting a major peak
corresponding to polymyxin B1 and peaks at relative retention times of about 0.5
(polymyxin B2) and about 0.6 (polymyxin B3).
The retention times of the major peaks from the Sample solution correspond to those of the
Standard solution, as obtained in the test for Composition of Polymyxins. 2S (USP36)
• B.
Solution A: 10 mg/mL of cupric sulfate
Sample solution: Dissolve 2 mg in 5 mL of water.
Analysis: To the Sample solution add 5 mL of 2.5 N sodium hydroxide, and mix. Add 5
drops of Solution A, shaking after the addition of each drop.
Acceptance criteria: A reddish-violet color is produced.
• C. Identification Tests—General, Sulfate
Sulfate meets the requirements.

191 : A 50-mg/mL solution of Polymyxin B

ASSAY
• Procedure
Analysis: Proceed with Polymyxin B Sulfate as directed for Antibiotics—Microbial Assays
81 .
Acceptance criteria: NLT 6000 Polymyxin B Units/mg on the dried basis
IMPURITIES
• Residue on Ignition 281
Analysis: Proceed as directed in the chapter, moistening the charred residue with 2 mL of
nitric acid and 5 drops of sulfuric acid.
Acceptance criteria: NMT 5.0% where used for prescription compounding
Add the following:
• Organic Impurities
Buffer, Mobile phase, Diluent, Sensitivity solution, System suitability solution,
Sample solution, and Chromatographic system: Proceed as directed in the test for
Composition of Polymyxins.
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Resolution: NLT 3.0 between Polymyxin B2 and Polymyxin B3 in the Standard solution
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Relative standard deviation: NMT 10.0% from the Polymyxin B1 peak in the Sensitivity
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution, Sample solution, and Sensitivity solution
Calculate the percentage of each impurity in the portion of Polymyxin B Sulfate taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses all peaks from the Sample solution
Acceptance criteria: Disregard any peak less than 0.7 times the peak area response of
the polymyxin B1 peak from the Sensitivity solution.
Any individual impurity: NMT 3.0%
Total impurities: NMT 17.0%
2S (USP36)

SPECIFIC TESTS
• pH 791
Sample solution: 5 mg/mL
Acceptance criteria: 5.0–7.5
• Loss on Drying 731
Analysis: Dry 100 mg in a capillary-stoppered bottle in a vacuum at 60 for 3 h.
Acceptance criteria: NMT 7.0%
Delete the following:
• Other Requirements: If for prescription compounding, it meets the requirements for
Residue on Ignition

281

under Polymyxin B for Injection. Where the label states that

Polymyxin B Sulfate is sterile, it meets the requirements for Sterility Tests 71 and,
where intended for injectable dosage forms, for Pyrogen under Polymyxin B for Injection.
Where the label states that Polymyxin B Sulfate must be subjected to further processing
during the preparation of injectable dosage forms, it meets the requirements for Pyrogen
under Polymyxin B for Injection. 2S (USP36)
Add the following:
• Sterility Tests 71 : Meets the requirements where the label states that Polymyxin B
Sulfate is sterile. 2S (USP36)
Add the following:
• Pyrogen Test 151
Sample solution: Nominally 20 × 103 Polymyxin B Units/mL in pyrogen-free saline TS
Analysis: Proceed as directed in the chapter using a test dose of 1.0 mL/kg
Acceptance criteria: Meets the requirements where intended for injectable dosage forms
or where the label states that Polymyxin B Sulfate must be subjected to further
processing during the preparation of injectable dosage forms 2S (USP36)
Add the following:
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• Composition of Polymyxins
Buffer: 4.5 g/L of sodium sulfate anhydrous. The pH is adjusted to 2.3 with dilute
phosphoric acid (10% w/w) prior to final dilution.
Mobile phase: Acetonitrile and Buffer (20:80)
Diluent: Acetonitrile and Water (20:80)
Standard solution: 0.5 mg/mL of USP Polymyxin B Sulfate RS in Diluent
Sensitivity solution: 5 µg/mL of USP Polymyxin B Sulfate RS in Diluent
Sample solution: 0.5 mg/mL of Polymyxin B Sulfate in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 1.4 times the retention time of polymyxin B1
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3.0 between polymyxin B2 and polymyxin B3
Relative standard deviation: NMT 2.0% for the polymyxin B1 peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of polymyxin B1 in the portion of Polymyxin B Sulfate taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of polymyxin B1 from the Sample solution
rS= peak response of polymyxin B1 from the Standard solution
C=
S concentration of USP Polymyxin B Sulfate RS in the Standard solution (mg/mL)
C=
U concentration of Polymyxin B Sulfate in the Sample solution corrected for Loss on
Drying (mg/mL)
P= potency of polymyxin B1 in USP Polymyxin B Sulfate RS (mg/mg)
Calculate the percentage of polymyxin B2 in the portion of Polymyxin B Sulfate taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of polymyxin B2 from the Sample solution
rS= peak response of polymyxin B2 from the Standard solution
C=
S concentration of USP Polymyxin B Sulfate RS in the Standard solution (mg/mL)
C=
U concentration of Polymyxin B Sulfate in the Sample solution corrected for Loss on
Drying (mg/mL)
P= potency of polymyxin B2 in USP Polymyxin B Sulfate RS (mg/mg)
Calculate the percentage of polymyxin B3 in the portion of Polymyxin B Sulfate taken:
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Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of polymyxin B3 from the Sample solution
rS= peak response of polymyxin B3 from the Standard solution
C=
S concentration of USP Polymyxin B Sulfate RS in the Standard solution (mg/mL)
C=
U concentration of Polymyxin B Sulfate in the Sample solution corrected for Loss on
Drying (mg/mL)
P= potency of polymyxin B3 in USP Polymyxin B Sulfate RS (mg/mg)
Calculate the percentage of polymyxin B1-I in the portion of Polymyxin B Sulfate taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of polymyxin B1-I from the Sample solution
rS= peak response of polymyxin B1-I from the Standard solution
C=
S concentration of USP Polymyxin B Sulfate RS in the Standard solution (mg/mL)
C=
U concentration of Polymyxin B Sulfate in the Sample solution corrected for Loss on
Drying (mg/mL)
P= potency of polymyxin B1-I in USP Polymyxin B Sulfate RS (mg/mg)
Acceptance criteria See Table 1. Report the components on the dried basis.
Table 1
Relative
Retention
Time

Name

Acceptance
Criteria
(%)
—
NMT 6.0
NMT 15.0
—
NLT 80.0

Polymyxin B2a
0.5
Polymyxin B3
0.6
Polymyxin B1-I
0.8
a
Polymyxin B1
1.0
Sum of polymyxins B1, B2, B3, and B1-I
—
a These components are not reported individually. They are only reported in the sum of
polymyxins.
2S (USP36)

Delete the following:
• Content of Phenylalanine
Sample solution: 3.75 mg/mL of Polymyxin B Sulfate in 0.1 N hydrochloric acid
Instrumental conditions
Mode: UV
Analytical wavelength(s): 280 and 300 nm and the maxima at about 252, 258, and 264
nm
Blank: 0.1 N hydrochloric acid
Analysis:
Sample: Sample solution
Calculate the percentage of phenylalanine in the portion of Polymyxin B Sulfate taken:
Result= (9.4787/W) × [A258

(0.5 × A252) + (0.5 × A264)

W = weight of Polymyxin B Sulfate taken (g)

(1.84 × A280) + (0.8 × A300)]
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A258
= absorbance of the Sample solution at 258 nm
A252
= absorbance of the Sample solution at 252 nm
A264
= absorbance of the Sample solution at 264 nm
A280
= absorbance of the Sample solution at 280 nm
A300
= absorbance of the Sample solution at 300 nm
Acceptance criteria: 9%–12% on the dried basis 2S (USP36)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: Where packaged for prescription compounding, the label states the number of
Polymyxin B Units in the container and per mg, that it is not intended for manufacturing
use, that it is not sterile, and that its potency cannot be assured for longer than 60 days
after opening. Where it is intended for use in preparing injectable or other sterile dosage
forms, the label states that it is sterile or must be subjected to further processing during
the preparation of injectable or other sterile dosage forms.
• USP Reference Standards 11
USP Polymyxin B Sulfate RS
BRIEFING
Pseudoephedrine Sulfate, USP 35 page 4481. As part of the USP monograph modernization
initiative, and based on comments received, it is proposed to make the following changes:
1.
Revise the upper limit of the Definition from 100.5% to 102.0% to be consistent with
the customary range afforded to HPLC assays of bulk active ingredients.
2.
Replace the nonselective titration Assay with a stability-indicating HPLC-based method.
The proposed liquid chromatographic procedure is based on analysis performed with
the Supelcosil LC-ABZ brand of L60 column. The typical retention time for
pseudoephedrine is about 14 min.
3.
Replace Identification test B that is based on spectroscopic absorption with an
orthogonal test based on HPLC retention time in the Assay.
4.
Replace the test for Ordinary Impurities with a stability-indicating HPLC procedure. The
proposed liquid chromatographic procedure is based on analysis performed with the
Supelcosil LC-ABZ brand of L60 column. The typical retention time for
pseudoephedrine is about 14 min.
5.
Delete the test for Melting Range or Temperature because the proposed test for
Organic Impurities and other tests adequately establish the identity, purity, and
quality of the drug substance.
6.
Add the chemical structure of Pseudoephedrine Sulfate to the monograph.
(SM2: C. Anthony.)
Correspondence Number—C107113

Comment deadline: November 30, 2012
Pseudoephedrine Sulfate
Change to read:
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2S (USP36)

(C10 H15 NO)2 ·H2 SO4

428.54

Benzenemethanol, -[1-(methylamino)ethyl]-, [S-(R*,R*)]-, sulfate (2:1) (salt);
(+)-Pseudoephedrine sulfate (2:1) (salt)
[7460-12-0].
DEFINITION
Change to read:
Pseudoephedrine Sulfate contains NLT 98.0% and NMT 100.5%
102.0% 2S (USP36)
of pseudoephedrine sulfate [(C10 H15 NO)2 ·H2 SO4 ], calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Sample solution: 500 µg/mL
Acceptance criteria: Absorptivities at 257 nm, calculated on the dried basis, differ by
NMT 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
• C. A solution of it meets the requirements of the test for Sulfate

191 .

ASSAY
Change to read:
• Procedure
Sample solution: 150 mg of Pseudoephedrine Sulfate in 50 mL of glacial acetic acid
Analysis: Titrate the Sample solution with 0.1 N perchloric acid VS, determining the
endpoint potentiometrically. Perform a blank determination, and make any necessary
correction. Each mL of 0.1 N perchloric acid is equivalent to 42.85 mg of
(C10 H15 NO)2 ·H2 SO4 .
Acceptance criteria: 98.0%–100.5% on the dried basis
0.02 M 1-decanesulfonic acid with 2% acetic acid: Transfer 4.9 g of 1decanesulfonic acid sodium to a 1000-mL volumetric flask. Add 800 mL of water, pipet
20.0 mL of glacial acetic acid, and sonicate for 10 min. Dilute with water to volume, and
filter.
Mobile phase: 0.02 M 1-decanesulfonic acid with 2% acetic acid, acetonitrile, and
tetrahydrofuran (73:14:13)
Standard solution: 1 mg/mL of USP Pseudoephedrine Sulfate RS in water
Sample solution: 1 mg/mL of Pseudoephedrine Sulfate in water
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 258
Column: 4.6-mm × 25-cm; 5-µm packing L60
Column temperature: 25 ± 5
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pseudoephedrine sulfate [(C10 H15 NO)2 ·H2 SO4 ] in the
portion of Pseudoephedrine Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Pseudoephedrine Sulfate RS in the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis 2S (USP36)
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Chloride 221
Sample: 200 mg
Acceptance criteria: 0.14%; shows no more chloride than corresponds to 0.4 mL of 0.02 N
hydrochloric acid.
• Heavy Metals
Standard solution: 10 ppm of standard lead solution
Sample solution: 1.0 g in 20 mL of dilute alcohol (1 in 2)
Analysis: Treat the Sample solution with 5 mL of sodium hydroxide solution (1 in 20) and 5
drops of sodium sulfide TS.
Acceptance criteria: NMT 200 ppm. The color developed is not darker than that of a blank
determination performed simultaneously using the Standard solution (see Heavy Metals
231 .
Change to read:
• Organic Impurities
Procedure: Ordinary Impurities 466
Standard solution: Prepare in alcohol.
Sample solution: Prepare in alcohol.
Eluant: Alcohol, glacial acetic acid, and water (10:3:1)
Visualization: Expose the plate for 24 h to iodine vapors in a pre-equilibrated closed
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chamber, on the bottom of which are iodine crystals.
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Standard solution A: 1 mg/mL of USP Pseudoephedrine Sulfate RS in water
Standard solution B: 0.012 mg/mL of USP Pseudoephedrine Sulfate RS in water
Resolution solution: 6 mg/mL of USP Pseudoephedrine Sulfate RS in 10% hydrogen
peroxide. Maintain at room temperature for at least 1 h to produce the unknown peak
at RRT 0.96.
Sensitivity solution: 6 µg/mL of USP Pseudoephedrine Sulfate RS in water
Sample solution: 6 mg/mL of Pseudoephedrine Sulfate in water
System suitability
Samples: Standard solution A, Sensitivity solution, and Resolution solution
Suitability requirements
Tailing factor: NMT 1.5, Standard solution A
Relative standard deviation: NMT 6.0%, Sensitivity solution
Resolution: NLT 1.05 between pseudoephedrine sulfate and unknown peak at RRT
0.96, Resolution solution
Analysis
Samples: Standard solution B and Sample solution
Inject water after the Standard solution to prevent carry over.
Calculate the percentage of ephedrine and any impurity in the portion of
Pseudoephedrine Sulfate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of ephedrine or each individual impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Pseudoephedrine Sulfate RS in the Standard solution B (mg/mL)
C=
U concentration of Pseudoephedrine Sulfate in the Sample solution (mg/mL)
2S (USP36)

Acceptance criteria
Individual impurities: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Pseudoephedrine
1.0
—
Ephedrine
1.2
0.2
Individual unspecified impurity
—
Less than 0.1
Total impurities
—
0.3
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Class I 741
Acceptance criteria: 174 –179 , but the range between beginning and end of melting is
NMT 2

2S (USP36)
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• Optical Rotation, Specific Rotation 781S
Sample solution: 50 mg/mL in water
Acceptance criteria: +56.0 to +59.0
• pH 791
Sample solution: 50 mg/mL
Acceptance criteria: 5.0–6.5
• Loss on Drying 731
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Pseudoephedrine Sulfate RS
BRIEFING
Quetiapine Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph is proposed based on validated methods of analysis. The HPLC procedure in the
Assay is based on analyses performed with the X-Terra RP-18 brand of L1 column
manufactured by Waters Corporation. The typical retention time for quetiapine is about 7
min. The HPLC procedure in the test for Dissolution is based on analyses performed with the
Hypersil BDS C18 brand of L1 column manufactured by Thermo Scientific. The typical
retention time for quetiapine is about 5.5 min. The HPLC procedure in the test for Organic
Impurities is based on analyses performed with the Inertsil C8-3 brand of L7 column
manufactured by GL Sciences. The typical retention time for quetiapine is about 25 min.
(SM4: H. Ramanathan.)
Correspondence Number—C117460

Comment deadline: November 30, 2012
Add the following:
Quetiapine Tablets
DEFINITION
Quetiapine Tablets contain an amount of Quetiapine equivalent to NLT 90.0% and NMT 110.0%
of the labeled amount of quetiapine [(C21 H25 N3 O2 S)2 ].
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.4 g/L of monobasic potassium phosphate in water. To 1 L of this solution add 1
mL of triethylamine, and adjust with dilute phosphoric acid to a pH of 6.5 (1 in 10, v/v).
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Mobile phase: Acetonitrile and Buffer (35:65)
Standard solution: 0.1 mg/mL of USP Quetiapine Fumarate RS in Mobile phase
Sample stock solution: Nominally, 2.0 mg/mL of quetiapine prepared as follows. Transfer
NLT 5 Tablets to a suitable volumetric flask. Add water to fill 5% of final volume, and
sonicate to disperse the Tablets. Add Mobile phase to fill 60% of final volume, and
sonicate for 30 min with intermittent shaking. Dilute with Mobile phase to volume.
Centrifuge for 5 min. Pass a portion of the solution through a suitable filter of 0.45-µm
pore size.
Sample solution: Nominally, 0.1 mg/mL of quetiapine prepared by diluting an aliquot of the
supernatant from the Sample stock solution with Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: 2 times the retention time of quetiapine
Suitability requirements
Sample: Standard solution
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quetiapine [(C21 H25 N3 O2 S)2 ] in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (M × Mr1/Mr2) × 100
rU= peak response of quetiapine from the Sample solution
rS= peak response of quetiapine from the Standard solution
CS= concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
CU= nominal concentration of quetiapine in the Sample solution (mg/mL)
M = number of moles of quetiapine/mole of quetiapine fumarate, 2
Mr1
= molecular weight of quetiapine free base, 383.51
Mr2
= molecular weight of quetiapine fumarate, 883.09
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water, 900 mL, deaerated
Apparatus 2: 50 rpm
Time: 30 min
Buffer: 1.4 g/L of monobasic potassium phosphate in water. To 1 L of this solution add 1
mL of triethylamine, and adjust with dilute phosphoric acid to a pH of 6.0 (1 in 10).
Mobile phase: Acetonitrile and Buffer (35:65)
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Standard stock solution: 0.3 mg/mL of USP Quetiapine Fumarate RS prepared as follows.
Dissolve the Standard first in methanol using 10% of final volume, and dilute with Medium
to volume.
Standard solution: 0.03 mg/mL of USP Quetiapine Fumarate RS in Medium from the
Standard stock solution
Sample solution: Pass a portion of the solution through a suitable filter of 0.45-µm pore
size. Dilute with Medium to a concentration similar to the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 50 µL
Run time: 1.5 times the retention time of quetiapine
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of quetiapine [(C21 H25 N3 O2 S)2 ] dissolved:
Result = (rU/rS) × (CS/L) × V × (M × Mr1/Mr2) × 100
rU= peak response of quetiapine from the Sample solution
rS= peak response of quetiapine from the Standard solution
CS= concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
L = label claim (mg/Tablet)
V = volume of Medium, 900 mL
M = number of moles of quetiapine/mole of quetiapine fumarate, 2
Mr1
= molecular weight of quetiapine free base, 383.51
Mr2
= molecular weight of quetiapine fumarate, 883.09
Tolerances: NLT 80% (Q) of the labeled amount of quetiapine [(C21 H25 N3 O2 S)2 ] is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements for Weight Variation

IMPURITIES
• Organic Impurities
Buffer: Dissolve 0.8 g of anhydrous dibasic sodium phosphate and 0.6 g of potassium
dihydrogen orthophosphate in 1 L of water
Solution A: Acetonitrile and Buffer (10:90). Adjust with dilute phosphoric acid to a pH of
6.7 (1 in 10, v/v).
Solution B: Acetonitrile
Diluent: Acetonitrile and Solution A (65:35)
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Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
80
20
20
75
25
30
65
35
35
35
65
55
25
75
56
80
20
65
80
20
System suitability solution: 0.5 mg/mL of USP Quetiapine System Suitability RS in Diluent
prepared as follows: Transfer the required quantity of the USP Quetiapine System
Suitability RS to a suitable volumetric flask. Add 70% of the flask volume and sonicate to
dissolve. Dilute with Diluent to volume.
Standard solution: 1.2 µg/mL of USP Quetiapine Fumarate RS in Diluent. Sonication may
be used to aid in dissolution.
Sample solution: Nominally, 0.5 mg/mL of quetiapine in Diluent from a portion of weighed
and crushed Tablets (NLT 10). Sonicate for 10 min with intermittent shaking.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 45
Flow rate: 1.5 mL/min
Injection volume: 20 µL
Suitability requirements
Samples: System suitability solution and Standard solution
Resolution: NLT 2.0 between the desethoxy quetiapine and quetiapine peaks, System
suitability solution
Tailing factor: NMT 1.5 for the quetiapine peak, System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (M × Mr1/Mr2) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of quetiapine from the Standard solution
CS= concentration of USP Quetiapine Fumarate RS in the Standard solution (mg/mL)
CU= nominal concentration of quetiapine in the Sample solution (mg/mL)
M = number of moles of quetiapine/mole of quetiapine fumarate, 2
Mr1
= molecular weight of quetiapine free base, 383.51
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Mr2
= molecular weight of quetiapine fumarate, 883.09
Acceptance criteria: See Table 2. Disregard any peak with an area below 0.05% in the
Sample solution.
Table 2
Relative
Retention
Time

Name

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

Piperazinyl dibenzothiazepinea,b
0.39
c,b
Dibenzothiazepinone
0.69
Desethoxy quetiapined,b
0.88
Quetiapine
1.0
e,b
Bis(dibenzothiazepinyl) piperazine
2.0
Any individual unspecified degradation product
—
Total impurities
—
a 11-(Piperazin-1-yl)dibenzo[b,f][1,4]thiazepine.
b Process impurities controlled in the drug substance. Included for identification purposes
only. Not reported for the drug product and not included in the total impurities.
c Dibenzo[b,f][1,4]thiazepin-11(10H)-one.
d 2-[4-(Dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl]ethanol.
e 1,4-Bis(dibenzo[b,f][1,4]thiazepin-11-yl)piperazine.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
• USP Reference Standards 11
USP Quetiapine Fumarate RS
USP Quetiapine System Suitability RS
It contains more than 98% of quetiapine fumarate and each of the following impurities:
Piperazinyl dibenzothiazepine (also known as Quetiapine Impurity B): 11-(Piperazin-1yl)dibenzo[b,f][1,4]thiazepine; Dibenzothiazepinone (also known as Quetiapine Impurity
G): Dibenzo[b,f][1,4]thiazepin-11(10H)-one; and Desethoxy quetiapine (also known as
Quetiapine Impurity I): 2-[4-(Dibenzo[b,f][1,4]thiazepin-11-yl)piperazin-1-yl]ethanol.
2S (USP36)

BRIEFING
Risperidone Oral Solution, USP 35 page 4572. On the basis of comments received, it is
proposed to add a microbial limits test with acceptance criteria consistent with general
chapters Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 .
Minor editorial changes have been made to be consistent with the monograph redesign
initiative.
(SM4: M. Koleck, R. Ravichandran, R. Tirumalai.)
Correspondence Number—C84462

Comment deadline: November 30, 2012
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Risperidone Oral Solution
DEFINITION
Risperidone Oral Solution contains NLT 90.0% and NMT 110.0% of the labeled amount of
risperidone (C23 H27 FN4 O2 ). It may contain a suitable preservative.
IDENTIFICATION
• The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 5.0 g/L of ammonium acetate in water
Mobile phase: Acetonitrile and Buffer (11:39)
System suitability solution: 0.25 mg/mL of USP Risperidone Related Compounds Mixture
RS prepared as follows. Weigh USP Risperidone Related Compounds Mixture RS into a
suitable volumetric flask. Dissolve first in 20% of the flask volume of methanol. Add 20% of
the flask volume of water followed by 50% of the flask volume of Buffer, and allow to cool
to room temperature. Dilute with methanol to volume.
Standard stock solution: 1 mg/mL of USP Risperidone RS in methanol
Standard solution: 0.2 mg/mL of USP Risperidone RS prepared from the Standard stock
solution as follows. Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask. Add 5.0 mL of water followed by 12.5 mL of Buffer, and allow to cool to room
temperature. Dilute with methanol to volume.
Sample solution: Nominal concentration of 0.2 mg/mL of risperidone prepared from Oral
Solution as follows. Transfer an amount of Oral Solution, equivalent to 5 mg of risperidone
to a 25-mL volumetric flask, add 12.5 mL of Buffer, fill with methanol almost to volume,
and mix well. Allow to cool to room temperature, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 275 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 2 times the retention time of risperidone
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between bicyclorisperidone and Z-oxime, System suitability
solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount of risperidone (C23 H27 FN4 O2 ) in the
portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of risperidone from the Sample solution
rS= peak response of risperidone from the Standard solution
C=
S concentration of USP Risperidone RS in the Standard solution (mg/mL)
C=
U nominal concentration of risperidone in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume

698 : Meets the requirements

IMPURITIES
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard stock solution: 5 µg/mL of USP Risperidone RS in methanol
Standard solution: 1 µg/mL of USP Risperidone RS from the Standard stock solution
prepared as follows. Transfer 5.0 mL of the Standard stock solution to a 25-mL volumetric
flask. Add 5.0 mL of water followed by 12.5 mL of Buffer, and allow to cool to room
temperature. Dilute with methanol to volume.
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between bicyclorisperidone and Z-oxime, System suitability
solution
Relative standard deviation: NMT 10%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of risperidone from the Standard solution
C=
S concentration of USP Risperidone RS in the Standard solution (mg/mL)
C=
U nominal concentration of risperidone in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name
Risperidone cis-N-oxidea

Table 1
Relative
Retention
Time
0.33

Relative
Response
Factor
0.97

Acceptance
Criteria,
NMT (%)
0.50
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Bicyclorisperidoneb
0.43
0.67
0.50
0.53
—
—
Z-Oximec
Risperidone
1.0
—
—
Any unspecified degradation product
—
1.0
0.20
Total impurities
—
—
1.0
a cis-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1-piperidinyl]ethyl]-6,7,8,9-tetrahydro-2methyl-4H-pyrido[1,2-a]pyrimidin-4-one,N-oxide monohydrate.
b 3-(4-Fluoro-2-hydroxyphenyl)-1-[2-(6,7,8,9-tetrahydro-2-methyl-4-oxo-4H-pyrido[1,2-a]pyrimidin-3-yl)ethyl]-1-aza-2-azoniabicyclo[2.2.2]oct-2-ene salt.
c (Z)-3-[2-[4-(2,4-Difluorophenyl)(hydroxyimino)methyl]-1-piperidinyl]ethyl]-6,7,8,9tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one.
[Note—Process impurity, not to be quantified in the drug product. It is used to establish
system suitability only.]
SPECIFIC TESTS
• pH

791 : 2.0–4.0

Add the following:
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 :
The total aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds
count does not exceed 101 cfu/mL. It meets the requirements of the test for absence of
Escherichia coli. 2S (USP36)
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers. Store at controlled room
temperature. Do not freeze.
• USP Reference Standards 11
USP Risperidone RS
USP Risperidone Related Compounds Mixture RS
Contains a 98.9:0.5:0.30:0.3 (area %) mixture of four compounds:
98.9% of Risperidone.
0.5% of Risperidone cis-N-oxide: cis-3-[2-[4-(6-Fluoro-1,2-benzisoxazol-3-yl)-1piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one].
0.3% of Bicyclorisperidone: 3-(4-Fluoro-2-hydroxyphenyl)-1-[2-(6,7,8,9-tetrahydro-2methyl-4-oxo-4H-pyrido-[1,2-a]pyrimidin-3-yl)ethyl]-1-aza-2-azoniabicyclo[2.2.2]oct2-ene iodide.
0.3% of Z-oxime: (Z)-3-[2-[4-(2,4-Difluorophenyl) (hydroxyimino)methyl]-1piperidinyl]ethyl]-6,7,8,9-tetrahydro-2-methyl-4H-pyrido[1,2-a]pyrimidin-4-one.
BRIEFING
Ritonavir Capsules. Because there is no existing USP monograph for this dosage form, a new
monograph based on validated methods of analysis is being proposed. The liquid
chromatographic procedure in the Assay is based on analysis performed with the Hypersil
BDS brand of L7 column. The typical retention time of ritonavir in the Assay is about 29 min.
The liquid chromatographic procedure in the test for Dissolution is based on analysis
performed with the Nucleosil CSC C18 brand of L1 column. The typical retention time of
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ritonavir in the Dissolution test is about 2.5 min. The liquid chromatographic procedure in the
test for Organic Impurities is based on analysis performed with the YMC-Pak C4 brand of
L26 column. The typical retention time of ritonavir in the test for Organic Impurities is about
33 min. The solid phase extraction in the Organic Impurities test is performed with a MaxiClean SAX SPE Cartridge.
(SM1: L. Santos.)
Correspondence Number—C110266

Comment deadline: November 30, 2012
Add the following:
Ritonavir Capsules
DEFINITION
Ritonavir Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of ritonavir
(C37 H48 N6 O5 S2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 4.1 g/L of monobasic potassium phosphate
Diluent: Acetonitrile and Buffer (50:50)
Mobile phase: Acetonitrile, methanol, tetrahydrofuran (stabilizer-free), and Buffer
(7:4:4:25). Separately filter the Buffer and the pre-mixed solvents before combining to
make the Mobile phase.
Standard solution: 25 µg/mL of USP Ritonavir RS in Diluent
Sample stock solution: Nominally 1 mg/mL of ritonavir prepared as follows. Transfer
Capsules (NLT 5) equivalent to 500 mg of ritonavir into a 500-mL volumetric flask, add
about 250 mL of Diluent, and shake for at least 30 min or until the capsules have visually
disintegrated. Add 150 mL of acetonitrile, allow to cool to room temperature, and dilute to
volume with Diluent.
Sample solution: Nominally 25 µg/mL of ritonavir in Diluent from the Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
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Capacity factor: NLT 15
Tailing factor: 0.8–1.2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ritonavir (C37 H48 N6 O5 S2 ) in the portion
of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid with 25 mM polyoxyethylene 10 lauryl ether, 900 mL
Apparatus 2: 50 rpm, with sinkers
Time: 30 min
Buffer: 4.1 g/L of monobasic potassium phosphate
Mobile phase: Acetonitrile and Buffer (55:45). Adjust with phosphoric acid to a pH of 4.0
± 0.1.
Standard stock solution: 5.2 mg/mL of USP Ritonavir RS in methanol
Standard working solution: 104 µg/mL of USP Ritonavir RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ritonavir (C37 H48 N6 O5 S2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
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rS= peak response from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (mg/mL)
L= ritonavir label claim (mg/Capsule)
V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of ritonavir (C37 H48 N6 O5 S2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
[Note—Ritonavir is alkali sensitive. All glassware should be pre-rinsed with distilled water
before use to remove residual detergent contamination.]
Buffer A: 4.1 g/L of monobasic potassium phosphate
Buffer B: 3.8 g/L of monobasic potassium phosphate and 0.25 g/L of dibasic potassium
phosphate
Solution A: Acetonitrile and Buffer A (50:50)
Solution B: Acetonitrile and Buffer A (65:35)
Solution C: Butyl alcohol and Buffer A (8:92)
Mobile phase: Acetonitrile, butyl alcohol, tetrahydrofuran (stabilizer-free), and Buffer B
(18:5:8:69). Adjust apparent pH to 6.3 ± 0.1 with 1M phosphoric acid or 1M potassium
hydroxide if necessary.
Cleaning solution: Acetonitrile, butyl alcohol, tetrahydrofuran (stabilizer-free), and Buffer
A (30:8:13:49)
Standard stock solution: 0.1 mg/mL of USP Ritonavir RS in Solution A
Standard solution: 10 µg/mL of USP Ritonavir RS in Solution C from Standard stock
solution
Peak identification solution: Transfer 5–10 g from contents of Capsules into a suitable
sealed container. Add an amount of citric acid equivalent to 1% of the capsule weight
taken, and mix until dissolved. Seal the container, and heat at 60 for about 24 h.
Transfer about 2 g to a 100-mL volumetric flask, and dilute with Solution B to volume.
Transfer 5.0 mL of the solution to a 50-mL centrifuge tube that has been previously rinsed
with methanol and dried. Add 20.0 mL of heptane, and seal the tube with a stopper.
Shake vigorously until a uniform emulsion is obtained, making sure to vent periodically. The
emulsion formed yields distinct layers when centrifuged. The top layer (clear heptane) and
the bottom layer (clear sample solution) are separated by a viscous white cloudy layer.
The middle layer is part of the heptane layer. Carefully remove the clear heptane layer
and the middle layer. Pass the bottom layer through a solid phase extraction cartridge
containing strong anion-exchange packing in acetate form as described below.
Sample stock solution: Nominally 2 mg/mL of ritonavir prepared as follows. Empty the
contents of Capsules (NLT 6) into a suitable container, and accurately weigh and transfer
an equivalent to 200 mg of ritonavir to a 100-mL volumetric flask. Dissolve and dilute with
Solution B to volume.
Sample solution: Nominally 1 mg/mL of ritonavir prepared as follows. Transfer 25.0 mL of
Sample stock solution into a 50-mL volumetric flask, and dilute with Solution C to volume.
Add 15.0 mL of this solution into a 50-mL centrifuge tube that has been previously rinsed
with methanol and dried. Add 20.0 mL of heptane, and seal the tube with a stopper.
Shake vigorously until a uniform emulsion is obtained, making sure to vent periodically. The
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emulsion formed yields distinct layers when centrifuged. The top layer (clear heptane) and
the bottom layer (clear sample solution) are separated by a viscous white cloudy layer.
The middle layer is part of the heptane layer. Carefully remove the clear heptane layer
and the middle layer. Pass the bottom layer through a solid phase extraction cartridge
containing strong anion-exchange packing in acetate form as described below.
Condition a solid phase extraction cartridge with methanol and Solution B two separate
times, and dry for 10 min under low vacuum. Add 5.0 mL of the clear sample solution into
the reservoir. Collect the sample solution at a slow rate into a 5-mL volumetric flask using
low vacuum. Dilute with Solution B to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 3-µm packing L26. Wash the column after each injection of
the Peak identification solution and each injection of the Sample solution with Cleaning
solution for about 26 min, and equilibrate with Mobile phase for about 30 min. Store in
Cleaning solution after the analysis is completed.
Column temperature: 60
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: 1.8 times the retention time of ritonavir
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor: NLT 13
Tailing factor: 0.8–1.2
Relative standard deviation: NMT 3.0%
Analysis
Samples: Peak identification solution, Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of ritonavir from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard peaks less than 0.05%.
Table 1

Name
Ureidovalinea,b
N-deacylvaline ritonavirc,d

Relative
Retention
0.03
0.11

Relative
Response
Factor
1.0
1.0

Acceptance
Criteria,
NMT (%)
0.1
0.4
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Acetamidoalcohole,b
0.15
1.0
0.1
f
,
b
2,5-Thiazolylmethyldicarbamate
0.24
1.37
0.1
Hydroxyritonavirg,d
0.36
1.0
0.2
h
,
d
Hydantoin aminoalcohol
0.39
0.73
0.9
—
—
Ritonavir hydroperoxidei,d
0.44
Ethanol adduct j,d
0.45
0.66
0.3
Hydantoin-oxazolidinone derivativek,b
0.50
0.76
0.2
l
,
b
Ethyl analog
0.64
1.0
0.1
Geo-Isomerm,d
0.74
1.0
0.3
n
,
b
—
—
BOC-aminoalcohol
Isobutoxycarbonyl aminoalcoholo,b
0.81
0.74
0.1
p
,
d
Oxazolidinone derivative
0.87
0.53
1.0
Ureidovaline isobutyl esterq,b
0.94
1.0
0.1
Ritonavir
1.00
—
—
r
,
b
4-Hydroxy isomer
1.05
1.0
0.1
3R-Epimers,b
1.11
1.0
0.3
t
,
b
Aminoalcohol urea derivative
1.14
1.0
0.1
3R,5R-Diastereomeru,b
1.23
1.0
0.1
v
,
b
5R-Epimer
1.32
1.0
0.1
Diacyl valine ureaw,b
1.70
1.0
0.1
Any other individual impurity
—
—
0.2
Total process impurity
—
—
0.8
Total impurities
—
—
3.0
a [N-Methyl[(2-isopropyl-4-thiazolyl)methyl]amino]carbonyl-l-valine (not quantified by
this method due to solvent front and placebo interferences).
b Process impurity.
c Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-amino-3-methylbutanamido]-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
d Degradation impurity.
e Thiazol-5-ylmethyl (2S,3S,5S)-5-acetamido-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
f Bis(thiazol-5-ylmethyl) (2S,3S,5S)-3-hydroxy-1,6-diphenylhexane-2,5diyldicarbamate.
g Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-2-(3-{[2-(2-hydroxypropan-2yl)thiazol-4-yl]methyl}-3-methylureido)-3-methylbutanamido]-1,6-diphenylhexan-2ylcarbamate.
h Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-4-isopropyl-2,5-dioxoimidazolidin1-yl]-1,6-diphenylhexan-2-ylcarbamate.
i Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-(3-{[2-(2-hydroperoxypropan-2-yl)thiazol4-yl]methyl}-3-methylureido)-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2ylcarbamate (report as ethanol adduct due to possible co-elution).
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j Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-ethoxycarbonylamino-3-methylbutanamido]3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
k (4S,5S)-Thiazol-5-ylmethyl 4-benzyl-5-{(S)-2-[(S)-4-isopropyl-2,5dioxoimidazolidin-1-yl]-3-phenylpropyl}-2-oxooxazolidine-3-carboxylate.
l Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
m (S)-{(2S,3S,5S)-5-Amino-1,6-diphenyl-2-[(thiazol-5ylmethoxy)carbonylamino]hexan-3-yl} 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanoate.
n Thiazol-5-ylmethyl (2S,3S,5S)-( 5-t-butoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate (may co-elute with isobutoxycarbonyl aminoalcohol;
report as isobutoxycarbonyl aminoalcohol).
o Thiazol-5-ylmethyl (2S,3S,5S)-( 5-isobutoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
p (S)-N-[(S)-1-[(4S,5S)-4-Benzyl-2-oxooxazolidin-5-yl]-3-phenylpropan-2-yl]-2-{3[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanamide.
q (S)-Isobutyl 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3methylbutanoate.
r Thiazol-5-ylmethyl (2S,4S,5S)-4-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
s Thiazol-5-ylmethyl (2S,3R,5S)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
t Bis(thiazol-5-ylmethyl) (2S,2'S,3S,3'S,5S,5'S)-5,5'-carbonylbis(azanediyl)bis(3hydroxy-1,6-diphenylhexane-5,2-diyl)dicarbamate.
u Thiazol-5-ylmethyl (2S,3R,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
v Thiazol-5-ylmethyl (2S,3S,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
w (3S,4S,6S,10S,13S,15S,16S)-Bis(thiazol-5-ylmethyl)-4,15-dihydroxy-10-isopropyl8,11-dioxo-3,6,13,16-tetrabenzyl-2,7,9,12,17-pentaazaoctadecanedioate.
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/g. It meets the requirements of the
test for absence of Escherichia coli and Salmonella.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store between 2 and
8 .
• USP Reference Standards
USP Ritonavir RS

11

2S (USP36)

BRIEFING
Ritonavir Oral Solution. Because there is no existing USP monograph for this dosage form, a
new monograph based on validated methods of analysis is being proposed. The liquid
chromatographic procedure in the Assay is based on analysis performed with the Hypersil
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BDS brand of L7 column. The typical retention time of ritonavir in the Assay is about 29 min.
The liquid chromatographic procedure in the test for Organic Impurities is based on analysis
performed with the YMC-Pak C4 brand of L26 column. The typical retention time of ritonavir
in the Organic Impurities test is about 33 min. The gas chromatographic procedure in the
test for Alcohol Content is based on analysis performed with the J&W Scientific DB-WAX
brand of G16 column. The typical retention times of alcohol and butyl alcohol in the Alcohol
Content test are about 5 min and 10 min, respectively.
(SM1: L. Santos.)
Correspondence Number—C113447

Comment deadline: November 30, 2012
Add the following:
Ritonavir Oral Solution
DEFINITION
Ritonavir Oral Solution contain NLT 90.0% and NMT 110.0% of the labeled amount of ritonavir
(C37 H48 N6 O5 S2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 4.1 g/L of monobasic potassium phosphate
Diluent: Acetonitrile and Buffer (50:50)
Mobile phase: Acetonitrile, methanol, tetrahydrofuran (stabilizer-free), and Buffer (17.5 :
10 : 10 : 62.5). Filter the required solutions individually prior to use.
Standard solution: 25 µg/mL of USP Ritonavir RS in Diluent
Sample solution: Nominally 25 µg/mL of ritonavir in Diluent from a measured volume of Oral
Solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor: Greater than 15
Tailing factor: 0.8–1.2
Theoretical plates: Greater than 5000
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Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ritonavir (C37 H48 N6 O5 S2 ) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (µg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Deliverable Volume
unit containers

698 : Meet the requirements for Oral Solution packaged in multiple-

IMPURITIES
• Organic Impurities
[Note—Ritonavir is alkali sensitive. All glassware should be pre-rinsed with distilled water before
use to remove residual detergent contamination.]
Buffer A: 4.1 g/L of monobasic potassium phosphate
Buffer B: 3.8 g/L of monobasic potassium phosphate and 0.25 g/L of dibasic potassium
phosphate
Solution A: Acetonitrile and Buffer A (50:50)
Solution B: Acetonitrile and Buffer A (65:35)
Solution C: Butyl alcohol and Buffer A (8:92)
Mobile phase: Acetonitrile, butyl alcohol, tetrahydrofuran (stabilizer-free), and Buffer B
(18:5:8:69). Adjust apparent pH to 6.3 ± 0.1 with 1M phosphoric acid or 1M potassium
hydroxide if necessary.
Cleaning solution: Acetonitrile, butyl alcohol, tetrahydrofuran (stabilizer-free), and Buffer
A (30:8:13:49)
Standard stock solution: 0.1 mg/mL of USP Ritonavir RS in Solution A
Standard solution: 10 µg/mL of USP Ritonavir RS in Solution C from Standard stock
solution
Peak identification solution: Transfer 5–10 g of Oral Solution into a suitable sealed
container. Add an amount of citric acid equivalent to 1% by weight of the Oral Solution
taken, and mix until dissolved. Seal the container, and heat at 70 for 24 h. Transfer 5.0
mL of the thermally degraded sample into a 200-mL volumetric flask. Dissolve and dilute
with Solution B to volume.
Sample stock solution: Nominally 2 mg/mL of ritonavir in Solution B prepared as follows.
Transfer a measured volume of Oral Solution equivalent to 400 mg of ritonavir into a 200mL volumetric flask, and dilute with Solution B to volume.
Sample solution: Nominally 1 mg/mL of ritonavir prepared as follows. Transfer 25.0 mL of
the Sample stock solution into a 50-mL volumetric flask, and dilute with Solution C to
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volume. Transfer 15.0 mL of the solution to a 50-mL centrifuge tube that has been
previously rinsed with methanol and dried. Add 20.0 mL of heptane, and then stopper the
tube. Shake the tube vigorously until a uniform emulsion is obtained, making sure to vent
periodically. Centrifuge the resulting emulsion for about 5 min. Carefully aspirate off the
top layer (heptane) leaving the clear bottom layer (sample solution) in the tube. The
centrifuged emulsion will have three distinct layers. The top layer (clear heptane) and the
bottom layer (sample solution) are separated by a viscous white cloudy layer. The middle
layer should be considered part of the heptane layer for removal by aspiration. Repeat the
extraction steps, and analyze the Sample solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 3-µm packing L26. Wash the column after each injection of
the Peak identification solution and each injection of the Sample solution with Cleaning
solution for about 26 min, and equilibrate with Mobile phase for about 30 min. Store in
Cleaning solution after the analysis is completed.
Column temperature: 60
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: 1.8 times the retention time of ritonavir
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor: NLT 13
Tailing factor: 0.8–1.2
Relative standard deviation: NMT 3.0%
Analysis
Samples: Peak identification solution, Standard solution, and Sample solution
Calculate the percentage of each impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of ritonavir from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard peaks less than 0.05%.
Table 1

Name
Ureidovalinea,b
N-deacylvaline ritonavirc,d

Relative
Retention
0.03
0.11

Relative
Response
Factor
1.0
1.0

Acceptance
Criteria,
NMT (%)
0.1
0.7
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Acetamidoalcohole,b
0.15
1.0
0.1
d
Propylene glycol adduct
0.59
0.4
f
,
b
2,5-Thiazolylmethyldicarbamate
0.24
1.37
0.1
Hydroxyritonavirg,d
0.36
1.0
0.5
h
,
d
Hydantoin aminoalcohol
0.39
0.73
0.5
Ritonavir hydroperoxidei,d
0.44
1.0
0.2
j
,
d
Ethanol adduct
0.45
0.66
1.0
Hydantoin-oxazolidinone derivativek,b
0.50
0.76
0.2
l
,
b
Ethyl analog
0.64
1.0
0.1
Geo-Isomerm,d
0.74
1.0
0.2
n
,
b
—
—
BOC-aminoalcohol
Isobutoxycarbonyl aminoalcoholo,b
0.81
0.74
0.1
p
,
d
Oxazolidinone derivative
0.87
0.53
0.2
Ureidovaline isobutyl esterq,b
0.94
1.0
0.1
Ritonavir
1.00
—
—
r
,
b
4-Hydroxy isomer
1.05
1.0
0.1
3R-Epimers,b
1.11
1.0
0.3
t
,
b
Aminoalcohol urea derivative
1.14
1.0
0.1
3R,5R-Diastereomeru,b
1.23
1.0
0.1
v
,
b
5R-Epimer
1.32
1.0
0.1
Diacyl valine ureaw,b
1.70
1.0
0.1
Any individual unspecified degradation
—
1.0
product
0.2
Total process impurity
—
—
1.2
Total impurities
—
—
3.0
a [N-Methyl[(2-isopropyl-4-thiazolyl)methyl]amino]carbonyl-l-valine (not quantified by
this method due to solvent front and placebo interferences; controlled as a synthetic
impurity in the drug substance).
b Process impurity.
c Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-amino-3-methylbutanamido]-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
d Degradation product.
e Thiazol-5-ylmethyl (2S,3S,5S)-5-acetamido-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
f Bis(thiazol-5-ylmethyl) (2S,3S,5S)-3-hydroxy-1,6-diphenylhexane-2,5diyldicarbamate. (If two peaks appear with a relative retention of 0.24, the second
peak is identified as the 2,5-thiazolylmethyl dicarbamate impurity. If a single peak with
relative retention of 0.24 appears, report as Propylene glycol adduct.)
g Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-2-(3-{[2-(2-hydroxypropan-2yl)thiazol-4-yl]methyl}-3-methylureido)-3-methylbutanamido]-1,6-diphenylhexan-2ylcarbamate.
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h Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-4-isopropyl-2,5-dioxoimidazolidin1-yl]-1,6-diphenylhexan-2-ylcarbamate.
i Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-(3-{[2-(2-hydroperoxypropan-2-yl)thiazol4-yl]methyl}-3-methylureido)-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2ylcarbamate (unspecified degradant; report as ethanol adduct due to possible coelution).
j Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-ethoxycarbonylamino-3-methylbutanamido]3-hydroxy-1,6-diphenylhexan-2-ylcarbamate (possible co-elution with ritonavir
hydroperoxide).
k (4S,5S)-Thiazol-5-ylmethyl 4-benzyl-5-{(S)-2-[(S)-4-isopropyl-2,5dioxoimidazolidin-1-yl]-3-phenylpropyl}-2-oxooxazolidine-3-carboxylate.
l Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
m (S)-{(2S,3S,5S)-5-Amino-1,6-diphenyl-2-[(thiazol-5ylmethoxy)carbonylamino]hexan-3-yl} 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanoate (unspecified degradant).
n Thiazol-5-ylmethyl (2S,3S,5S)-( 5-t-butoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate (may co-elute with isobutoxycarbonyl aminoalcohol;
report as isobutoxycarbonyl aminoalcohol using a relative response factor of 0.74).
o Thiazol-5-ylmethyl (2S,3S,5S)-( 5-isobutoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
p (S)-N-[(S)-1-[(4S,5S)-4-Benzyl-2-oxooxazolidin-5-yl]-3-phenylpropan-2-yl]-2-{3[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanamide (unspecified
degradant).
q (S)-Isobutyl 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3methylbutanoate.
r Thiazol-5-ylmethyl (2S,4S,5S)-4-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
s Thiazol-5-ylmethyl (2S,3R,5S)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
t Bis(thiazol-5-ylmethyl) (2S,2'S,3S,3'S,5S,5'S)-5,5'-carbonylbis(azanediyl)bis(3hydroxy-1,6-diphenylhexane-5,2-diyl)dicarbamate.
u Thiazol-5-ylmethyl (2S,3R,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
v Thiazol-5-ylmethyl (2S,3S,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4yl)methyl]-3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
w (3S,4S,6S,10S,13S,15S,16S)-Bis(thiazol-5-ylmethyl)-4,15-dihydroxy-10-isopropyl8,11-dioxo-3,6,13,16-tetrabenzyl-2,7,9,12,17-pentaazaoctadecanedioate.
SPECIFIC TESTS
• Alcohol Content
Internal standard solution: Butyl Alcohol and methanol (1:20)
Internal standard identity solution: Dilute 5.0 mL of Internal standard solution to 100 mL
with methanol
Standard stock solution: 4.0% of USP Alcohol Determination–Alcohol RS in methanol
Standard solution: 0.4 mg/mL of USP Alcohol Determination–Alcohol RS prepared as
follows. Transfer 10.0 mL of Standard stock solution and 5 mL of Internal standard
solution into a 100-mL volumetric flask, and dilute with methanol to volume.
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Sample stock solution: Nominally 8 mg/mL of ritonavir in methanol prepared as follows.
Transfer a measured volume of Oral Solution equivalent to 400 mg of ritonavir to a 50-mL
volumetric flask with the aid of several portions of methanol, and dilute with methanol to
volume.
Sample solution: Nominally 0.8 mg/mL of ritonavir prepared as follows. Transfer 10.0 mL of
Standard stock solution and 5.0 mL of Internal standard solution into a 100-mL volumetric
flask, and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m fused silica capillary; 1-µm layer of phase G16
Temperatures
Injection port: 185
Detector: 220
Column: See Table 2.
Table 2
Initial
Temperature
Final
Hold Time at
Temperature
Ramp
Temperature
Final Temperature
( )
( /min)
( )
(min)
40
0
40
5
40
10
145
6
145
20
200
9.75
Carrier gas: Helium
Flow rate: 4.5 mL/min
Make up gas flow: 30 mL/min
Injection volume: 1 µL
Injection mode: Split ratio 4:1
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.8–1.2 for the alcohol peak
Relative standard deviation: NMT 3.0% for the peak area ratio of alcohol to butyl
alcohol
Analysis
Samples: Internal standard identity solution, Standard solution, and Sample solution
Calculate the percentage of the labeled amount of alcohol in the portion of Oral Solution
taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of alcohol to butyl alcohol from the Sample solution
R=
S peak area ratio of alcohol to butyl alcohol from the Standard solution
C=
S concentration of USP Alcohol Determination–Alcohol RS in the Standard solution
(mg/mL)
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C=
U nominal concentration of ritonavir in the Sample solution (mg/mL)
Acceptance criteria: 40%–47% of alcohol (C2 H6 O)
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms
total aerobic microbial count does not exceed 102 cfu/g.

62 : The

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at room
temperature.
• USP Reference Standards 11
USP Alcohol Determination–Alcohol RS
USP Ritonavir RS
2S (USP36)

BRIEFING
Ritonavir Tablets. Because there is no existing USP monograph for this dosage form, a new
monograph based on validated methods of analysis is being proposed. The liquid
chromatographic procedure in the Assay is based on analysis performed with the Hypersil
BDS C8 brand of L7 column. The typical retention time for ritonavir in the Assay is about 21
min. The liquid chromatographic procedure in the test for Dissolution is based on analysis
performed with the Nucleosil C18 brand of L1 column. The typical retention time for ritonavir
in the test for Dissolution is about 4.5 min. The liquid chromatographic procedure in the test
for Organic Impurities is based on analysis performed with the YMC-Pak C4 brand of L26
column. The typical retention time for ritonavir in the test for Organic Impurities is about 33
min.
(SM1: L. Santos.)
Correspondence Number—C113446

Comment deadline: November 30, 2012
Add the following:
Ritonavir Tablets
DEFINITION
Ritonavir Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of ritonavir
(C37 H48 N6 O5 S2 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 4.1 g/L of monobasic potassium phosphate
Solution A: Acetonitrile and Buffer (50:50)
Solution B: Acetonitrile, butyl alcohol, water, and Buffer (65:15:10:10)
Mobile phase: Acetonitrile, methanol, tetrahydrofuran (stabilizer-free), and Buffer (17.5:
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10: 10: 62.5). Filter the required solutions individually before use.
Standard solution: 0.1 mg/mL of USP Ritonavir RS in Solution A
Sample stock solution: Nominally 1 mg/mL of ritonavir prepared as follows. Transfer
Tablets (NLT 5) equivalent to 500 mg of ritonavir into a 500-mL volumetric flask. Fill the
flask half full with Solution B, and mechanically shake for at least 60 min or until the
Tablets have visually disintegrated. Dilute with Solution B to volume, and stir for 30 min.
Transfer a sufficient quantity of this solution to a centrifuge tube, and centrifuge for
about 15 min. Use the supernatant to prepare the Sample solution.
Sample solution: Nominally 0.1 mg/mL of ritonavir in Solution A from the supernatant of
Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Capacity factor: 15–24
Tailing factor: 0.8–1.2
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ritonavir (C37 H48 N6 O5 S2 ) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.06 M polyoxyethylene 10 lauryl ether; 900 mL
Apparatus 2: 75 rpm
Time: 120 min
Buffer: 4.1 g/L of monobasic potassium phosphate
Mobile phase: Acetonitrile and Buffer (55:45). Adjust with phosphoric acid to a pH of 4.0
± 0.1.
Standard stock solution: 1.11 mg/mL of USP Ritonavir RS in methanol
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Standard working solution: 111 µg/mL of USP Ritonavir RS in Medium from Standard stock
solution
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.9–1.5
Capacity factor: Greater than 3.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of ritonavir (C37 H48 N6 O5 S2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (mg/mL)
L= label claim for ritonavir (mg/Tablet)
V= volume of Medium, 900 mL
Tolerances: NLT 75% (Q) of the labeled amount of ritonavir (C37 H48 N6 O5 S2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Ritonavir is alkali sensitive. All glassware should be pre-rinsed with distilled water before
use to remove residual detergent contamination.
Buffer A: 4.1 g/L of monobasic potassium phosphate
Buffer B: 3.8 g/L of monobasic potassium phosphate and 0.25 g/L of dibasic potassium
phosphate
Solution A: Acetonitrile and Buffer A (50:50)
Solution B: Acetonitrile, butyl alcohol, water, and Buffer A (65:15:10:10)
Solution C: Acetonitrile, butyl alcohol, and Buffer A (15:5:80)
Mobile phase: Acetonitrile, butyl alcohol, tetrahydrofuran (stabilizer-free), and Buffer B
(18:5:8:69) adjusted with 1M phosphoric acid or 1M potassium hydroxide, if necessary, to
an apparent pH of 6.3 ± 0.1.
Cleaning solution: Acetonitrile, butyl alcohol, tetrahydrofuran (stabilizer-free), and Buffer
A (30:8:13:49)
Standard stock solution: 0.05 mg/mL of USP Ritonavir RS in Solution A
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Standard solution: 2.5 µg/mL of USP Ritonavir RS in Solution C from Standard stock
solution
System suitability stock solution: 1 mg/mL of USP Ritonavir Related Compounds Mixture
RS in Solution B
System suitability solution: 0.5 mg/mL of USP Ritonavir Related Compounds Mixture RS in
Solution C from System suitability stock solution
Sample stock solution: Nominally 1 mg/mL prepared as follows. Transfer Tablets (NLT 5)
equivalent to 500 mg of ritonavir into a 500-mL volumetric flask. Fill the flask half full with
Solution B, and mechanically shake for at least 60 min or until the Tablets have visually
disintegrated. Dilute with Solution B to volume, and stir for 30 min. Transfer a sufficient
quantity of this solution to a centrifuge tube, and centrifuge for 15 min. Use the
supernatant to prepare the Sample solution.
Sample solution: Nominally 0.5 mg/mL of ritonavir in Solution C from the supernatant of
Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 3-µm packing L26. Wash the column after each injection of
the Sample solution with Cleaning solution for about 26 min, and equilibrate with Mobile
phase for about 30 min. Store in Cleaning solution after the analysis is completed.
Column temperature: 60
Flow rate: 1 mL/min
Injection volume: 50 µL
Run time: 2.4 times the retention time of ritonavir
System suitability
Samples: Standard solution and System suitability solution
See Table 1 for relative retention values. Disregard all peaks occurring before the Ndeacylvaline ritonavir peak.
Suitability requirements
Resolution: Greater than 0.7 between the hydroxyritonavir and hydantoin aminoalcohol
peaks, System suitability solution
Capacity factor: Greater than 10.8, Standard solution
Tailing factor: 0.8–1.2, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of ritonavir from the Standard solution
C=
S concentration of USP Ritonavir RS in the Standard solution (mg/mL)
C=
U nominal concentration of ritonavir in the Sample solution (mg/mL)
F= relative response factor (See Table 1)
Acceptance criteria: See Table 1. Disregard peaks less than 0.05%.
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Table 1

Name
N-Deacylvaline ritonavira,b
Acetamidoalcoholc,d
2,5-Thiazolylmethyldicarbamatee,d
Hydroxyritonavirf,b
Hydantoin aminoalcoholg,b
Ritonavir hydroperoxideh,b
Hydantoin-oxazolidinone derivativei,d
Ethyl analogj,d
Geo-isomerk,b
BOC-aminoalcoholl,d
Isobutoxycarbonyl aminoalcoholm,d
Oxazolidinone derivativen,b
Ureidovaline isobutyl estero,d
Ritonavir
4-Hydroxy isomerp,d
3R-Epimerq,d
Aminoalcohol urea derivativer,d
3R,5R-Diastereomers,d
5R-Epimert,d
Diacyl valine ureau,d
Any individual unspecified degradation product
Total impurities

Relative
Retention
0.11
0.15
0.24
0.36
0.39
0.44
0.50
0.64
0.74
0.81
0.87
0.94
1.00
1.05
1.11
1.14
1.23
1.32
1.70
—
—

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.0
—
—
1.0
0.73
1.0
—
—
1.0

0.2
—
—
0.3
2.6
0.2
—
—
0.2

—

—

0.53
—
—
—
—
—
—
—
—
1.0
—

0.3
—
—
—
—
—
—
—
—
0.2
3.5
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a Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-amino-3-methylbutanamido]-3-hydroxy-1,6diphenylhexan-2-ylcarbamate.
b Degradation product.
c Thiazol-5-ylmethyl (2S,3S,5S)-5-acetamido-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
d Process impurity included in this table for peak identification only. This impurity is
controlled in the drug substance. It is not to be reported for the drug product nor
included in the total impurities.
e Bis(thiazol-5-ylmethyl) (2S,3S,5S)-3-hydroxy-1,6-diphenylhexane-2,5-diyldicarbamate
(Two peaks may be detected with a relative retention value of 0.24. The first peak is
considered as an unknown impurity and the second as 2,5-thiazolylmethyldicarbamate.)
f Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-2-(3-{[2-(2-hydroxypropan-2yl)thiazol-4-yl]methyl}-3-methylureido)-3-methylbutanamido]-1,6-diphenylhexan-2ylcarbamate.
g Thiazol-5-ylmethyl (2S,3S,5S)-3-hydroxy-5-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1-yl]1,6-diphenylhexan-2-ylcarbamate.
h Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-(3-{[2-(2-hydroperoxypropan-2-yl)thiazol-4yl]methyl}-3-methylureido)-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2ylcarbamate.
i (4S,5S)-Thiazol-5-ylmethyl 4-benzyl-5-{(S)-2-[(S)-4-isopropyl-2,5-dioxoimidazolidin-1yl]-3-phenylpropyl}-2-oxooxazolidine-3-carboxylate.
j Thiazol-5-ylmethyl (2S,3S,5S)-5-[(S)-2-{3-[(2-ethylthiazol-4-yl)methyl]-3methylureido}-3-methylbutanamido]-3-hydroxy-1,6-diphenylhexan-2-ylcarbamate.
k (S)-{(2S,3S,5S)-5-amino-1,6-diphenyl-2-[(thiazol-5-ylmethoxy)carbonylamino]hexan-3yl} 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanoate.
l Thiazol-5-ylmethyl (2S,3S,5S)-( 5-t-butoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate (may co-elute with isobutoxycarbonyl aminoalcohol).
m Thiazol-5-ylmethyl (2S,3S,5S)-( 5-isobutoxycarbonylamino)-3-hydroxy-1,6diphenylhexan-2-ylcarbamate (may co-elute with BOC-aminoalcohol).
n (S)-N-[(S)-1-[(4S,5S)-4-benzyl-2-oxooxazolidin-5-yl]-3-phenylpropan-2-yl]-2-{3-[(2isopropylthiazol-4-yl)methyl]-3-methylureido}-3-methylbutanamide.
o (S)-Isobutyl 2-{3-[(2-isopropylthiazol-4-yl)methyl]-3-methylureido}-3methylbutanoate.
p Thiazol-5-ylmethyl (2S,4S,5S)-4-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
q Thiazol-5-ylmethyl (2S,3R,5S)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
r Bis(thiazol-5-ylmethyl) (2S,2'S,3S,3'S,5S,5'S)-5,5'-carbonylbis(azanediyl)bis(3-hydroxy1,6-diphenylhexane-5,2-diyl)dicarbamate.
s Thiazol-5-ylmethyl (2S,3R,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
t Thiazol-5-ylmethyl (2S,3S,5R)-3-hydroxy-5-[(S)-2-{3-[(2-isopropylthiazol-4-yl)methyl]3-methylureido}-3-methylbutanamido]-1,6-diphenylhexan-2-ylcarbamate.
u (3S,4S,6S,10S,13S,15S,16S)-Bis(thiazol-5-ylmethyl)-4,15-dihydroxy-10-isopropyl-8,11dioxo-3,6,13,16-tetrabenzyl-2,7,9,12,17-pentaazaoctadecanedioate.
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Ritonavir RS
USP Ritonavir Related Compound Mixture RS
2S (USP36)

BRIEFING
Sulfacetamide, USP 35 page 4701. As part of the USP monograph modernization initiative, it is
proposed to make the following changes:
1.
Replace the nonspecific Identification test B with more specific chromatographic
retention times from the Assay.
2.
Replace the Assay based on nitrite titration with an HPLC procedure for Organic
Impurities adapted from the EP monograph for Sulfacetamide Sodium. The liquid
chromatographic procedure in the Assay is based on analysis performed with the
LiChrospher 100 RP-18e brand of L1 column. The typical retention time of
sulfacetamide is about 4 min.
3.
Delete the nonspecific Melting Range test. This test is no longer necessary because a
specific HPLC-based test for Organic Impurities is added.
4.
Add an Organic Impurities test based on the HPLC method from the EP monograph for
Sulfacetamide Sodium. The liquid chromatographic procedure in the Organic
Impurities is based on analysis performed with the YMC-Pac-ODS AQ brand of L1
column. The typical retention time of sulfacetamide is about 6 min.
(SM1: L. Santos.)
Correspondence Number—C110579

Comment deadline: November 30, 2012
Sulfacetamide

C8 H10 N2 O3 S

214.24

Acetamide, N-[(4-aminophenyl) sulfonyl]-;
N-Sulfanilylacetamide
[144-80-9].
DEFINITION
Sulfacetamide contains NLT 99.0% and NMT 100.5% of sulfacetamide (C8 H10 N2 O3 S), calculated
on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
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Change to read:
• B.
Sample: 500 mg of sulfacetamide
Analysis: Place the Sample in a test tube, and heat gently until it boils and cool.
Acceptance criteria: An oily liquid, which has the characteristic odor of acetamide,
condenses on the walls of the test tube (distinction from the sublimates of sulfadiazine,
sulfamerazine, sulfamethazine, and sulfapyrazine, which are solids at room temperature).
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
ASSAY
Change to read:
• Procedure Proceed with Sulfacetamide as directed under Nitrite Titration 451 . Each mL
of 0.1 M sodium nitrite is equivalent to 21.42 mg of sulfacetamide (C8 H10 N2 O3 S).
Solution A: 1% glacial acetic acid
Solution B: Methanol
Diluent: Methanol and Solution A (10:90)
Mobile phase See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
5
90
10
9.5
10
90
9.6
90
10
14
90
10
Standard solution: 0.2 mg/mL of USP Sulfacetamide RS in Diluent. Sonicate for 5 min to
dissolve.
Sample solution: 0.2 mg/mL of Sulfacetamide in Diluent. Sonicate for 5 min to dissolve.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4-mm × 12.5-cm; 5-µm packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.9–1.8, Standard solution
Relative standard deviation: NMT 0.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sulfacetamide (C8 H10 N2 O3 S) in the portion of
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Sulfacetamide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of sulfacetamide from the Sample solution
rS= peak response of sulfacetamide from the Standard solution
C=
S concentration of USP Sulfacetamide RS in the Standard solution (mg/mL)
C=
S concentration of Sulfacetamide in the Sample solution (mg/mL)
Acceptance criteria: 99.0%–100.5% on the dried basis 2S (USP36)
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Sulfate
Sample: 1 g

221

Analysis: Digest the Sample with 50 mL of water at about 70 for 5 min. Cool immediately
to room temperature, and filter.
Acceptance criteria: 0.04%; a 25-mL portion of the filtrate shows no more sulfate than
corresponds to 0.2 mL of 0.02 N sulfuric acid.
• Selenium 291
Sample: 200 mg
Acceptance criteria: 30 ppm
• Heavy Metals, Method II

231 : NMT 20 ppm

Add the following:
• Organic Impurities
Mobile phase: Methanol, water, and glacial acetic acid (10:89:1)
Diluent: Methanol and Solution A (10:90)
System suitability solution: 0.2 mg/mL of USP Sulfacetamide RS and 0.05 mg/mL of USP
Sulfanilamide RS in Diluent. Sonicate for 5 min to dissolve.
Standard solution: 2 µg/mL of USP Sulfacetamide RS and 4 µg/mL of USP Sulfanilamide RS
in water
Sample solution: 2 mg/mL of Sulfacetamide in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5.0 between sulfacetamide and sulfanilamide, System suitability
solution
Tailing factor: NMT 1.5 for sulfacetamide, Standard solution
Relative standard deviation: NMT 2.0% for sulfacetamide, Standard solution
Analysis

PF 38(5): Sep.-Oct. 2012

997

Samples: Standard solution and Sample solution
Calculate the percentage of sulfanilamide in the portion of Sulfacetamide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of sulfanilamide from the Sample solution
rS= peak response of sulfanilamide from the Standard solution
C=
S concentration of USP Sulfanilamide RS in the Standard solution (mg/mL)
C=
U concentration of Sulfacetamide in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Sulfacetamide
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of sulfacetamide from the Standard solution
C=
S concentration of USP Sulfacetamide RS in the Standard solution (mg/mL)
C=
U concentration of Sulfacetamide in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Sulfanilamide
0.6
0.2
Sulfacetamide
1.0
—
Any single unspecified impurity
—
0.10
Total impurities
—
0.5
2S (USP36)

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 0.5%
Delete the following:
• Melting Range or Temperature, Class I 741 : 181 –184 2S (USP36)
• Reaction
Sample solution: 6.67 mg/mL
Acceptance criteria: Acid to litmus
• Clarity and Color of Solution
Sample: 200 mg
Analysis: Dissolve the Sample in 5 mL of 1 N sodium hydroxide.
Acceptance criteria: A yellow to faintly yellow solution having NMT a trace of turbidity is
produced.
ADDITIONAL REQUIREMENTS
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• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Sulfacetamide RS
USP Sulfanilamide RS
p-Aminobenzenesulfonamide.
C6 H8 N2 O2 S
172.20 2S (USP36)
BRIEFING
Sulfacetamide Sodium, USP 35 page 4701. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1.
Delete the nonspecific Identification test A based on melting range determination. The
remaining Identification tests are capable of identifying the drug substance.
2.
Replace the nonspecific Identification test B with more specific chromatographic
retention times from the Assay.
3.
Replace the Assay based on nitrite titration with an HPLC procedure for Organic
Impurities adapted from the EP monograph for Sulfacetamide Sodium. The liquid
chromatographic procedure in the Assay is based on analysis performed with the
YMC-Pac-ODS AQ brand of L1 column. The typical retention time of sulfacetamide is
about 6 min. The LiChrospher 100 RP-18e brand of L1 column is a suitable alternate
column for this test.
4.
Replace the nonspecific test for Ordinary Impurities with an HPLC procedure for Organic
Impurities. The liquid chromatographic procedure in the Organic Impurities test is
based on analysis performed with the YMC-Pac-ODS AQ brand of L1 column. The
typical retention time of sulfacetamide is about 6 min.
(SM1: L. Santos.)
Correspondence Number—C110579

Comment deadline: November 30, 2012
Sulfacetamide Sodium

C8 H9 N2 NaO3 S·H2 O
254.24
C8 H9 N2 NaO3 S
236.23
Acetamide, N-[(4-aminophenyl) sulfonyl]-, monosodium salt, monohydrate;
N-Sulfanilylacetamide monosodium salt monohydrate
[6209-17-2].
Anhydrous
[127-56-0].
DEFINITION
Sulfacetamide Sodium contains NLT 99.0% and NMT 100.5% of sulfacetamide
sodium(C8 H9 N2 NaO3 S), calculated on the anhydrous basis.
IDENTIFICATION
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Change to read:
• A.
Sample solution: 1 g in 25 mL of water
Analysis: Adjust the Sample solution with 6 N acetic acid to a pH between 4 and 5, filter.
Wash the precipitate with water, and dry at 105 for 2 h.
Acceptance criteria: The sulfacetamide melts between 180 and 184 .
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. 2S (USP36)
Delete the following:
• B.
Sample: 500 mg of the sulfacetamide obtained in Identification test A
Analysis: Place the Sample in a test tube, and heat gently until it boils.
Acceptance criteria: An oily liquid, which has the characteristic odor of acetamide,
condenses on the walls of the test tube (distinction from the sublimates of sulfadiazine,
sulfamerazine, and sulfamethazine, which are solids at room temperature). 2S (USP36)
Change to read:
• C.
B. 2S (USP36)
Sample solution: 1 g in 25 mL of water
Analysis: Adjust the Sample solution with 6 N acetic acid to a pH of 4–5, and filter. Wash
the precipitate with water, and use the filtrate.
Acceptance criteria: The filtrate responds to the test for Identification Tests—General,
Sodium

191 .

Change to read:
• D.
C. 2S (USP36)
Sample solution: 100 mg in 5 mL of water
Analysis: Add 5 drops of cupric sulfate TS to the Sample solution.
Acceptance criteria: A light bluish green precipitate is formed, and it remains unchanged
on standing.
Change to read:
• E.
D. 2S (USP36)
Sample solution: 500 mg in 10 mL of dilute hydrochloric acid (1 in 10)
Analysis 1: To about one-half of the Sample solution add 2 mL of trinitrophenol TS.
Acceptance criteria 1: A very heavy flocculent or almost gelatinous precipitate is formed.
Analysis 2: To the remainder of the Sample solution add 3 drops of formaldehyde TS.
Acceptance criteria 2: A white precipitate is formed, and it changes to orange on
standing (distinction from sulfamethoxypyridazine).
ASSAY
Change to read:
• Procedure
Proceed with Sulfacetamide Sodium as directed under Nitrite Titration

451 . Each mL of
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0.1 M sodium nitrite is equivalent to 23.62 mg of sulfacetamide sodium (C8 H9 N2 NaO3 S).
Solution A: 1% glacial acetic acid
Solution B: Methanol
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
5
90
10
9.5
10
90
9.6
90
10
14
90
10
Standard solution: 0.2 mg/mL of USP Sulfacetamide Sodium RS in water
Sample solution: 0.2 mg/mL of Sulfacetamide Sodium in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: 0.9–1.8, Standard solution
Relative standard deviation: NMT 0.5% for sulfacetamide, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sulfacetamide sodium (C8 H9 N2 NaO3 S) in the portion of
Sulfacetamide Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of sulfacetamide from the Sample solution
rS= peak response of sulfacetamide from the Standard solution
C=
S concentration of USP Sulfacetamide Sodium RS in the Standard solution (mg/mL)
C=
S concentration of Sulfacetamide Sodium in the Sample solution (mg/mL)
Acceptance criteria: 99.0%–100.5% on the anhydrous basis 2S (USP36)
IMPURITIES
• Selenium 291
Sample: 200 mg
Acceptance criteria: 30 ppm
• Heavy Metals
Sample: 1.0 g
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Analysis: Dissolve the Sample in 25 mL of water, and add 5 drops of freshly prepared
sodium sulfide TS.
Acceptance criteria: 20 ppm; any color produced is not darker than that of a control
made with 25 mL of water, 2.0 mL of Standard Lead Solution (see Heavy Metals
and 5 drops of sodium sulfide TS.

231 ),

Change to read:
• Organic Impurities
• Procedure: Ordinary Impurities 466
Standard solution and Sample solution: Methanol
Eluant: Ethyl acetate, methanol, and ammonium hydroxide (17:6:5)
Visualization: 1
Mobile phase: Methanol, water, and glacial acetic acid (10:89:1)
System suitability solution: 0.2 mg/mL of USP Sulfacetamide Sodium RS and 0.05
mg/mL of USP Sulfanilamide RS in Mobile phase
Standard solution: 2 µg/mL of USP Sulfacetamide Sodium RS and 4 µg/mL of USP
Sulfanilamide RS in Mobile phase
Sample solution: 2 mg/mL of Sulfacetamide Sodium in Mobile phase.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5.0 between sulfacetamide and sulfanilamide, System suitability
solution
Tailing factor: NMT 1.5 for sulfacetamide, Standard solution
Relative standard deviation: NMT 2.0% for sulfacetamide, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sulfanilamide in the portion of Sulfacetamide Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of sulfanilamide from the Sample solution
rS= peak response of sulfanilamide from the Standard solution
C=
S concentration of USP Sulfanilamide RS in the Standard solution (mg/mL)
C=
U concentration of Sulfacetamide Sodium in the Sample solution (mg/mL)
Calculate the percentage of any unspecified impurity in the portion of Sulfacetamide
Sodium taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of any unspecified impurity from the Sample solution
rS= peak response of sulfacetamide from the Standard solution
C=
S concentration of USP Sulfacetamide Sodium RS in the Standard solution (mg/mL)
C=
U concentration of Sulfacetamide Sodium in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Sulfanilamide
0.6
0.2
Sulfacetamide
1.0
—
Any single unspecified impurity
—
0.10
Total impurities
—
0.5
2S (USP36)

SPECIFIC TESTS
• pH 791
Sample solution: 50 mg/mL
Acceptance criteria: 8.0–9.5
• Water Determination, Method I

921 : NMT 8.1%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Sulfacetamide Sodium RS
USP Sulfanilamide RS
p-Aminobenzenesulfonamide.
C6 H8 N2 O2 S
172.20 2S (USP36)
BRIEFING
Troleandomycin, USP 35 page 4965. It is proposed to omit this monograph for the following
reasons. No drug products formulated with Troleandomycin are currently marketed in the United
States. Drug products containing Troleandomycin are currently not used in veterinary medicine
in the United States.
(SM1: A. Wise.)

Correspondence Number—C115362

Comment deadline: November 30, 2012
Delete the following:
Troleandomycin
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813.97

Oleandomycin, triacetate (ester).
Triacetyloleandomycin [[2751-09-9]].

» Troleandomycin contains the equivalent of not less than 750 µg of
oleandomycin (C 35 H 61 NO 12 ) per mg.
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Troleandomycin RS
Identification—
A: Dissolve about 10 mg in 5 mL of hydrochloric acid, and heat in a water bath: a greenish
yellow color is produced.
B: Prepare a solution of it in methanol containing 10 mg per mL. Apply 5 µL of this test solution,
5 µL of a methanol solution of USP Troleandomycin RS containing 10 mg per mL (Standard
solution), and 5 µL of a mixture of the two solutions (1:1) to a suitable thin-layer
chromatographic plate (see Chromatography 621 ) coated with a 0.25-mm layer of
chromatographic cellulose. Allow the spots to dry, and develop the chromatogram in a solvent
system of ammonium carbonate solution (1 in 100) until the solvent front has moved threefourths of the length of the plate. Remove the plate from the developing chamber, mark the
solvent front, and allow the plate to dry. Expose the plate to iodine vapors in a closed chamber
for about 20 minutes, and locate the spots: the RF value of the principal spot obtained from the
test solution and from the mixture of the test solution and the Standard solution corresponds
to that obtained from the Standard solution.
Crystallinity

695 : meets the requirements.

pH 791 : between 7.0 and 8.5, in a solution of alcohol and water (1:1) containing 100 mg
per mL.
Loss on drying

731 —Dry about 100 mg in vacuum at a pressure not exceeding 5 mm of

mercury at 60 for 3 hours: it loses not more than 1.0% of its weight.
Residue on ignition

281 : not more than 0.1%.

Content of acetyl—Transfer about 30 mg, accurately weighed, to a three-neck, ground-glass
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jointed 50-mL flask fitted with a glass-stoppered funnel in the center neck, and a condenser
and a gas inlet with a bubble counter in the other two necks. Add 2 mL of methanol to the flask
to dissolve the Troleandomycin, and, slowly with swirling, add 1 mL of 2 N sodium hydroxide and
a boiling chip. Allow nitrogen to flow into the flask at a rate of about 2 bubbles per second. Add
about 5 mL of water to the funnel, and heat the flask. Allow to reflux for 30 minutes. Allow the
assembly to cool slightly, and rinse the condenser with about 3 mL of water, collecting the
rinsings in the flask. Change the condenser to the distillation position, and add water from the
funnel to make a total of 5 mL added to the flask. Heat the flask, and collect about 5 mL of
distillate in about 10 minutes. Discard the distillate, and allow the flask to cool slightly. Add 1
mL of 12 N sulfuric acid to the flask through the funnel. Heat the flask, and collect about 20 mL
of distillate in about 20 minutes, adding more water from time to time through the funnel to
maintain the volume in the flask at about 2 to 3 mL. As the distillation proceeds, treat the first
fraction as follows. Boil gently for about 20 seconds, and add a few drops of barium chloride
TS: no turbidity is produced. Add 1 drop of phenolphthalein TS, and titrate the solution with
0.015 N sodium hydroxide VS until a permanent pale pink color is produced. Collect a second,
10-mL, fraction, and treat it as directed for the first fraction, beginning with “Boil gently for
about 20 seconds.” If the second fraction consumes more than 0.1 mL of 0.015 N sodium
hydroxide, collect a third, 10-mL, fraction, and treat as directed for the first fraction, beginning
with “Boil gently for about 20 seconds.” Each mL of 0.015 N sodium hydroxide is equivalent to
0.6458 mg of CH3 CO: between 15.3% and 16.0% is found.
Assay—Proceed with Troleandomycin as directed for troleandomycin under Antibiotics—
Microbial Assays

81 .

2S (USP36)

BRIEFING
Troleandomycin Capsules, USP 35 page 4966. It is proposed to omit this monograph for
the following reasons. No drug products formulated as defined under Troleandomycin Capsules
are currently marketed in the United States. Troleandomycin Capsules are currently not used in
veterinary medicine in the United States.
(SM1: A. Wise.)

Correspondence Number—C115362

Comment deadline: November 30, 2012
Delete the following:
Troleandomycin Capsules

» Troleandomycin Capsules contain the equivalent of not less than 90.0
percent and not more than 120.0 percent of the labeled amount of
oleandomycin (C 35 H 61 NO 12 ).
Packaging and storage—Preserve in tight containers.
USP Reference standards 11 —
USP Troleandomycin RS
Identification—Suspend mixed Capsule contents, equivalent to about 200 mg of oleandomycin
(C35 H61 NO12 ), in 20 mL of chloroform, allow to settle, and filter. Using the filtrate so obtained
as the test solution, proceed as directed in Identification test B under Troleandomycin: the
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specified result is obtained.
Loss on drying

731 —Dry about 100 mg, accurately weighed, of Capsule contents in a

capillary-stoppered bottle in vacuum at 60 for 3 hours: it loses not more than 5.0% of its
weight.
Assay—Place not less than 5 Capsules in a high-speed glass blender jar containing 500.0 mL of
a mixture of isopropyl alcohol and water (4:1), and blend for 4 ± 1 minutes. Dilute this solution
quantitatively with the same solvent to obtain a stock test solution containing the equivalent
of about 1 mg of oleandomycin (C35 H61 NO12 ) per mL. Proceed as directed for troleandomycin
under Antibiotics—Microbial Assays 81 , using an accurately measured volume of this stock
test solution diluted quantitatively with water to yield a Test Dilution having a concentration
assumed to be equal to the median dose level of the Standard. 2S (USP36)
BRIEFING
Zolpidem Tartrate Tablets, page 5559 of the First Supplement to USP 35. On the basis of
comments received, it is proposed to replace the isocratic HPLC procedure in the test for
Organic Impurities with a gradient elution procedure, because the proposed procedure is
able to separate the specified impurities included in the official monograph in addition to
other specified impurities. The liquid chromatographic procedure is based on analyses
performed with the Waters Corporation, Nova-Pak C18 brand of L1 column. The typical
retention time for zolpidem is about 21 min. Consequently, the use of USP Zolpidem
Impurities Mixture RS is replaced with USP Zolpidem Related Compound A RS in the USP
Reference Standards

11

section to support the revised System suitability requirements.

(SM4: R. Ravichandran.)
Correspondence Number—C101602

Comment deadline: November 30, 2012
Zolpidem Tartrate Tablets
DEFINITION
Zolpidem Tartrate Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
zolpidem tartrate (C42 H48 N6 O8 ).
IDENTIFICATION
• A. Ultraviolet Absorption 197U : The spectrum of the Sample solution in the Dissolution
test corresponds to that of the Standard solution.
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 3.4 g/L of monobasic potassium phosphate in water, adjusted with ammonium
hydroxide to a pH of 5.5
Mobile phase: Acetonitrile, methanol, and Buffer (3:2:5)
Standard stock solution: 0.8 mg/mL of USP Zolpidem Tartrate RS in 0.01 M hydrochloric
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acid
Standard solution: 0.16 mg/mL of USP Zolpidem Tartrate RS in Mobile phase from the
Standard stock solution
Sample stock solution: Transfer NLT 20 Tablets to a suitable volumetric flask to obtain a
solution having a concentration of 0.4 mg/mL of zolpidem tartrate. Add 40% of the flask
volume of 0.125 N hydrochloric acid. Mix well until the Tablets disintegrate, then add 50%
of the flask volume of Mobile phase. Dilute with water to volume, and stir for 30 min using
a magnetic stirrer. Allow solid particles to settle, and pass the supernatant through a
suitable filter (e.g., Whatman No. 40 filter or equivalent).
Sample solution: 0.16 mg/mL of zolpidem tartrate in Mobile phase, from the filtered
Sample stock solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 3.0 for zolpidem
Relative standard deviation: NMT 2.0% for zolpidem
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of zolpidem tartrate (C42 H48 N6 O8 ) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Zolpidem Tartrate RS in the Standard solution (mg/mL)
C=
U nominal concentration of zolpidem tartrate in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Test 1 (RB 1-Feb-2011)
Medium: 0.01 N hydrochloric acid; 900 mL, deaerated
Apparatus 2: 50 rpm
Time: 15 min
Standard solution: (L/1000) mg/mL of USP Zolpidem Tartrate RS in Medium, where L is
the label claim in mg/Tablet
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Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Detection: UV 295 nm
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 295 nm
2S (USP36)

Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of zolpidem tartrate (C42 H48 N6 O8 ) dissolved:
Result = (AU/AS) × (CS/L) × V × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
Tolerance: NLT 80% (Q) of the labeled amount of zolpidem tartrate (C42 H48 N6 O8 ) is dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 20 min
Standard solution: (L/900) mg/mL of USP Zolpidem Tartrate RS in Medium, where L is the
label claim in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter.
Detection: UV 295 nm
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 295 nm
2S (USP36)

Blank: Medium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of zolpidem tartrate (C42 H48 N6 O8 )
dissolved:
Result = (AU/AS) × (CS/L) × V × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
L= label claim (mg/Tablet )
V= volume of Medium, 900 mL
Tolerance: NLT 80% (Q) of the labeled amount of zolpidem tartrate (C42 H48 N6 O8 ) is
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dissolved.
(RB 1-Feb-2011)

• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Buffer, Mobile phase, Standard stock solution, Sample solution, and
Chromatographic system: Proceed as directed in the Assay.
System suitability solution: 2 mg/mL of USP Zolpidem Impurities Mixture RS, prepared by
dissolving the weighed amount of USP Zolpidem Impurities Mixture RS in 10% of the flask
volume of 0.01 N hydrochloric acid, and diluting with Mobile phase to volume.
Standard solution: 8 µg/mL of USP Zolpidem Tartrate RS in Mobile phase from the
Standard stock solution
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between zolpidem related compound B and zolpidem related
compound C, System suitability solution
Tailing factor: NMT 2.0 for the zolpidem peak, Standard solution
Relative standard deviation: NMT 10.0% for the zolpidem peak, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of zolpidem from the Standard solution
C=
S concentration of USP Zolpidem Tartrate RS in the Standard solution (mg/mL)
C=
U concentration of zolpidem tartrate in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: See Impurity Table 1.
Total impurities: NMT 0.5%
Impurity Table 1
Name

Zolpidem acida
Zolpidem related compound Bb
Zolpidem related compound Cc
Zolpidem tartrate
Zolpidem carbaldehyded
Any individual unspecified degradation product

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.23
0.3
0.58
0.3
0.70
0.3
1.0
—
1.45
0.3
—
0.2
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a 2-(6-Methyl-2-p-tolylimidazo[1,2- ]pyridin-3-yl)acetic acid.
b N,N-Dimethyl-2-(6-methyl-2-p-tolylimidazo[1,2-a]pyridin-3-yl)-2-oxoacetamide.
c 4-Methyl-N-(5-methylpyridin-2-yl)benzamide.
d 6-Methyl-2-p-tolylimidazo[1,2- ]pyridine-3-carbaldehyde.
Solution A: 3.3 mL/L of phosphoric acid in water. Adjust with triethylamine to a pH of
6.0.
Solution B: Acetonitrile
Solution C: Methanol
Diluent: Solution B, Solution C, and Solution A (15:10:75)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B Solution C
(min)
(%)
(%)
(%)
0
76
14
10
35.0
48
16
36
36.5
48
16
36
37.5
76
14
10
42.0
76
14
10
System suitability solution: 0.5 mg/mL of USP Zolpidem Tartrate RS and 0.8 µg/mL of
USP Zolpidem Related Compound A RS in Diluent
Standard solution: 5 µg/mL of USP Zolpidem Tartrate RS in Diluent
Sample solution: Nominally equivalent to 0.5 mg/mL of zolpidem tartrate in Diluent, from
NLT 10 Tablets prepared as follows. Transfer the Tablets to a suitable volumetric flask,
add Diluent to fill 70% of final flask volume, and stir for 30 min. Dilute with Diluent to
volume. Centrifuge a portion of the solution, and use the clear supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 3.9-mm × 15-cm; 4-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between the zolpidem and zolpidem related compound A peaks,
System suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of zolpidem from the Standard solution
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C=
S concentration of USP Zolpidem Tartrate RS in the Standard solution (mg/mL)
C=
U nominal concentration of zolpidem tartrate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

Name
Tolyloyl propionic acida
0.15
1.2
0.15
Zolpidem acidb
0.18
1.0
0.3
c
Tolyloyl propionamide
0.54
1.1
0.2
d
Tolyloyl acrylamide
0.65
0.62
0.15
Zolpidem related compound Be
0.83
1.1
0.3
f
Zolpidem related compound A
0.91
1.1
0.15
Zolpidem
1.0
—
—
g
Tolyloyl bromopropionamide
1.14
0.45
0.15
Zolpidem related compound Ch
1.20
1.1
0.3
Zolpidem carbaldehydei
1.65
1.4
0.3
Any individual unspecified degradation
—
product
1.0
0.2
Total impurities
—
—
0.5
a p-Methylbenzoyl propionic acid.
b 2-(6-Methyl-2-p-tolylimidazo[1,2-a]pyridin-3-yl)acetic acid.
c N,N-Dimethyl-4-oxo-4-(p-tolyl)butanamide.
d N,N-Dimethyl-4-oxo-4-(p-tolyl)but-2-enamide.
e N,N-Dimethyl-2-(6-methyl-2-p-tolylimidazo[1,2-a]pyridin-3-yl)-2-oxoacetamide.
f N,N-Dimethyl-2-(7-methyl-2-p-tolylimidazo[1,2-a]pyridin-3-yl)acetamide.
g 3-Bromo-N,N-dimethyl-4-oxo-4-(p-tolyl)butanamide.
h 4-Methyl-N-(5-methylpyridin-2-yl)benzamide.
i 6-Methyl-2-p-tolylimidazo[1,2-a]pyridine-3-carbaldehyde.
2S (USP36)

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at controlled room
temperature.
Add the following:
• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used. (RB 1-Feb-2011)
Change to read:
• USP Reference Standards 11
USP Zolpidem Impurities Mixture RS
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Contains at least 98.5% of zolpidem tartrate; 0.2% of zolpidem tartrate related
compound B (N,N,6-trimethyl-2-(4-methylphenyl)imidazo[1,2-a]pyridine-3-(2oxoacetamide)); and 0.2% of zolpidem tartrate related compound C (5-methyl-2-(4methylbenzamido)pyridine).
USP Zolpidem Related Compound A RS
N,N-Dimethyl-2-(7-methyl-2-p-tolylimidazo[1,2-a]pyridin-3-yl)acetamide.
C19 H21 N3 O
307.39 2S (USP36)
USP Zolpidem Tartrate RS
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participatingpharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
BRIEFING
Petrolatum. The United States Pharmacopeia is the coordinating pharmacopeia for the
international harmonization of the compendial standards for the Petrolatum monograph, as
part of the process of international harmonization of monographs and general analytical
methods of the European, Japanese, and United States pharmacopeias. The following
monograph, which is the OFFICIAL INQUIRY STAGE 4, REVISION 1 document, is based on
the OFFICIAL INQUIRY STAGE 4 draft published in PF 35(5) [Sept.–Oct. 2009] and
comments from the European Pharmacopoeia and the Japanese Pharmacopoeia. Changes
from the OFFICIAL INQUIRY STAGE 4 from PF 35(5) include the following:
1.
Definition. Place the term “semisolid” before the word “mixture” instead of before the
word “hydrocarbons” for clarity.
2.
Identification test A. Add description in earlier version to include sample preparation at
the request of JP.
3.
Identification test B. The test for Color is moved from Specific Tests as a means to
distinguish between Petrolatum and White Petrolatum. The lower limit as suggested
by EP is added to this monograph to make this distinction.
4.
Identification test C. Drop point is recommended as an Identification test to distinguish
Petrolatum from materials such as mineral oil that have similar IR spectra. This test
replaces Melting Range or Temperature, Class III, which is deleted.
5.
Residue on Ignition. At the request of EP, a tighter limit is proposed for public comment.
6.
Polycyclic Aromatic Hydrocarbons. EP had asked whether FDA had a position on what
would be an appropriate limit for PAH. Limits for PAH on White Mineral Oil and
Petroleum Wax in 21 CFR 172.878 are far lower than the 300 ppm proposed by EP.
FDA did not oppose the proposed limit of 300 ppm going forward at Stage 4.
7.
Consistency. This test will be listed as a nonharmonized attribute. It will remain as a
test required only when stated on the labeling.
8.
Alkalinity and Acidity. Replaced tests with one test, Acidity or Alkalinity, using the EP
procedure, which requires a set limit on the amount of base required to change the
indicator to pink. The previous USP tests were only qualitative assessments of color.
9.
Organic Acids and Fixed Oils, Fats, and Rosin. Tests are deleted as they are deemed not
necessary.
10.
Description and Solubility. Removed statements on odor and taste.
11.
Packaging and Storage and Labeling. Will be listed as nonharmonized attributes.
(EXC: Kevin Moore.)
Correspondence Number—C105965

Comment deadline: November 30, 2012
Add the following:
Petrolatum
DEFINITION
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Petrolatum is a purified semisolid mixture of hydrocarbons obtained from petroleum. It may
contain a suitable antioxidant.
IDENTIFICATION
• A. Infrared Absorption 197F : Obtained by spreading a thin film of melted test specimen
between sodium chloride plates
• B. Color
Sample: 10 g
Analysis: Melt the Sample on a steam bath, and pour 5 mL of the liquid into a clear-glass
15-mm × 150-mm test tube, keeping the petrolatum melted.
Acceptance criteria: The petrolatum is not darker than a solution made by mixing 3.8 mL
of ferric chloride CS and 1.2 mL of cobaltous chloride CS in a similar tube, the comparison
of the two being made in reflected light against a white background, the petrolatum tube
being held directly against the background at such an angle that there is no fluorescence.
The petrolatum is of equal or greater color intensity than a mixture of ferric chloride CS:
10 mg/mL of hydrochloride acid (1:9) measured under these conditions.
• C. Drop Point
Apparatus: The apparatus (see Figure 1) consists of two metal sheaths (A and B) screwed
together. Sheath A is fixed to a mercury thermometer. A metal cup is loosely fixed to the
lower part of sheath B by means of two tightening bands. Fixed supports 2 mm long
determine the exact position of the cup, and in addition are used to center the
thermometer. A hole pierced in the wall of sheath B is used to balance the pressure. The
draining surface of the cup must be flat, and the edges of the outflow orifice must be at
right angles to it. The lower part of the mercury thermometer has the form and size shown
in Figure 1; it covers a range from 0 –110 , and on its scale a distance of 1 mm
represents a difference of 1 . The mercury reservoir of the thermometer has a diameter of
3.5 ± 0.2 mm and a height of 6.0 ± 0.3 mm. The apparatus is placed in the axis of a test
tube about 200 mm long and with an external diameter of about 40 mm. It is fixed to the
test tube by means of a laterally grooved stopper through which the thermometer passes.
The opening of the cup is placed about 15 mm from the bottom of the test tube. The
whole device is immersed in a beaker with a capacity of about 1 L, filled with water. The
bottom of the test tube is placed about 25 mm from the bottom of the beaker. The water
level reaches the upper part of sheath A. A stirrer is used to ensure that the temperature
of the water remains uniform. Alternatively, an automated method can be used.
Procedure: Heat the substance to be examined at 118 –122 , with stirring to ensure
uniformity, then cool to 100 –107 . Warm the metal cup at 103 –107 in an oven, remove
it from the oven, place it on a clean plate or ceramic tile, and pour a sufficient quantity of
the melted sample into the cup to fill it completely. Allow the filled cup to cool for 30 min
on the ceramic tile, and place it in a water bath at 24 –26 for a further 30–40 min. Level
the surface of the sample with a single stroke of a knife or razor blade, avoiding
compression of the sample. Determine the drop point using a starting temperature of 35
and increasing the temperature at a rate of 1 /min. Note the temperature at the fall of
the first drop. Carry out at least three determinations, each time with a fresh sample of
the substance. The difference between the readings must not exceed 3 .
Acceptance criteria: The mean of three readings is the drop point of the substance. The
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drop point is 40 –60 and does not differ by more than 5 from the value stated on the
label.

Figure 1. Apparatus for the determination of drop point. Dimensions in millimeters.
Upper
A. metal sheath
Lower
B. metal sheath
Pressure-balancing
C.
hole
Fixed
D. supports
Tightening
E.
bands
Metal
F. sample cup
IMPURITIES
• Residue on Ignition
Sample: 2 g
Analysis: Heat the Sample in an open porcelain or platinum dish over a Bunsen flame.
Acceptance criteria: It volatilizes and yields NMT 0.05% of residue.
• Polycyclic Aromatic Hydrocarbons
Sample solution: 1.0 g of Petrolatum in 50 mL of hexane that has been previously shaken
twice with 10 mL of dimethyl sulfoxide
Reference solution: 6.0 mg/L of USP Naphthalene RS in dimethyl sulfoxide
Analysis: Transfer the Sample solution to a 125-mL separating funnel with unlubricated
ground-glass parts (stopper, stopcock). Add 20 mL of dimethyl sulfoxide. Shake vigorously
for 1 min, and allow to stand until two clear layers are formed. Transfer the lower layer to
a second separating funnel. Repeat the extraction with a further 20 mL of dimethyl
sulfoxide. Vigorously shake the combined lower layers with 20 mL of hexane for 1 min.
Allow to stand until two clear layers are formed. Separate the lower layer, and dilute with
dimethyl sulfoxide to 50.0 mL. Measure the absorbance over the range 260–420 nm, using
a path length of 4 cm, and, as compensation liquid, the clear lower layer obtained by
vigorously shaking 10 mL of dimethyl sulfoxide with 25 mL of hexane for 1 min. Measure
the absorbance of the Reference solution at the maximum at 278 nm, using a path length
of 4 cm and dimethyl sulfoxide as compensation liquid.
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Acceptance criteria: At no wavelength in the range of 260–420 nm does the absorbance
of the Sample solution exceed that of the Reference solution at 278 nm, corresponding to
NMT 300 ppm.
SPECIFIC TESTS
• Consistency
[Note—Where the labeling indicates the consistency, determine compliance using this test.]
Apparatus: A penetrometer fitted with a polished cone-shaped metal plunger weighing 150
g, having a detachable steel tip of the following dimensions: the tip of the cone has an
angle of 30 , the point being truncated to a diameter of 0.381 ± 0.025 mm, the base of
the tip is 8.38 ± 0.05 mm in diameter, and the length of the tip is 14.94 ± 0.05 mm.
The remaining portion of the cone has an angle of 90 , is 28 mm in height, and has a
maximum diameter at the base of 65 mm. The containers for the test are flat-bottom
metal cylinders that are 100 ± 6 mm in diameter and NLT 65 mm in height. They are
constructed of at least 1.6-mm (16-gauge) metal and are provided with well-fitting,
watertight covers.
Sample: Petrolatum
Analysis: Place the required number of containers in an oven, and bring them and a
quantity of Sample to a temperature of 82 ± 2.5 . Pour the Sample into one or more of
the containers, filling to within 6 mm of the rim. Cool to 25 ± 2.5 over a period of NLT 16
h, protected from drafts. Two h before the test, place the containers in a water bath at
25 ± 0.5 . If the room temperature is below 23.5 or above 26.5 , adjust the
temperature of the cone to 25 ± 0.5 by placing it in the water bath.
Without disturbing the surface of the substance under test, place the container on the
penetrometer table, and lower the cone until the tip just touches the top surface of the
test substance at a spot 25–38 mm from the edge of the container. Adjust the zero
setting, quickly release the plunger, then hold it free for 5 s. Secure the plunger, and read
the total penetration from the scale. Make three or more trials, each so spaced that there
is no overlapping of the areas of penetration. Where the penetration exceeds 20 mm, use
a separate container of the test substance for each trial. Read the penetration to the
nearest 0.1 mm. Calculate the average of the three or more readings, and conduct further
trials to a total of 10 if the individual results differ from the average by more than ±3%.
Acceptance criteria: The final average of the trials is NLT 10.0 mm and NMT 30.0 mm,
indicating a consistency value of 100–300.
• Acidity or Alkalinity
Sample: 10 g
Analysis: To the Sample add 20 mL of boiling water, and shake vigorously for 1 min. Allow
to cool, and decant. To 10 mL of the aqueous layer add 0.1 mL of phenolphthalein TS.
Acceptance criteria: The solution is colorless. NMT 0.5 mL of 0.01 M sodium hydroxide is
required to change the color of the indicator to pink or red.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light.
• Labeling: Label it to indicate the name and proportion of any added antioxidant. Where the
labeling indicates the consistency, determine compliance using the test for Consistency.
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• USP Reference Standards 11
USP Naphthalene RS
• Description and Solubility
Petrolatum: Unctuous yellowish to light amber mass, having not more than a slight
fluorescence even after being melted. Is transparent in thin layers. Freely soluble in
benzene, in carbon disulfide, in chloroform, and in turpentine oil; soluble in ether, in
solvent hexane, and in most fixed and volatile oils; practically insoluble in cold and hot
alcohol and in cold dehydrated alcohol; insoluble in water.
BRIEFING
White Petrolatum. The United States Pharmacopeia is the coordinating pharmacopeia for the
international harmonization of the compendial standards for the White Petrolatum
monograph, as part of the process of international harmonization of monographs and general
analytical methods of the European, Japanese, and United States Pharmacopeias. The
following monograph, which represents the OFFICIAL INQUIRY STAGE 4, REVISION 1
document, is based on the OFFICIAL INQUIRY STAGE 4 draft published in PF 35(5) [Sept.–
Oct. 2009] and comments from the European Pharmacopoeia and the Japanese
Pharmacopoeia. Changes from the OFFICIAL INQUIRY STAGE 4 from PF 35(5) include the
following:
1.
Definition. Place the term “semisolid” before the word “mixture” instead of before the
word “hydrocarbons,” and add the statement “and wholly or nearly decolorized” for
clarity.
2.
Identification test A. Add description in earlier version to include sample preparation at
the request of JP.
3.
Identification test B. The test for Color is moved from Specific Tests as a means to
distinguish between Petrolatum and White Petrolatum. The lower limit as suggested
by EP is added to this monograph to make this distinction.
4.
Identification test C. Drop point is recommended as an Identification test to distinguish
Petrolatum from materials such as mineral oil that have similar IR spectra. This test
replaces Melting Range or Temperature, Class III, which is deleted.
5.
Residue on Ignition. At the request of EP, a tighter limit is proposed for public comment.
6.
Polycyclic Aromatic Hydrocarbons. EP had asked whether FDA had a position on what
would be an appropriate limit for PAH. Limits for PAH on White Mineral Oil and
Petroleum Wax in 21 CFR 172.878 are far lower than the 300 ppm proposed by EP.
FDA did not oppose the proposed limit of 300 ppm going forward at Stage 4.
7.
Consistency. This test will be listed as a nonharmonized attribute. It will remain as a
test required only when stated on the labeling.
8.
Alkalinity and Acidity. Replace tests with one test, Acidity or Alkalinity, using EP
procedure, which requires a set limit on the amount of base required to change the
indicator to pink. The previous USP tests were only qualitative assessments of color.
9.
Organic Acids and Fixed Oils, Fats, and Rosin. Tests are deleted as they are deemed not
necessary.
10.
Description and Solubility. Remove statements on odor and taste.
11.
Packaging and Storage and Labeling. Will be listed as nonharmonized attributes.
(EXC: K. Moore.)
Correspondence Number—C101850
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Comment deadline: November 30, 2012
Add the following:
White Petrolatum
DEFINITION
White Petrolatum is a purified and wholly or nearly decolorized semisolid mixture of
hydrocarbons obtained from petroleum. It may contain a suitable antioxidant.
IDENTIFICATION
• A. Infrared Absorption 197F : Obtained by spreading a thin film of melted test specimen
between sodium chloride plates
• B. Color
Sample: 10 g
Standard: Ferric chloride CS and 10 mg/mL of hydrochloric acid (1:9)
Analysis: Melt the Sample on a steam bath, and pour 5 mL of the liquid into a clear-glass
15-mm × 150-mm test tube, keeping the white petrolatum melted.
Acceptance criteria: The white petrolatum is not darker than the Standard in a similar
tube, the comparison of the two being made in reflected light against a white background,
the white petrolatum tube being held directly against the background at such an angle
that there is no fluorescence.
• C. Drop Point
Apparatus: The apparatus (see Figure 1) consists of two metal sheaths (A and B) screwed
together. Sheath A is fixed to a mercury thermometer. A metal cup is loosely fixed to the
lower part of sheath B by means of two tightening bands. Fixed supports 2 mm long
determine the exact position of the cup, and in addition are used to center the
thermometer. A hole pierced in the wall of sheath B is used to balance the pressure. The
draining surface of the cup must be flat, and the edges of the outflow orifice must be at
right angles to it. The lower part of the mercury thermometer has the form and size shown
in Figure 1; it covers a range from 0 –110 , and on its scale a distance of 1 mm
represents a difference of 1 . The mercury reservoir of the thermometer has a diameter of
3.5 ± 0.2 mm and a height of 6.0 ± 0.3 mm. The apparatus is placed in the axis of a test
tube about 200 mm long and with an external diameter of about 40 mm. It is fixed to the
test tube by means of a laterally grooved stopper through which the thermometer passes.
The opening of the cup is placed about 15 mm from the bottom of the test tube. The
whole device is immersed in a beaker with a capacity of about 1 L, filled with water. The
bottom of the test tube is placed about 25 mm from the bottom of the beaker. The water
level reaches the upper part of sheath A. A stirrer is used to ensure that the temperature
of the water remains uniform. Alternatively, an automated method can be used.
Procedure: Heat the substance to be examined at 118 –122 , with stirring to ensure
uniformity, then cool to 100 –107 . Warm the metal cup at 103 –107 in an oven, remove
it from the oven, place it on a clean plate or ceramic tile, and pour a sufficient quantity of
the melted sample into the cup to fill it completely. Allow the filled cup to cool for 30 min
on the ceramic tile, and place it in a water bath at 24 –26 for a further 30–40 min. Level
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the surface of the sample with a single stroke of a knife or razor blade, avoiding
compression of the sample. Determine the drop point using a starting temperature of 35
and increasing the temperature at a rate of 1 /min. Note the temperature at the fall of
the first drop. Carry out at least three determinations, each time with a fresh sample of
the substance. The difference between the readings must not exceed 3 .
Acceptance criteria: The mean of three readings is the drop point of the substance. The
drop point is 40 –60 and does not differ by more than 5 from the value stated on the
label.

Figure 1. Apparatus for the determination of drop point. Dimensions in millimeters.
Upper
A. metal sheath
Lower
B. metal sheath
Pressure-balancing
C.
hole
Fixed
D. supports
Tightening
E.
bands
Metal
F. sample cup
IMPURITIES
• Residue on Ignition
Sample: 2 g
Analysis: Heat the Sample in an open porcelain or platinum dish over a Bunsen flame.
Acceptance criteria: It volatilizes and yields NMT 0.05% of residue.
• Polycyclic Aromatic Hydrocarbons
Sample solution: 1.0 g of White Petrolatum in 50 mL of hexane that has been previously
shaken twice with 10 mL of dimethyl sulfoxide
Reference solution: 6.0 mg/L of USP Naphthalene RS in dimethyl sulfoxide
Analysis: Transfer the Sample solution to a 125-mL separating funnel with unlubricated
ground-glass parts (stopper, stopcock). Add 20 mL of dimethyl sulfoxide. Shake vigorously
for 1 min, and allow to stand until two clear layers are formed. Transfer the lower layer to
a second separating funnel. Repeat the extraction with a further 20 mL of dimethyl
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sulfoxide. Vigorously shake the combined lower layers with 20 mL of hexane for 1 min.
Allow to stand until two clear layers are formed. Separate the lower layer, and dilute with
dimethyl sulfoxide to 50.0 mL. Measure the absorbance over the range 260–420 nm, using
a path length of 4 cm, and, as compensation liquid, the clear lower layer obtained by
vigorously shaking 10 mL of dimethyl sulfoxide with 25 mL of hexane for 1 min. Measure
the absorbance of the Reference solution at the maximum at 278 nm, using a path length
of 4 cm and dimethyl sulfoxide as compensation liquid.
Acceptance criteria: At no wavelength in the range of 260–420 nm does the absorbance
of the Sample solution exceed that of the Reference solution at 278 nm, corresponding to
NMT 300 ppm.
SPECIFIC TESTS
• Consistency [Note—Where the labeling indicates the consistency, determine compliance
using this test.]
Apparatus: A penetrometer fitted with a polished cone-shaped metal plunger weighing 150
g, having a detachable steel tip of the following dimensions: the tip of the cone has an
angle of 30 , the point being truncated to a diameter of 0.381 ± 0.025 mm, the base of
the tip is 8.38 ± 0.05 mm in diameter, and the length of the tip is 14.94 ± 0.05 mm.
The remaining portion of the cone has an angle of 90 , is 28 mm in height, and has a
maximum diameter at the base of 65 mm. The containers for the test are flat-bottom
metal cylinders that are 100 ± 6 mm in diameter and NLT 65 mm in height. They are
constructed of at least 1.6-mm (16-gauge) metal and are provided with well-fitting,
watertight covers.
Sample: White Petrolatum
Analysis: Place the required number of containers in an oven, and bring them and a
quantity of Sample to a temperature of 82 ± 2.5 . Pour the Sample into one or more of
the containers, filling to within 6 mm of the rim. Cool to 25 ± 2.5 over a period of NLT 16
h, protected from drafts. Two h before the test, place the containers in a water bath at
25 ± 0.5 . If the room temperature is below 23.5 or above 26.5 , adjust the
temperature of the cone to 25 ± 0.5 by placing it in the water bath.
Without disturbing the surface of the substance under test, place the container on the
penetrometer table, and lower the cone until the tip just touches the top surface of the
test substance at a spot 25–38 mm from the edge of the container. Adjust the zero
setting, quickly release the plunger, then hold it free for 5 s. Secure the plunger, and read
the total penetration from the scale. Make three or more trials, each so spaced that there
is no overlapping of the areas of penetration. Where the penetration exceeds 20 mm, use
a separate container of the test substance for each trial. Read the penetration to the
nearest 0.1 mm. Calculate the average of the three or more readings, and conduct further
trials to a total of 10 if the individual results differ from the average by more than ±3%.
Acceptance criteria: The final average of the trials is NLT 10.0 mm and NMT 30.0 mm,
indicating a consistency value of 100–300.
• Acidity or Alkalinity
Sample: 10 g
Analysis: To the Sample add 20 mL of boiling water, and shake vigorously for 1 min. Allow
to cool, and decant. To 10 mL of the aqueous layer add 0.1 mL of phenolphthalein TS.
Acceptance criteria: The solution is colorless. NMT 0.5 mL of 0.01 M sodium hydroxide is
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required to change the color of the indicator to pink or red.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light.
• Labeling: Label it to indicate the name and proportion of any added antioxidant. Where the
labeling indicates the consistency, determine compliance using the test for Consistency.
• USP Reference Standards 11
USP Naphthalene RS
• Description and Solubility
White Petrolatum: White or faintly yellowish, unctuous mass, transparent in thin layers
even after cooling to 0 . Insoluble in water; slightly soluble in cold or hot alcohol, and in
cold dehydrated alcohol; freely soluble in benzene, in carbon disulfide, and in chloroform;
soluble in ether, in solvent hexane, and in most fixed and volatile oils.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
The various sections of PF are briefly described below. A more detailed description of each
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section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within 90
Interim
Revision Announcements
days of the PF publication in which the
Revision
(IRAs) that will be published standard was proposed (or per the comment
Announcements as official USP or NF
deadline listed in the Briefing section). Direct
standards
comments to the USP Scientific Liaison using
BRIEFING: Scientific
the contact information provided at the end of
rationale for proposed
each Proposed IRA
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
In-Process
Proposals for standards that Review material and send comments within 90
Revision
will be published as official in days of the PF publication in which the revision
a future USP–NF book or
was proposed (or per the comment deadline
Supplement.
listed in the Briefing section). Direct comments
BRIEFING: Scientific
to the USP Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include other proposed revision. For general inquiries or in
information useful to the
cases where a Scientific Liaison is not
analyst, such as the brand identified, use the general USP telephone
name of the column used in number 301-881-0666 or fax number 301-998developing the proposed
6839 or stdsmonographs@usp.org.
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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This section presents an overview of the public review and comment process, conducted
through Pharmacopeial Forum (PF), for the development of official standards in the United
States Pharmacopeia and the National Formulary (USP–NF).
USP publishes PF on a bimonthly basis to provide an opportunity to review and comment on new
or revised standards.
There are two types of proposed revisions in PF:
1. Proposed Revisions—New or revised standards targeted for adoption through USP’s
Standard Revision Process. USP's Revision Process calls for publication of a proposed
revision in PF for a 90-day notice and comment period. After the comment period and
subsequent review of comments and approval by the relevant USP Expert Committee,
the official standard is published in the next available USP–NF or Supplement. If
comments received are significant, or if the Expert Committee's consideration of
comments results in significant additional changes, the Expert Committee may determine
that republishing in PF is necessary prior to the revision becoming official. See the InProcess Revision section for current proposed revisions.
2. Proposed Interim Revision Announcements—New or revised standards that become
official through an accelerated process in accordance with USP’s Guideline on
Accelerated Revisions (available on the USP Web site). Interim Revision Announcements
(IRAs) allow for a revision to become official prior to the next USP–NF or Supplement.
IRAs are first presented for a 90-day public comment period in the Proposed Interim
Revision Announcement section of the PF. Note that final IRAs, as well as Errata, and
Revision Bulletins, which also are defined in the Accelerated Revision Guideline, appear
only on the USP Web site.
USP welcomes comments and data on proposed revisions. A summary of comments received,
along with USP’s responses, will be published in the Revisions and Commentary section of the
USP website (http://www.usp.org/USPNF/revisions/).
The chart below shows the public review and comment process and its relationship to
standards development.

Questions on the process should be addressed to the USP Executive Secretariat, United States
Pharmacopeia, 12601 Twinbrook Parkway, Rockville, MD 20852 (e-mail: execsec@usp.org).
HOW TO USE PF
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The various sections of PF are briefly described below. A more detailed description of each
section is provided at the beginning of that section. A general description of the types and
amount of information expected in a Request for Revision is available in the Guideline for
Submitting Requests for Revision to the USP–NF on the USP Web site
(www.usp.org/USPNF/submitMonograph/subGuide.html). Note that the Expert Committee listing
and the Scientific Staff Directory also are located on the USP Web site (see below for links).
Proposed and Adopted Revisions to the USP–NF
Section
Content
How Readers Can Respond
Proposed
Proposals for Interim
Review material and send comments within 90
Interim
Revision Announcements
days of the PF publication in which the
Revision
(IRAs) that will be published standard was proposed (or per the comment
Announcements as official USP or NF
deadline listed in the Briefing section). Direct
standards
comments to the USP Scientific Liaison using
BRIEFING: Scientific
the contact information provided at the end of
rationale for proposed
each Proposed IRA
changes. May include other
information useful to the
analyst, such as the brand
name of the column used in
developing the proposed
procedure and the USP
Expert Committee and
Scientific Liaisons who
handled the monograph or
general chapter.
In-Process
Proposals for standards that Review material and send comments within 90
Revision
will be published as official in days of the PF publication in which the revision
a future USP–NF book or
was proposed (or per the comment deadline
Supplement.
listed in the Briefing section). Direct comments
BRIEFING: Scientific
to the USP Scientific Liaison using the contact
rationale for proposed
information provided at the end of each
changes. May include other proposed revision. For general inquiries or in
information useful to the
cases where a Scientific Liaison is not
analyst, such as the brand identified, use the general USP telephone
name of the column used in number 301-881-0666 or fax number 301-998developing the proposed
6839 or stdsmonographs@usp.org.
procedure and the USP
Expert Committee and USP
Scientific Liaisons who
handle the monograph or
general chapter.
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Stage 4
Revision proposals from the
Harmonization Pharmacopoeial Discussion
Group (PDG), which
comprises the European
Pharmacopoeia, the
Japanese Pharmacopoeia,
and USP. The Stage 4 draft
and the briefing are
published in the forum of
each pharmacopeia for
public comment. The draft is
published in its entirety.
BRIEFING: Scientific
rationale for the potential
inclusion or change or for
the proposed change.

Stimuli to the
Revision
Process

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

Other Sections
Expert Committees
A listing of the 2010–2015 Expert Committees that work on the development of USP compendial
standards
(http://www.usp.org/aboutUSP/governance/councilOfExperts/expertCommittees.html)
Staff Directory
Names and contact information of key USP scientific staff members who work on the
development of USP compendial standards
(http://www.usp.org/USPNF/devProcess/contactScientists.html)
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Proposed Interim Revision Announcements
This section includes proposals for Interim Revision Announcements (IRAs) that will be
published as official USP or NF standards. There is a 90-day comment period for these proposals
(see http://www.usp.org/USPNF/pf/pfRedesign.html for the PF comment schedule). Readers
should review material in this section and provide comments to the Scientific Liaison using the
contact information appearing at the end of each proposed IRA. Information on how to
comment can be found under the “Participation” section of www.usp.org. It is important to
send comments promptly so that the Expert Committee members can consider reader’s input as
they are deciding whether to advance standards to official status. The approved official text
will be published under IRAs in the “New Official Text” section of USP's Web site.
Each proposal is preceded by a Briefing that indicates the proposed revisions.
Symbols—New text is enclosed in symbols and set off from the current official text as shown
in the following example:
new text
Where the symbols appear together with no enclosed text, such as
, it means that text has been deleted and no new text was proposed to replace it. In all
revisions, the closing symbol is accompanied by an identifier that indicates the date the
proposal, if approved, will become official as an IRA. For example, (IRA 1-A pr-2011)
BRIEFING
Citalopram Oral Solution, USP 35 page 2682. It is proposed to revise Table 1 in the test for
Organic Impurities and the USP Reference Standards section as follows:
1.
Add the use of a relative response factor of 1.0 for any individual unspecified
degradation products.
2.
Clarify that the process impurities are not to be reported or included in the total
impurities.
3.
Update the chemical information for impurities, and indicate that USP Citalopram Related
Compound D RS may be available in either the hydrochloride or hydrobromide salt
form. The salt form has no impact on the suitability of the USP RS for the compendial
uses in this monograph because this Reference Standard is used qualitatively.
In addition, several editorial changes have been made to update the monograph to the current
USP style.
The comment period for this revision ends January 31, 2013. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement, with an official date of May 1, 2013.
(SM4: H. Joyce.)
Correspondence Number—C119211

Comment deadline: January 31, 2013
Citalopram Oral Solution
DEFINITION
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Citalopram Oral Solution contains an amount of citalopram hydrobromide equivalent to NLT
90.0% and NMT 110.0% of the labeled amount of citalopram free base (C20 H21 FN2 O). It may
contain a suitable preservative.
IDENTIFICATION
• A. The retention time of the citalopram peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: Methanol and acetonitrile (1:9)
Buffer: 6.1 g/L of monobasic potassium phosphate in water. Add 1.5 mL of triethylamine
per L of the solution. Adjust with phosphoric acid to a pH of 2.5.
Mobile phase: Solution A and Buffer (7:18)
Diluent: Acetonitrile and Buffer (1:3)
Standard solution: 0.25 mg/mL of USP Citalopram Hydrobromide RS
Sample solution: Transfer a suitable volume of Oral Solution to a suitable volumetric flask
to obtain 0.2 mg/mL final concentration of citalopram free base. Add 50% of the flask
volume of Diluent, and sonicate at room temperature for 3 min with intermittent shaking.
Allow the solution to cool, and dilute with Diluent to volume. [Note—The Sample solution
may be filtered through either a PVDF or nylon membrane filter of suitable pore size.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 2 times the retention time of citalopram
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of citalopram (C20 H21 FN2 O) in the portion
of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of citalopram from the Sample solution
rS= peak response of citalopram from the Standard solution
CS= concentration of USP Citalopram Hydrobromide RS in the Standard solution (mg/mL)
CU= nominal concentration of citalopram in the Sample solution (mg/mL)
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Mr1
= molecular weight of citalopram free base, 324.39
Mr2
= molecular weight of citalopram hydrobromide, 405.30
Acceptance criteria: 90.0%–110.0% of citalopram free base (C20 H21 FN2 O)
IMPURITIES
Change to read:
• Organic Impurities
Solution A: Acetonitrile, methanol, and tetrahydrofuran (17:1:2)
Buffer: Dissolve 3.0 g of 1-octane sulphonic acid sodium salt in 1 L of water. Add 2 mL of
triethylamine and 5 mL of tetra-n-butyl ammonium hydroxide, 40 percent in water. Mix,
and adjust with phosphoric acid to a pH of 3.0.
Mobile phase: Solution A and Buffer (1:3)
Diluent: Acetonitrile and water (1:3)
System suitability solution: 6 µg/mL of USP Citalopram Related Compound D RS and 1.3
mg/mL of USP Citalopram Hydrobromide RS in Diluent
Standard solution: 6.3 µg/mL of USP Citalopram Hydrobromide RS in Diluent
Sample solution: Transfer a suitable volume of the Oral Solution to a suitable volumetric
flask to obtain 1 mg/mL final concentration of citalopram. Add 60% of the flask volume of
Diluent, and sonicate at room temperature for 3 min with intermittent shaking. Allow the
solution to cool, and dilute with Diluent to volume. [Note—The Sample solution may be
filtered through either a PVDF or nylon membrane filter of suitable pore size.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL
Injection volume: 20 µL
Run time: 2.6 times the retention time of citalopram for the System suitability solution
and Standard solution; 5.7 times the retention time of citalopram for the Sample solution
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.8 between citalopram and citalopram related compound D, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of citalopram from the Standard solution
CS= concentration of USP Citalopram Hydrobromide RS in the Standard solution (mg/mL)
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CU= nominal concentration of citalopram in the Sample solution (mg/mL)
F = relative response factor for each impurity as listed in Table 1
Mr1
= molecular weight of citalopram free base, 324.39
Mr2
= molecular weight of citalopram hydrobromide, 405.30
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Citalopram related compound Aa
Carboxyl citalopram
Carboxy citalopram (IRA 1-May-2013)

0.29

0.86

0.20

b

0.47

0.72

0.20

—

—

Desfluoro citalopram
Desfluorocitalopram
c,h
d

(IRA 1-May-2013)

(IRA 1-May-2013)

0.71

Citalopram related compound Cd
e

(IRA 1-May-2013)

Citalopram
Citalopram related compound De
(IRA 1-May-2013)

0.83
1.0
1.11

Citalopram related compound Gf ,h
d

(IRA 1-May-2013)

3.13

Citalopram related compound Hg,h
d

(IRA 1-May-2013)

Any individual unspecified degradation
product
Total impurities

3.75
—

1.85
1.8
—

0.20
—

0.95

0.20

—

—

—

—

(IRA 1-May-2013)

—
1.0
(IRA 1-May-2013)

—

—

0.15
0.50
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a 1-(3-Dimethylaminopropyl)-1-(4¢-fluorophenyl)-1,3-dihydroisobenzofuran-5carboxamide.
1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carboxamide.
(IRA 1-May-2013)

b 1-[3-(Dimethylamino)propyl]-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carboxylic
acid.
c 1-[3-(Dimethylamino)propyl]-1-phenyl-1,3-dihydroisobenzofuran-5-carbonitrile.
d
This process impurity is included in the table for identification only. It is controlled in the
drug substance, and is not to be reported or included in the total impurities for the drug
product. (IRA 1-May-2013)
e 3-[3-(Dimethylamino)-1-propyl](4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone.
3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone.
(IRA 1-May-2013)

f 1-(4-Fluorophenyl)-1-(3-dimethylaminopropyl)-5-chlorophthalane hydrobromide.
3-[5-Chloro-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-1-yl]-N,N-dimethylpropan-1amine. (IRA 1-May-2013)
g 1-(4-Fluorophenyl)-1-(3-dimethylaminopropyl)-5-bromophthalane hydrobromide.
3-[5-Bromo-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-1-yl]-N,N-dimethylpropan-1amine. (IRA 1-May-2013)
h This process impurity is listed for information only.
(IRA 1-May-2013)

SPECIFIC TESTS
• Deliverable Volume
• pH

698 : Meets the requirements

791 : 3.5–7.0

• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 10 × 101 cfu/mL. The total yeasts and
molds count does not exceed 5 × 101 cfu/mL. It meets the requirements of the test for
absence of Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in light-resistant containers at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Citalopram Hydrobromide RS
USP Citalopram Related Compound D RS
[Note—May be available as a hydrochloride or hydrobromide salt.]

(IRA 1-May-2013)

1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-carbonitrile
hydrochloride.
C19 H19 FN2 O·HCl
346.83
1-(4-Fluorophenyl)-1-(3-methylaminopropyl)-1,3-dihydroisobenzofuran-5-carbonitrile
hydrobromide.

PF 38(6): Nov.-Dec. 2012

C19 H19 FN2 O·HBr
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391.28

(IRA 1-May-2013)

BRIEFING
Citalopram Tablets, USP 35 page 2684. It is proposed to revise the monograph as follows:
1.
Clarify that the relative standard deviation requirement in the Assay is based on the
ratio of the peak response of citalopram to the internal standard, rather than for the
citalopram peak.
2.
Correct the chemical information for citalopram related compounds A, B, C, E, and F in
the USP Reference Standards section.
In addition, several editorial changes have been made to update the monograph to the current
USP style.
The comment period for this revision ends January 31, 2013. In the absence of significant
comments, it is proposed to implement this revision through an Interim Revision
Announcement, with an official date of May 1, 2013.
(SM4: H. Joyce.)
Correspondence Number—119211

Comment deadline: January 31, 2013
Citalopram Tablets
DEFINITION
Citalopram Tablets contain an amount of Citalopram Hydrobromide equivalent to NLT 90.0% and
NMT 110.0% of the labeled amount of citalopram free base (C20 H21 FN2 O).
IDENTIFICATION
• A. Infrared Absorption 197K
Sample: Extract finely ground Tablet powder containing 200 mg of citalopram with 30 mL
of water, and filter. Add 1 mL of 1 N sodium hydroxide to the filtrate, and extract with 50
mL of cyclohexane by shaking for 10 min. Pass the cyclohexane layer through a siliconetreated filter paper into a beaker. Reduce the filtrate down to 3 mL, using gentle heat as
necessary. Transfer the hot solution to a small centrifuge tube. Induce crystallization
while cooling by scratching the side of the test tube with a spatula. Centrifuge the
mixture, and decant off the cyclohexane. Dry the residue under vacuum in a desiccator.
[Note—If crystallization fails to occur in the above procedure, use the following
alternative procedure. Extract finely ground Tablet powder containing about 50 mg of
citalopram with 10 mL of chloroform in a test tube, and sonicate for 1 min. Centrifuge for
10 min, and filter into a beaker. Evaporate to dryness with nitrogen and, if necessary,
induce crystallization by etching the beaker.]
Mix approximately 2 mg of the residue with approximately 300 mg of potassium bromide,
and record the IR spectrum.
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
Change to read:
• Procedure
Buffer: 1.42 g/L of anhydrous dibasic sodium phosphate in water
Diluent: Methanol and Buffer (80:20)
Mobile phase: 0.77 mg/mL of dodecyltrimethylammonium bromide in Diluent
Internal standard solution: 0.25 mg/mL of USP Citalopram Related Compound F RS in
Diluent
Standard stock solution: 1.25 mg/mL of USP Citalopram Hydrobromide RS in Diluent
Standard solution: 0.025 mg/mL of USP Citalopram Related Compound F RS and 0.125
mg/mL of USP Citalopram Hydrobromide RS from the Internal standard solution and the
Standard stock solution, respectively, in Diluent
Sample solution: Transfer 10 Tablets to a 200-mL volumetric flask, add 25 mL of Buffer,
and shake by mechanical means until disintegrated. Add 100 mL of methanol, and sonicate
for about 5 min. Allow to cool to room temperature, and then dilute with Diluent to
volume. Allow to stand until the residue settles before taking an aliquot for dilution.
Transfer a volume of the clear supernatant to a 50-mL volumetric flask to obtain a final
nominal concentration between 0.090 mg/mL and 0.10 mg/mL of citalopram. Add 5.0 mL of
Internal standard solution, and dilute with Diluent to volume. Pass a portion through a
filter (PTFE) having a 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for citalopram related compound F and citalopram are
about 1.36 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between citalopram and citalopram related compound F
Column efficiency: NLT 2000 theoretical plates, calculated from the citalopram peak
Relative standard deviation: NMT 1.5% for the citalopram peak
ratio of the peak response of citalopram to the internal standard (IRA 1-May-2013)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the label claim of citalopram (C20 H21 FN2 O) in the portion of
Tablets taken:
Result = (RU/RS) × (CS/CU) × (Mr1/Mr2) × 100
RU= ratio of the peak response of citalopram to the internal standard from the Sample
solution
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RS= ratio of the peak response of citalopram to the internal standard from the Standard
solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Mr1
= molecular weight of citalopram, 324.39
Mr2
= molecular weight of citalopram hydrobromide, 405.30
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Buffer: pH 1.5 buffer (prepared by transferring 118 mL of 1 N hydrochloric acid and 82 mL
of 1 N sodium hydroxide to a 1000-mL volumetric flask, diluting with water to volume, and
adjusting with 1 N sodium hydroxide to a pH of 1.5)
Medium: Buffer; 800 mL, deaerated
Apparatus 1: 100 rpm
Time: 30 min
Standard solution: 12 µg/mL of USP Citalopram Hydrobromide RS in Medium
Sample solution: Sample per Dissolution 711 . Pass through a PVDF filter having a 0.45µm pore size, and dilute with Medium as needed.
Instrumental conditions
(See Spectrophotometry and Light–Scattering 851 .)
Mode: UV
Analytical wavelength: 239 nm
Analysis:
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of citalopram (C20 H21 FN2 O) dissolved:
Result = (AU/AS) × CS × V × D × (Mr1/Mr2) × (1/L) × 100
AU= absorbance from the Sample solution
AS= absorbance from the Standard solution
CS= concentration of the Standard solution (mg/mL)
V = volume of Medium, 800 mL
D = dilution factor of the Sample solution
Mr1
= molecular weight of citalopram, 324.39
Mr2
= molecular weight of citalopram hydrobromide, 405.30
L = label claim of citalopram (mg/Tablet)
Tolerances: NLT 80% (Q) of the labeled amount of citalopram (C20 H21 FN2 O) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Buffer: 3.15 g/L of monobasic potassium phosphate and 3.60 g/L of dibasic sodium
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phosphate dodecahydrate (Na2 HPO4 ·12H2 O) in water
Mobile phase: Methanol, acetonitrile, and Buffer (38:7:55). Adjust with phosphoric acid to
a pH of 6.5.
Standard stock solution: 0.25 mg/mL of USP Citalopram Hydrobromide RS in Mobile phase
System suitability solution: 1 µg/mL each of USP Citalopram Related Compound A RS,
USP Citalopram Related Compound B RS, USP Citalopram Related Compound C RS, and USP
Citalopram Related Compound E RS in the Standard stock solution
Standard solution: 0.625 µg/mL of citalopram hydrobromide from the Standard stock
solution in Mobile phase
Sensitivity solution: 0.05 µg/mL of citalopram hydrobromide from the Standard solution in
Mobile phase
Sample solution: Transfer 10 Tablets to a 200-mL volumetric flask, add 25 mL of Buffer,
and shake by mechanical means until disintegrated. Add 100 mL of a mixture of methanol
and water (1:1), mix, and sonicate for about 5 min. Allow to cool, dilute with a mixture of
methanol and water (1:1) to volume, and mix thoroughly. Allow the excipients to settle.
Dilute with Mobile phase, as necessary, to obtain a final concentration of 0.5 mg/mL of
citalopram. Pass a portion of this solution through a polytetrafluoroethylene (PTFE)
membrane filter having a 0.45-µm or finer pore size, and use the filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 45
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
[Note—The relative retention times are given in Table 1.]
Suitability requirements
Resolution: NLT 3 between citalopram related compound C and citalopram, System
suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 5.0%, Standard solution
Signal-to-noise ratio: NLT 3, Sensitivity solution
Analysis
Samples:
System suitability solution, (IRA 1-May-2013)
Standard solution, and Sample solution
Chromatograph the System suitability solution, and identify the components on the basis
of their relative retention times given in Table 1. (IRA 1-May-2013)
Calculate the percentage of each impurity in each Tablet
the portion of Tablets (IRA 1-May-2013)
taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
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rS= peak response of the corresponding peak in the Standard solution
CS= concentration of citalopram hydrobromide in the Standard solution (mg/mL)
CU= nominal concentration of citalopram hydrobromide
(IRA 1-May-2013)

in the Sample solution (mg/mL)
Mr1
= molecular weight of citalopram, 324.39
Mr2
= molecular weight of citalopram hydrobromide, 405.30
F = relative response factor (see Table 1)
Acceptance criteria: See Table 1.

Name
Citalopram related compound A
Citalopram related compound B
Citalopram related compound C
Citalopram
Citalopram related compound E
Any other individual unidentified
Total impurities

Table 1
Relative
Retention
Time
0.43
0.60
0.83
1.0
1.32
impurity
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.77
0.2
0.98
0.25
0.69
0.25
—
—
0.91
0.1
1.0
0.2
—
0.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Citalopram Hydrobromide RS
USP Citalopram Related Compound A RS
1-(3-Dimethylaminopropyl)-1-(4¢-fluorophenyl)-1,3-dihydroisobenzofuran-5carboxamide.
1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carboxamide.
(IRA 1-May-2013)

C20 H23 FN2 O2
342.22
USP Citalopram Related Compound B RS
1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-dihydroisobenzofuran-5carbonitrile.
C20 H21 FN2 O2
340.22
1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-dihydroisobenzofuran-5carbonitrile oxalate.
C20 H21 FN2 O2 ·C2 H2 O4
430.43
(IRA 1-May-2013)

USP Citalopram Related Compound C RS
3-[3-(Dimethylamino)-1-propyl](4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone.
C20 H19 FN2 O2
338.22
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3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone oxalate.
C20 H19 FN2 O2 ·C2 H2 O4
428.42
(IRA 1-May-2013)

USP Citalopram Related Compound E RS
1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydrobenzofuran-5carbonitrile-N-oxide.
C20 H21 FN2 O2
340.39
1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydrobenzofuran-5carbonitrile-N-oxide hydrochloride.
C20 H21 FN2 O2 ·HCl
376.85
(IRA 1-May-2013)

USP Citalopram Related Compound F RS
Dimethyl-(1-methyl-3,3-diphenylallyl)amine hydrochloride.
C18 H21 N·HCl
286.64
287.83 (IRA 1-May-2013)
BRIEFING
Escitalopram Tablets, USP 35 page 3096. It is proposed to revise the monograph as follows:
1.
Add a note to clarify the role of USP Citalopram Hydrobromide RS throughout the
monograph.
2.
Revise the Dissolution test to clarify that the calculation is to determine the percentage
of escitalopram dissolved.
3.
Correct the chemical information for USP Citalopram Related Compound C RS in the USP
Reference Standards section to reflect that it is available as an oxalate salt.
In addition, several editorial changes have been made to update the monograph to the current
USP style.
The comment period for this revision ends January 31, 2013. In the absence of significant
comments, it is proposed to implement this revision via an Interim Revision Announcement,
with an official date of May 1, 2013.
(SM4: H. Joyce.)
Correspondence Number—C119211

Comment deadline: January 31, 2013
Escitalopram Tablets
DEFINITION
Change to read:
Escitalopram Tablets contain an amount of Escitalopram Oxalate equivalent to NLT 90.0% and
NMT 110.0% of the labeled amount of escitalopram (C20 H21 FN2 O).
[
Note—Throughout the monograph, USP Citalopram Hydrobromide RS is used as a quantitative
standard with an appropriate molecular weight correction, as needed.] (IRA 1-May-2013)
IDENTIFICATION
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• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.5 g of anhydrous sodium acetate and 0.4 mL of glacial acetic acid in 1 L of water.
Adjust with 1 M sodium hydroxide to a pH of 5.2.
Mobile phase: Methanol, acetonitrile, and Buffer (33:7:60)
System suitability solution: 6.2 µg/mL of USP Citalopram Hydrobromide RS (equivalent to
5 µg/mL of citalopram) and 1 µg/mL of USP Citalopram Related Compound C RS in Mobile
phase
Standard solution: 0.62 mg/mL of USP Citalopram Hydrobromide RS in Mobile phase
(equivalent to 0.5 mg/mL of citalopram)
Sample solution: Transfer 10 Tablets to a suitable volumetric flask, add Buffer to 10% of
the final volume, and shake vigorously for 10 min. Add methanol to 50% of the final
volume, shake for 1 additional min, sonicate for 10 min, and dilute with Mobile phase to
volume to obtain a solution having a concentration of about 0.5 mg/mL of escitalopram.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 239 nm
Column: 4.6-mm × 10-cm; 3-µm packing L1
Column temperature: 45
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between citalopram and citalopram related compound C, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of escitalopram (C20 H21 FN2 O) in the
portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of the Standard solution (mg/mL)
CU= nominal concentration of the Sample solution (mg/mL)
Mr1
= molecular weight of citalopram, 324.39
Mr2
= molecular weight of citalopram hydrobromide, 405.30
Acceptance criteria: 90.0–110.0%
PERFORMANCE TESTS
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Change to read:
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 50 rpm
Time: 30 min
Standard solution 1: 3 µg/mL of USP Citalopram Hydrobromide RS in Medium
Standard solution 2: 15 µg/mL of USP Citalopram Hydrobromide RS in Medium
Standard solution 3: 30 µg/mL of USP Citalopram Hydrobromide RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV-Vis
Analytical wavelength: 239 nm
Path length: 0.5 cm
Blank: Medium
System suitability
Samples: Standard solution 1, Standard solution 2, and Standard solution 3
Suitability requirements
Correlation coefficient: NLT 0.995, determined using Standard solution 1, Standard
solution 2, and Standard solution 3, three replicates of each solution
Relative standard deviation: NMT 2.0%, determined using Standard solution 3, six
replicates
Analysis
Samples: Standard solution 1, Standard solution 2, Standard solution 3, and Sample
solution
Generate a calibration curve using the data from Standard solution 1, Standard solution 2,
and Standard solution 3. Determine the concentration, CU , in mg/mL, of citalopram
hydrobromide in the Sample solution using the calibration curve.
Calculate the percentage of citalopram dissolved:
Result = (CU/L) × (Mr1/Mr2) × V × 100
CU= concentration of citalopram hydrobromide in the Sample solution (mg/mL)
Mr1
= molecular weight of citalopram, 324.39
Mr2
= molecular weight of citalopram hydrobromide, 405.30
V = volume of Medium, 900 mL
L = label claim (mg/Tablet)
Calculate the concentration, CSi, in mg/mL of citalopram (free base) for each Standard
solution (i):
Result i = CSi × (Mr1/Mr2)
CSi= concentration of USP Citalopram Hydrobromide RS in Standard solution (i) (mg/mL)
Mr1
= molecular weight of citalopram, 324.39
Mr2
= molecular weight of citalopram hydrobromide, 405.30
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Plot the absorbances of Standard solution 1, Standard solution 2, and Standard solution 3
versus the corresponding citalopram (free base) concentrations. Determine the
concentration, CU, in mg/mL, of escitalopram in the Sample solution using the calibration
curve.
Calculate the percentage of the labeled amount of escitalopram (C20 H21 FN2 O) dissolved:
Result = CU × V × (1/L) × 100
C=
U concentration of escitalopram (free base) in the Sample solution (mg/mL)
V= volume of Medium, 900 mL
L= label claim (mg/Tablet) (IRA 1-May-2013)
Tolerances: NLT 80% (Q) of the labeled amount of escitalopram (C20 H21 FN2 O) is dissolved.
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
• Organic Impurities
Buffer, Mobile phase, System suitability solution, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3.0 between citalopram and citalopram related compound C, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × (Mr1/Mr2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of citalopram from the Standard solution
CS= concentration of USP Citalopram Hydrobromide RS in the Standard solution
CU= nominal concentration of the Sample solution
F = relative response factor (see Table 1)
Mr1
= molecular weight of citalopram, 324.39
Mr2
= molecular weight of citalopram hydrobromide, 405.30
Acceptance criteria: See Table 1.
Table 1

Name
Citalopram related compound Aa
Citalopram related compound Bb
Citalopram related compound Cc
(3-oxocitalopram)

Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.33
0.56

0.84
0.78

0.3
0.5

0.80

0.51

0.5
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Escitalopram
1.0
—
—
d
Citalopram related compound E (citalopram Noxide)
1.4
0.94
0.2
Any other individual, unspecified impurity
—
1.0
0.1
Total impurities
—
—
2.0
a 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5-carboxamide.
b 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-3-hydroxy-1,3-dihydroisobenzofuran-5carbonitrile; 3-hydroxycitalopram.
c 3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone.
d 1-(3-Dimethylaminopropyl)-1-(4-fluorophenyl)-1,3-dihydroisobenzofuran-5carbonitrile-N-oxide.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at controlled room
temperature.
Change to read:
• USP Reference Standards 11
USP Citalopram Hydrobromide RS
USP Citalopram Related Compound C RS
3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone.
C20 H19 FN2 O2
338.22
3-(3-Dimethylaminopropyl)-3-(4-fluorophenyl)-6-cyano-1(3H)-isobenzofuranone oxalate.
C20 H19 FN2 O2 ·C2 H2 O4
428.42
(IRA 1-May-2013)

In-Process Revision
This section contains proposals for adoption as official USP or NF standards (either proposed
new standards or proposed revisions of current USP or NF standards). These may be any of the
following: (1) proposed revisions placed directly under In-Process Revision, or (2) modifications
of revisions previously proposed under In-Process Revision. Readers should review material in
this section and provide comments to the Scientific Liaison using the contact information
appearing at the end of each proposal. Information on how to comment can be found under the
“Participation” section of www.usp.org. It is important to send comments promptly, using the
comment deadline listed after each title.
Briefings Each Proposal is preceded by a Briefing in the following format:
Briefing
Name of Item, citations of the most recent USP publications in which this item appeared.
Rationale for the revision. Other relevant information. (For example, if a chromatographic
method is being proposed, column specifications and retention times for compounds of
interest.) Finally, the Expert Committee acronym (the name of the Scientific Liaison who
handled the particular monograph or general chapter, and the USP tracking correspondence
number, as shown in the example below:
(Expert Committee Acronym: Liaison Name.)
Correspondence Number—CXXXXX

PF 38(6): Nov.-Dec. 2012

30

Symbols Proposed revisions are shown with language proposed for deletion or replacement
crossed out. All USP–NF revisions use the following symbols that indicate the final destination of
the official text:
new text
if slated for an IRA;
new text
if slated for USP–NF;
new text
if slated for a Supplement to USP–NF. The same symbols indicate recent revisions that are
already official. Where the symbols appear together with no enclosed text, such as
, or
, or
, it means that text has been deleted and no new text was proposed to replace it.
In all revisions, the closing symbol is accompanied by an identifier that indicates the particular
IRA, Supplement, or the USP or NF as the publication where the revision will appear if approved.
For example, 2S (USP 34) indicates that the proposed revision is slated for the Second
Supplement to USP 34, and USP35 and NF30 indicates that the revisions are proposed for USP
35 and NF 30, respectively.
Official Title Changes Where the specification “Monograph title change” is found, it
indicates that the official title stated after that specification will be substituted for the former
title in the appropriate places throughout that monograph once this revision becomes official.
BRIEFING
1 Injections, USP 35 page 33 and PF 37(6) [Nov.–Dec. 2011]. USP taxonomy groups all
dosage forms based on five routes of administration: injection, oral, topical–transdermal,
mucosal, and inhalation [see Stimuli article in PF 29(5)]. USP's goal for USP–NF is to have good
drug substance and product monographs for all legally marketed medicines (drug products) and
their ingredients in the United States. To support a drug product monograph, USP has divided
the tests of a monograph into two categories: product quality tests and product performance
tests. Both arise from an understanding of critical quality attributes for a named article. For
each route of administration, USP intends to or has created two general chapters: one that
provides product quality tests that can be called out in a monograph, and one that provides
one or more product performance tests that also can be called out in a monograph.
Based on these considerations, the general test chapter Injections 1 has been
completely revised so that it contains only product quality tests. A new general information
chapter Product Performance Tests for Injections and Implanted Drug Products
be prepared that provides product performance tests. The revision of

1

1001

will

appears below.

Standards that do not pertain to product quality tests have been removed in the proposed
revision to 1 . These fall into three categories: nomenclature and definitions, labeling, and
container content and packaging and storage. These standards are being relocated to other
general chapters, as follows:
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The following chapter section is being removed from 1
information chapter Nomenclature

and placed in the general

1121 :

1. NOMENCLATURE AND DEFINITIONS
The following chapter sections/subsections are being removed from 1
new general test chapter Labeling

and placed in the

7 :

2.LABELS AND LABELING
a.
Labeling
b.
Strength and Total Volume for Single- and Multiple-Dose Injectables Drug Products
c.
Aluminum in Large-Volume Parenterals (LVPs), Small-Volume Parenterals (SVPs),
and Pharmacy Bulk Packages (PBPs) Used in Total Parenteral Nutrition (TPN) Therapy
3.PACKAGING
a.
Potassium Chloride for Injection Concentrate
b.
Neuromuscular Blocking and Paralyzing Agents
The following sections are being removed from 1
Packaging and Storage Requirements

and placed in the general test chapter

659 .

1.PACKAGING
a.
Containers for Injections
b.
Containers for Sterile Solids
c.
Packaging and Storage
The Container Content information in

1

chapter Container Content for Injections

will be moved to the proposed new general test

697 .

(GCDF: D. Hunt.)
Correspondence Number—C117575

Comment deadline: January 31, 2013
Change to read:
1 Injections
and Implanted Drug Products (Parenterals)—Product Quality Tests

USP37

Change to read:
INTRODUCTION
Parenteral articles are preparations intended for injection through the skin or other external
boundary tissue, rather than through the alimentary canal, so that the active substances they
contain are administered, using gravity or force, directly into a blood vessel, organ, tissue, or
lesion. Parenteral articles are prepared scrupulously by methods designed to ensure that they
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meet Pharmacopeial requirements for sterility, pyrogens, particulate matter, and other
contaminants, and, where appropriate, contain inhibitors of the growth of microorganisms. An
Injection is a preparation intended for parenteral administration and/or for constituting or
diluting a parenteral article prior to administration.
NOMENCLATURE AND DEFINITIONS
Nomenclature1
The following nomenclature pertains to five general types of preparations, all of which are
suitable for, and intended for, parenteral administration. They may contain buffers,
preservatives, or other added substances.
1. [DRUG] Injection—Liquid preparations that are drug substances or solutions thereof.
2. [DRUG] for Injection—Dry solids that, upon the addition of suitable vehicles, yield
solutions conforming in all respects to the requirements for Injections.
3. [DRUG] Injectable Emulsion—Liquid preparations of drug substances dissolved or
dispersed in a suitable emulsion medium.
4. [DRUG] Injectable Suspension—Liquid preparations of solids suspended in a suitable
liquid medium.
5. [DRUG] for Injectable Suspension—Dry solids that, upon the addition of suitable
vehicles, yield preparations conforming in all respects to the requirements for Injectable
Suspensions.
Definitions
USP35

BIOLOGICS
The Pharmacopeial definitions for sterile preparations for parenteral use generally do not apply
in the case of the biologics because of their special nature and licensing requirements (see
Biologics

1041 ).
INGREDIENTS
Vehicles and Added Substances

Aqueous Vehicles—The vehicles for aqueous Injections meet the requirements of the Pyrogen
Test 151 or the Bacterial Endotoxins Test 85 , whichever is specified. Water for Injection
generally is used as the vehicle, unless otherwise specified in the individual monograph. Sodium
chloride may be added in amounts sufficient to render the resulting solution isotonic; and
Sodium Chloride Injection, or Ringer's Injection, may be used in whole or in part instead of
Water for Injection, unless otherwise specified in the individual monograph. For conditions
applying to other adjuvants, see Added Substances in this chapter.
Other Vehicles—Fixed oils used as vehicles for nonaqueous Injections are of vegetable origin,
are odorless or nearly so, and have no odor suggesting rancidity. They meet the requirements
of the test for Solid paraffin under Mineral Oil, the cooling bath being maintained at 10 , have a
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Saponification Value between 185 and 200 (see Fats and Fixed Oils
Value between 79 and 141 (see Fats and Fixed Oils
following tests.
Unsaponifiable Matter (see Fats and Fixed Oils
Acid Value (see Fats and Fixed Oils

401 ), and meet the requirements of the

401 ): not more than 1.5%.

401 ): not more than 0.2.

Peroxide Value (see Fats and Fixed Oils
Water, Method Ic

401 ), have an Iodine

401 ): not more than 5.0.

921 : not more than 0.1%.

Limit of Copper, Iron, Lead, and Nickel— [Note—The test for nickel is not required if the oil has
not been subjected to hydrogenation, or a nickel catalyst has not been used in processing. ]
Proceed as directed in the section Trace Metals under Fats and Fixed Oils 401 . Not more
than 1 ppm of copper is found; not more than 1 ppm of iron is found; not more than 1 ppm of
lead is found; and not more than 1 ppm of nickel is found.
Synthetic mono- or diglycerides of fatty acids may be used as vehicles, provided they are liquid
and remain clear when cooled to 10 and have an Iodine Value of not more than 140 (see Fats
and Fixed Oils 401 ).
These and other nonaqueous vehicles may be used, provided they are safe, in the volume of
Injection administered, and also provided they do not interfere with the therapeutic efficacy of
the preparation or with its response to prescribed assays and tests.
Added Substances—Suitable substances may be added to preparations intended for injection
to increase stability or usefulness, unless proscribed in the individual monograph, provided they
are harmless in the amounts administered and do not interfere with the therapeutic efficacy or
with the responses to the specified assays and tests. No coloring agent may be added, solely
for the purpose of coloring the finished preparation, to a solution intended for parenteral
administration (see also Added Substances under General Notices and Antimicrobial
Effectiveness Testing 51 ).
Observe special care in the choice and use of added substances in preparations for injection
that are administered in a volume exceeding 5 mL. The following maximum limits prevail unless
otherwise directed: for agents containing mercury and the cationic, surface-active compounds,
0.01%; for chlorobutanol, cresol, phenol, and similar types of substances, 0.5%; and for sulfur
dioxide, or an equivalent amount of the sulfite, bisulfite, or metabisulfite of potassium or
sodium, 0.2%.
A suitable substance or mixture of substances to prevent the growth of microorganisms must
be added to preparations intended for injection that are packaged in multiple-dose containers,
regardless of the method of sterilization employed, unless one of the following conditions
prevails: (1) there are different directions in the individual monograph; (2) the substance
contains a radionuclide with a physical half-life of less than 24 hours; and (3) the active
ingredients are themselves antimicrobial. Such substances are used in concentrations that will
prevent the growth of or kill microorganisms in the preparations for injection. Such substances
also meet the requirements of Antimicrobial Effectiveness Testing

51

and Antimicrobial
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341 . Sterilization processes are employed even though such substances

are used (see also Sterilization and Sterility Assurance of Compendial Articles 1211 ). The air
in the container may be evacuated or be displaced by a chemically inert gas. Where specified in
a monograph, information regarding sensitivity of the article to oxygen is to be provided in the
labeling.
LABELS AND LABELING
Labeling
Note—See definitions of “label” and “labeling” in section 10.40 Labeling under section 10.
Preservation, Packaging, Storage, and Labeling of the General Notices and Requirements.
The label states the name of the preparation; in the case of a liquid preparation, the
percentage content of drug or amount of drug in a specified volume; in the case of a dry
preparation, the amount of active ingredient; the route of administration; a statement of
storage conditions and an expiration date; the name and place of business of the
manufacturer, packer, or distributor; and an identifying lot number. The lot number is capable
of yielding the complete manufacturing history of the specific package, including all
manufacturing, filling, sterilizing, and labeling operations.
Where the individual monograph permits varying concentrations of active ingredients in the
large-volume parenteral, the concentration of each ingredient named in the official title is
stated as if part of the official title, e.g., Dextrose Injection 5%, or Dextrose (5%) and Sodium
Chloride (0.2%) Injection.
The labeling includes the following information if the complete formula is not specified in the
individual monograph: (1) In the case of a liquid preparation, the percentage content of each
ingredient or the amount of each ingredient in a specified volume, except that ingredients
added to adjust to a given pH or to make the solution isotonic may be declared by name and a
statement of their effect; and (2) in the case of a dry preparation or other preparation to
which a diluent is intended to be added before use, the amount of each ingredient, the
composition of recommended diluent(s) [the name(s) alone, if the formula is specified in the
individual monograph], the amount to be used to attain a specific concentration of active
ingredient and the final volume of solution so obtained, a brief description of the physical
appearance of the constituted solution, directions for proper storage of the constituted
solution, and an expiration date limiting the period during which the constituted solution may be
expected to have the required or labeled potency if it has been stored as directed.
Containers for Injections that are intended for use as dialysis, hemofiltration, or irrigation
solutions and that contain a volume of more than 1 L are labeled to indicate that the contents
are not intended for use by intravenous infusion.
Injections intended for veterinary use are labeled to that effect.
The container is so labeled that a sufficient area of the container remains uncovered for its full
length or circumference to permit inspection of the contents.
STRENGTH AND TOTAL VOLUME FOR SINGLE- AND MULTIPLE-DOSE INJECTABLE DRUG
PRODUCTS
For single-dose and multiple-dose injectable drug products, the strength per total volume
should be the primary and prominent expression on the principal display panel of the label,
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followed in close proximity by strength per mL enclosed by parentheses. For containers holding
a volume of less than 1 mL, the strength per fraction of a mL should be the only expression of
strength. Strength per single mL should be expressed as mg/mL, not mg/1 mL.
The following formats are acceptable for contents of greater than 1 mL:
Total strength/total volume: 500 mg/10 mL
Strength/mL: 50 mg/mL
or
Total strength/total volume: 25,000 Units/5 mL
Strength/mL: 5,000 Units/mL
The following format is acceptable for contents of less than 1 mL: 12.5 mg/0.625 mL
There are, however, some exceptions to expressing strength per total volume. In certain cases,
the primary and prominent expression of the total drug content per container would not be
effective in preventing medication errors (e.g., insulin). An example is the use of lidocaine or
other similar drugs used as a local anesthetic where the product is ordered and administered by
percentage (e.g., 1%, 2%) or a local anesthetic in combination with epinephrine that is
expressed as a ratio (e.g., 1:100,000). In such cases, the total strength should be expressed:
for example, 1% (100 mg/10 mL). Dry solids, which need to be reconstituted, should follow the
same format, with the exception that only the total strength of the drug should be listed, not
the strength/total volume or strength/mL.
Aluminum in Large-Volume Parenterals (LVPs), Small-Volume Parenterals (SVPs), and
Pharmacy Bulk Packages (PBPs) Used in Total Parenteral Nutrition (TPN) Therapy
a. The aluminum content of LVPs used in TPN therapy must not exceed 25 µg per L (µg/L).
b. The package insert of LVPs used in TPN therapy must state that the drug product
contains no more than 25 µg of aluminum per L. This information must be contained in
the “Precautions” section of the labeling of all LVPs used in TPN therapy.
c. If the maximum amount of aluminum in SVPs and PBPs is 25 µg per L (µg/L) or less,
instead of stating the exact amount of aluminum that each contains, as in paragraph
(d), the immediate container label for SVPs and PBPs used in the preparation of TPN
parenterals (with exceptions as noted below) may state: “Contains no more than 25
µg/L of aluminum”. If the SVP or PBP is a lyophilized powder, the immediate container
label may state the following: “When reconstituted in accordance with the package
insert instructions, the concentration of aluminum will be no more than 25 µg/L”.
d. The maximum level of aluminum at expiry must be stated on the immediate container
label of all SVPs and PBPs used in the preparation of TPN parenterals and injectable
emulsions. The aluminum content must be stated as follows: “Contains no more than __
µg/L of aluminum”. The immediate container label of all SVPs and PBPs that are
lyophilized powder used in the preparation of TPN solutions must contain the following
statement: “When reconstituted in accordance with the package insert instructions,
the concentration of aluminum will be no more than __ µg/L.” This maximum amount of
aluminum must be stated as the highest one of the following three levels:
1. The highest level for the batches produced during the last three years
2. The highest level for the latest five batches
3. The maximum level in terms of historical levels, but only until completion of
production of the first five batches after July 26, 2004.
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The package insert for all LVPs, SVPs, and PBPs used in the preparation of TPN products must
contain a warning statement. This warning must be contained in the “Warning” section of the
labeling and must state the following: “WARNING: This product contains aluminum that may be
toxic. Aluminum may reach toxic levels with prolonged parenteral administration if kidney
function is impaired. Premature neonates are particularly at risk because their kidneys are
immature, and they require large amounts of calcium and phosphate solutions that contain
aluminum. Research indicates that patients with impaired kidney function, including premature
neonates, who receive parenteral levels of aluminum at greater than 4 to 5 µg per kg per day
accumulate aluminum at levels associated with central nervous system and bone toxicity.
Tissue loading may occur at even lower rates of administration of TPN products.”
PACKAGING
Containers for Injections
Containers, including the closures, for preparations for injections do not interact physically or
chemically with the preparations in any manner to alter the strength, quality, or purity beyond
the official requirements under the ordinary or customary conditions of handling, shipment,
storage, sale, and use. The container is made of material that permits inspection of the
contents. The type of glass preferable for each parenteral preparation is usually stated in the
individual monograph. Unless otherwise specified in the individual monograph, plastic containers
may be used for packaging injections (see Containers—Plastics 661 ).
For definitions of single-dose and multiple-dose containers, see sections 10.20.70 and
10.20.110, respectively, in the General Notices and Requirements. Containers meet the
requirements under Containers—Glass 660 and Containers—Plastics 661 .
Containers are closed or sealed in such a manner as to prevent contamination or loss of
contents. Validation of container integrity must demonstrate no penetration of microbial
contamination or chemical or physical impurities. In addition, the solutes and the vehicle must
maintain their specified total and relative quantities or concentrations when exposed to
anticipated extreme conditions of manufacturing and processing, and storage, shipment, and
distribution. Closures for multiple-dose containers permit the withdrawal of the contents
without removal or destruction of the closure. The closure permits penetration by a needle and,
upon withdrawal of the needle, closes at once, protecting the container against contamination.
Validation of the multiple-dose container integrity must include verification that such a package
prevents microbial contamination or loss of product contents under anticipated conditions of
multiple entry and use.
Piggyback containers are usually intravenous infusion containers used to administer a second
infusion through a connector of some type or an injection port on the administration set of the
first fluid, thereby avoiding the need for another injection site on the patient's body. Piggyback
containers are also known as secondary infusion containers.
Potassium Chloride for Injection Concentrate
The use of a black closure system on a vial (e.g., a black flip-off button and a black ferrule to
hold the elastomeric closure) or the use of a black band or series of bands above the
constriction on an ampul is prohibited, except for Potassium Chloride for Injection Concentrate.
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Neuromuscular Blocking and Paralyzing Agents
All injectable preparations of neuromuscular blocking agents and paralyzing agents must be
packaged in vials with a cautionary statement printed on the ferrules or cap overseals. Both
the container cap ferrule and the cap overseal must bear in black or white print (whichever
provides the greatest color contrast with the ferrule or cap color) the words: “Warning:
Paralyzing Agent” or “Paralyzing Agent” (depending on the size of the closure system).
Alternatively, the overseal may be transparent and without words, allowing for visualization of
the warning labeling on the closure ferrule.
Containers for Sterile Solids
Containers, including the closures, for dry solids intended for parenteral use do not interact
physically or chemically with the preparation in any manner to alter the strength, quality, or
purity beyond the official requirements under the ordinary or customary conditions of handling,
shipment, storage, sale, and use.
A container for a sterile solid permits the addition of a suitable solvent and withdrawal of
portions of the resulting solution or suspension in such manner that the sterility of the product
is maintained.
Where the Assay in a monograph provides a procedure for the Sample solution, in which the
total withdrawable contents are to be withdrawn from a single-dose container with a
hypodermic needle and syringe, the contents are to be withdrawn as completely as possible
into a dry hypodermic syringe of a rated capacity not exceeding three times the volume to be
withdrawn and fitted with a 21-gauge needle not less than 2.5 cm (1 inch) in length, with care
being taken to expel any air bubbles, and discharged into a container for dilution and assay.
Container Content
Each container of an injection contains sufficient excess to allow withdrawal of the labeled
quantity of drug. Such withdrawal shall be performed according to labeled directions, if
provided.
DETERMINATION OF VOLUME OF INJECTION IN CONTAINERS
This section is harmonized with the corresponding texts of the European Pharmacopoeia and/or
the Japanese Pharmacopoeia. These pharmacopeias have undertaken not to make any
unilateral change to this harmonized section. A portion of the present text (see below) is
national USP text, and therefore not part of the harmonized text; it is marked with symbols (
) to specify this fact.
Suspensions and emulsions must be shaken before withdrawal of the contents and before the
determination of the density. Oily and viscous preparations may be warmed according to the
instructions on the label, if necessary, and thoroughly shaken immediately before removing the
contents. The contents are then cooled to 20 –25 C before measuring the volume. Sterile
solid formulations must be constituted according to labeled directions before removing the
contents. Contents are then to be measured following the procedures for suspensions,
emulsions, or solutions, as appropriate.
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Single-Dose Containers—Select 1 container if the volume of the container is 10 mL or more,
3 containers if the nominal volume is more than 3 mL and less than 10 mL, or 5 containers if the
nominal volume is 3 mL or less. Take up individually the total contents of each container
selected into a dry syringe of a capacity not exceeding three times the volume to be measured
and fitted with a 21-gauge needle not less than 2.5 cm (1 inch) in length. Expel any air bubbles
from the syringe and needle, and then discharge the contents of the syringe, without emptying
the needle, into a standardized, dry cylinder (graduated to contain rather than to deliver the
designated volumes) of such size that the volume to be measured occupies at least 40% of its
graduated volume. Alternatively, the volume of the contents in mL may be calculated as the
mass, in g, divided by the density. For containers with a nominal volume of 2 mL or less, the
contents of a sufficient number of containers may be pooled to obtain the volume required for
the measurement, provided that a separate, dry syringe assembly is used for each container.
The contents of containers holding 10 mL or more may be determined by means of opening
them and emptying the contents directly into the graduated cylinder or tared beaker.
The volume is not less than the nominal volume in the case of containers examined individually
or, in the case of containers with a nominal volume of 2 mL or less, is not less than the sum of
the nominal volumes of the containers taken collectively.
Multi-Dose Containers—For Injections in multiple-dose containers labeled to yield a specific
number of doses of a stated volume, select 1 container, and proceed as directed for singledose containers, using the same number of separate syringe assemblies as the number of doses
specified. The volume is such that each syringe delivers not less than the stated dose.
Injections in Cartridges or Prefilled Syringes—Select 1 container if the volume is 10 mL or
more, 3 containers if the nominal volume is more than 3 mL and less than 10 mL, or 5
containers if the nominal volume is 3 mL or less. If necessary, fit the containers with the
accessories required for their use (needle, piston, syringe) and transfer the entire contents of
each container without emptying the needle into a dry tared beaker by slowly and constantly
depressing the piston. Determine the volume in mL, calculated as the mass, in g, divided by the
density.
The volume measured for each of the containers is not less than the nominal volume.
Large-Volume Intravenous Solutions—For intravenous solutions, select 1 container.
Transfer the contents into a dry measuring cylinder of such a capacity that the volume to be
determined occupies at least 40% of the nominal volume of the cylinder. Measure the volume
transferred.
The volume is not less than the nominal volume.
Labeling on Ferrules and Cap Overseals
Healthcare practitioners using injectable products must be able to easily see and act on
labeling statements that convey important safety messages critical for the prevention of
imminent life-threatening situations. These cautionary labeling statements must be simple,
concise, and devoid of nonessential information. Products that do not require cautionary
statements should be free of information, so that those with cautionary statements are
immediately apparent. Accomplishing this requires a systematic approach to labeling of
injectable products, and one that assures that the ferrule and cap overseal—an area of these
products that is highly visible to practitioners as they use these medicines—is reserved for
critical safety messages. Accordingly:
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1. Only cautionary statements may appear on the top (circle) surface of the ferrule and/or
cap overseal of a vial containing an injectable product. The cautionary statement
should appear on both the ferrule and cap but may appear solely on the ferrule if the
cap overseal is transparent and the cautionary statement beneath the cap is readily
legible. A cautionary statement is one intended to prevent an imminent life-threatening
situation and may include instructional statements that provide potency or other
safety-related instructions if warranted. Examples of such statements include but are
not limited to: “Warning—Paralyzing Agent” and “Dilute Before Using.” The cautionary
statement should be printed in a contrasting color and clearly visible under ordinary
conditions of use.
2. If no cautionary statement is necessary, the top surface of the vial, including the
ferrule and cap overseal, must remain blank.
3. Other statements or features including but not limited to identifying numbers or letters,
such as code numbers, lot numbers, company names, logos, or product names, etc.,
may appear on the side (skirt) surface of the ferrule on vials containing injectable
products but not on the top (circle) surface of the ferrule or cap overseal. The
appearance of such statements or features on the skirt surface of the ferrule should
not detract from, or interfere with, the cautionary statement on the top surface.
Official December 1, 2013
Packaging and Storage
The volume of injection in single-dose containers provides the amount specified for parenteral
administration at one time and in no case is more than sufficient to permit the withdrawal and
administration of 1 L.
Preparations intended for intraspinal, intracisternal, or peridural administration are packaged
only in single-dose containers.
Unless otherwise specified in the individual monograph, a multiple-dose container contains a
volume of Injection sufficient to permit the withdrawal of not more than 30 mL.
The following injections are exempt from the 1-L restriction of the foregoing requirements
relating to packaging:
1. Injections packaged for extravascular use as irrigation solutions or peritoneal dialysis
solutions
2. Injections packaged for intravascular use as parenteral nutrition or as replacement or
substitution fluid to be administered continuously during hemofiltration
Injections packaged for intravascular use that may be used for intermittent, continuous, or
bolus replacement fluid administration during hemodialysis or other procedures, unless excepted
above, must conform to the 1-L restriction.
Injections labeled for veterinary use are exempt from packaging and storage requirements
concerning the limitation to single-dose containers and the limitation on the volume of multipledose containers.
FOREIGN AND PARTICULATE MATTER
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All articles intended for parenteral administration shall be prepared in a manner designed to
exclude particulate matter as defined in Particulate Matter in Injections 788 and other
foreign matter. Each final container of all parenteral preparations shall be inspected to the
extent possible for the presence of observable foreign and particulate matter (hereafter termed
“visible particulates”) in its contents. The inspection process shall be designed and qualified to
ensure that every lot of all parenteral preparations is essentially free from visible particulates.
Qualification of the inspection process shall be performed with reference to particulates in the
visible range of a type that might emanate from the manufacturing or filling process. Every
container which has contents that show evidence of visible particulates shall be rejected. The
inspection for visible particulates may take place when inspecting for other critical defects,
such as cracked or defective containers or seals, or when characterizing the appearance of a
lyophilized product.
Where the nature of the contents or the container–closure system permits only limited
capability for the inspection of the total contents, the 100% inspection of a lot shall be
supplemented with the inspection of constituted (e.g., dried) or withdrawn (e.g., dark amber
container) contents of a sample of containers from the lot.
All large-volume Injections for single-dose infusion and small-volume Injections are subject to
the light obscuration or microscopic procedures and limits for subvisible particulate matter set
forth in Particulate Matter In Injections 788 , unless otherwise specified in the individual
monograph. An article packaged as both a large-volume and a small-volume Injection meets the
requirements set forth for small-volume Injections where the container is labeled as containing
100 mL or less, if the individual monograph states a test for Particulate Matter in Injections
788 ; it meets the requirements set forth for large-volume Injections for single-dose infusion
where the container is labeled as containing more than 100 mL.
Solutions for injection administered by the intramuscular or subcutaneous route must meet the
requirements of Particulate Matter in Injections

788 .

(The above paragraph is official August 1, 2011)
Parenterals packaged and labeled exclusively for use as irrigating solutions are exempt from the
requirements of Particulate Matter in Injections

788 . Radiopharmaceutical preparations are

exempt from the requirements of Particulate Matter in Injections 788 . Parenteral products
for which the labeling specifies the use of a final filter prior to administration are exempt from
the requirements of Particulate Matter in Injections
available to justify this exemption.

788 , provided that scientific data are

USP36

STERILITY
Sterility Tests—Preparations for injection meet the requirements under Sterility Tests
CONSTITUTED SOLUTIONS

71 .
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Dry solids from which constituted solutions are prepared for injection bear titles of the form
[DRUG] for Injection. Because these dosage forms are constituted at the time of use by the
health-care practitioner, tests and standards pertaining to the solution as constituted for
administration are not included in the individual monographs on sterile dry solids or liquid
concentrates. However, in the interest of assuring the quality of injection preparations as they
are actually administered, the following nondestructive tests are provided for demonstrating the
suitability of constituted solutions when they are prepared just prior to use.
Completeness and Clarity of Solution—Constitute the solution as directed in the labeling
supplied by the manufacturer for the sterile dry dosage form.
A:The solid dissolves completely, leaving no visible residue as undissolved matter.
B:The constituted solution is not significantly less clear than an equal volume of the diluent or
of Purified Water contained in a similar vessel and examined similarly.
Particulate Matter—Constitute the solution as directed in the labeling supplied by the
manufacturer for the sterile dry dosage form: the solution is essentially free from particles of
foreign matter that can be observed on visual inspection.

INTRODUCTION
Parenteral drug products include both injections and implanted drug products, which are
injected through the skin or other external boundary tissue or implanted within the body to
allow the direct administration of the active drug substance(s) into blood vessels, organs,
tissues, or lesions. Implanted drug products are long-acting dosage forms that provide
continuous release of the active drug substance(s) often for periods of months to years. For
systemic delivery they may be placed subcutaneously, or for local delivery they may be placed
in a specific region of the body. Routes of administration for parenteral drug products include
intravenous, intraventricular, intra-arterial, intra-articular, subcutaneous, intramuscular,
intrathecal, intracisternal, and intraocular.
Parenteral dosage forms include solutions, suspensions, emulsions, liposomes, micelles and
microparticles or nanoparticles, powders that are reconstituted before injection, in situ gels,
implants, and combination products such as drug-eluting stents. The reader is directed to
general information chapter Pharmaceutical Dosage Forms 1151 and to the later sections of
this chapter for additional descriptions of dosage forms that fall into the general category of
parenteral drug products. Nomenclature 1121 provides information on nomenclature used to
establish USP names and monograph titles for parental drug products.
Both injections and implanted parenteral drug products may exist in either immediate- or
modified-release dosage forms.
Drug Product Quality and Drug Product Performance Tests
Procedures and acceptance criteria for testing parenteral drug products are divided into two
categories: (1) those that assess product quality attributes, e.g., identification, sterility, and
particulate matter, which are contained in this chapter, and (2) those that assess product
performance, e.g., in vitro release of the drug substance from the drug product. Quality tests
assess the integrity of the dosage form, whereas the performance tests assess performance

PF 38(6): Nov.-Dec. 2012

42

(bioavailability) after the product has been administered to the patient.
PRODUCT QUALITY TESTS COMMON TO ALL PARENTERAL DOSAGE FORMS
Universal Tests
Universal tests are listed below and are applicable to all parenteral dosage forms.
Description: A qualitative description of the dosage form should be provided. The acceptance
criteria should include the final acceptable appearance. If color changes during storage, a
quantitative procedure may be appropriate. It specifies the content or the label claim of the
article. Additional information about commonly used terms and definitions can be found in
Nomenclature

1121 .

Identification: Identification tests should establish the identity of the drug or drugs present in
the article and should discriminate between compounds of closely related structure that are
likely to be present. The most conclusive test for identity is the infrared absorption spectrum
(see Spectrophotometry and Light-Scattering

851

and Spectrophotometric Identification

Tests 197 ). If no suitable infrared spectrum can be obtained, other analytical methods can
be used. Near-infrared or Raman spectrophotometric methods also could be acceptable for the
sole identification of the drug product formulation (see Near-Infrared Spectrophotometry
1119 and Raman Spectroscopy 1120 ). Identification solely by a single chromatographic
retention time is not regarded as specific. However, the use of two chromatographic
procedures for which the separation is based on different principles or a combination of tests in
a single procedure can be acceptable (see Chromatography
Chromatographic Identification

621

and Thin-Layer

201 ). Additional information regarding identification tests

can be found in Identification Tests—General

191

and Mass Spectrometry

736 .

Assay: A specific and stability-indicating test should be used to determine the strength
(content) of the drug product (see Antibiotics—Microbial Assays

81 , Chromatography

621

, or Assay for Steroids 351 ). In cases when the use of a nonspecific assay is justified,
other supporting analytical procedures should be used to achieve overall specificity. A specific
procedure should be used when there is evidence of excipient interference with the nonspecific
assay. Additional information about specific assays can be found in Barbiturate Assay
Epinephrine Assay

391 , Nitrate Titration

Spectrophotometry and Light-Scattering

451 , Alcohol Determination

851 , and Ion Chromatography

361 ,

611 ,
1065 .

Impurities: Process impurities, synthetic by-products, and other inorganic and organic
impurities may be present in the drug substance and excipients used in the manufacture of the
drug product. These impurities are controlled by the drug substance and excipient monographs.
Organic impurities arising from the degradation of the drug substance and those arising during
the manufacturing process of the drug product should be monitored. All articles should be
tested to ensure that they meet the requirements in Elemental Impurities—Limits
Further information regarding tests for impurities can be found in Residue on Ignition

232 .
281 ,
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Nitrogen Determination
Loss on Ignition

461 , Chromatography

733 , Optical Rotation

Spectrophotometry and Light-Scattering

621 , Plasma Spectrochemistry

781 , Polarography

730 ,

801 , and

851 .

Foreign and particulate matter: Articles intended for parenteral administration should be
prepared in a manner designed to exclude particulate matter as defined in Metal Particles in
Ophthalmic Ointments
Protein Injections

751 , the proposed Subvisible Particulates Matter in Therapeutic

787 , Particulate Matter in Injections

788 , and Particulate Matter in

Ophthalmic Solutions 789 , as well as other foreign matter as appropriate for the dosage
form. Each final container of all parenteral preparations should be inspected to the extent
possible for the presence of observable foreign and particulate matter (hereafter termed visible
particulates) in its contents. The inspection process should be designed and qualified to ensure
that every lot of all parenteral preparations is essentially free from visible particulates, as
defined in the proposed general test chapter Visible Particulates in Injections 790 .
Qualification of the inspection process should be performed with reference to particulates in the
visible range and of a type that might emanate from the manufacturing or filling process. Every
container of which the contents show evidence of visible particulates must be rejected. The
inspection for visible particulates may take place during examination for other critical defects
such as cracked or defective containers or seals or when analysts characterize the appearance
of a lyophilized product.
When the nature of the contents or the container–closure system permits only limited
inspection of the total contents, the 100% inspection of a lot should be supplemented with the
inspection of constituted (e.g., dried) or withdrawn (e.g., from a dark amber container)
contents of a sample of containers from the lot.
Large-volume injections for single-dose infusion and small-volume injections are subject to the
light obscuration or microscopic procedures and limits for subvisible particulate matter set forth
in Particulate Matter in Injections 788 , unless otherwise specified in the chapter or in the
individual monograph. An article packaged as both a large-volume and a small-volume injection
meets the requirements set forth for small-volume injections.
Sterility: The sterility of all drug products intended for parenteral administration should be
confirmed by the use of methods described in Sterility Tests
alternative method.

71

or by an approved

Bacterial endotoxins: All articles intended for parenteral administration should be prepared in
a manner designed to exclude bacterial endotoxins as defined in Bacterial Endotoxins Test
and Pyrogen Test

85

151 .

Labeling: All articles intended for parenteral administration should meet the labeling
requirements defined in Labeling

7 .
Specific Tests

In addition to the universal tests listed above, the following specific tests may be considered
on a case-by-case basis and are referenced in the monograph:

PF 38(6): Nov.-Dec. 2012

44

Physicochemical properties: These include such properties as Osmolality and Osmolarity
785 , pH

791 , Specific Gravity

841 , and Viscosity—Capillary Viscometer Methods

911

.
Uniformity of dosage units: This test is applicable for parenteral drug products and dosage
forms packaged in single-unit containers. It includes both the mass of the dosage form and the
content of the active substance in the dosage form (see Uniformity of Dosage Units

905 ).

Vehicles and added substances
Aqueous vehicles—Aqueous vehicles must meet the requirements of Pyrogen Test

151

or

Bacterial Endotoxins Test 85 , whichever is specified in the monograph. Water for Injection
is generally used as the vehicle. Sodium chloride may be added to render the resulting solution
isotonic and Sodium Chloride Injection or Ringer's Injection may be used in whole or in part
instead of Water for Injection.
Nonaqueous vehicles—Fixed oils used as vehicles are of vegetable origin and are odorless. They
meet the following requirements in the test for Solid Paraffin in the Mineral Oil monograph:
cooling bath maintained at 10
Saponification Value (see Fats and Fixed Oils

401 ): between 185 and 200

Iodine Value (see 401 ): between 79 and 141
meet the requirements of the following tests:
Unsaponifiable Matter (see
Acid Value (see

401 ): NMT 1.5%

401 ): NMT 0.2

Peroxide Value (see

401 ): NMT 5.0

Water, Method Ic (from Water Determination 921 ): NMT 0.1%
Limit of Copper, Iron, Lead, and Nickel. [Note—The test for nickel is not required
if the oil has not been subjected to hydrogenation or if a nickel catalyst has not
been used in processing.] Proceed as directed in the section Trace Metals in
401 :
NMT 1 ppm of copper is found
NMT 1 ppm of iron is found
NMT 1 ppm of lead is found
NMT 1 ppm of nickel is found
synthetic mono- or diglycerides of fatty acids may be used provided they are
liquid and remain clear when cooled to 10
Iodine Value (see

401 ): NMT 140

Added substances—Suitable substances may be added to preparations in order to increase
stability or usefulness unless they are proscribed in the monograph. No coloring agent may be
added to a preparation solely for the purpose of coloring the finished preparation (see Added
Substances in General Notices and Requirements and Antimicrobial Effectiveness Testing 51
):
Observe special care in the choice and use of added substances in preparations with
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volumes that exceed 5 mL. The following limits prevail unless otherwise directed:
mercury and cationic surface-active agents: NMT 0.01%
chlorobutanol, cresol, phenol, and similar substances: NMT 0.5%
sulfur dioxide or an equivalent amount of sulfite, bisulfite, or metabisulfite of
potassium or sodium: NMT 0.2%
Antimicrobial preservative: Antimicrobial agents must be added to preparations intended for
injection that are packaged in multiple-dose containers unless one of the following conditions
prevails: (1) there are different directions in the individual monograph; (2) the substance
contains a radionuclide with a physical half-life of less than 24 h; or (3) the active ingredients
are themselves antimicrobial. Substances must meet the requirements of Antimicrobial
Effectiveness Testing

51

and Antimicrobial Agents—Content

341 .

Container content: Container contents of solutions and of freeze-dried (lyophilized) products
should be determined when appropriate (see the proposed general test chapter Container
Content for Injections

697

and Minimum Fill

755 ).

Water content: The water content of freeze-dried (lyophilized) products should be determined
when appropriate (see Water Determination

921 ).

Biological reactivity: Implantable and combination drug products that contain a polymeric
material should meet the requirements of Biological Reactivity, In Vivo

88 .

Residual solvents: Implantable and combination drug products that contain a polymeric
material should meet the requirements of Residual Solvents

467 .

Globule size distribution: Emulsions should meet the requirements of Globule Size Distribution
in Lipid Injectable Emulsions

729 .

Aluminum content: The aluminum content of large-volume parenterals, small-volume
parenterals, and pharmacy bulk packages used in total parenteral nutrition therapy must not
exceed 25 µg/L.
Completeness of solution: Dry solids from which constituted solutions are prepared should be
tested to ensure complete dissolution in solution (see Completeness of Solution

641 ).

Completeness and clarity of solutions: The following nondestructive tests are performed to
demonstrate suitability of constituted solutions prepared before administration. Constitute the
solution as directed in the labeling supplied by the manufacturer:
The solid dissolves completely, leaving no undissolved matter.
The constituted solution is not significantly less clear than an equal volume of the
diluents or of Purified Water contained in a similar vessel and examined similarly.
The constituted solution is essentially free from particulate matter that can be observed on
visual inspection.
PRODUCT QUALITY TESTS FOR SPECIFIC PARENTERAL DOSAGE FORMS
Product quality tests for the specific dosage forms are listed below. Specific chapter(s)
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reference for the test can be found in the Universal Tests and Specific Tests sections. For
tests for which there is no compendial test, a validated procedure with acceptance criteria
should be used.
Solutions
A solution is a clear, homogeneous liquid dosage form that contains one or more chemical
substances (e.g., drug substances or excipients) dissolved in a solvent (aqueous or
nonaqueous) or a mixture of mutually miscible solvents. Solutions intended for parenteral
administration (e.g., by injection or for irrigation) must be sterile and biocompatible with the
intended administration site. This includes consideration of factors such as tonicity, pH,
pyrogenicity, extraneous particulate matter, and physicochemical compatibility, among others.
Unless otherwise justified, the following tests are required for solutions for injection:
Description
Identification
Assay
Impurities
Foreign and Particulate Matter: Particulate Matter in Injections
Sterility
Bacterial Endotoxins
Physicochemical Properties: pH, Osmolarity and Osmolarity
Antimicrobial Preservatives
Sterile Powders for Injection
Sterile powders for injection consist of drug substances and other components as dryformulation ingredients to ensure the chemical and physical stability of the presentation within
a final-use container. Companion sterile diluent or diluent compartments may be provided to
facilitate constitution to the desired final volume.
The sterile article for injection may be presented in several forms: lyophilized powder intended
for final solution or final suspension, powdered solids intended for final solution or suspension,
microparticles that retain their integrity and are delivered as a sterile suspension, or dry solids
that form viscous liquids or gels upon constitution. The description should include a section
that deals with ease of dispersion and reconstitution. The dose form is a homogenous solid that
is readily constituted to the final form with the specified diluent, and dispersion is completed
with gentle agitation within a few minutes.
Unless otherwise justified, the following tests apply to sterile powders for injection:
Description
Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Physicochemical Properties: pH, Osmolarity and Osmolarity
The following applies to constituted solutions:
Completeness and Clarity of Solution—Constitute the solution as directed in the labeling
supplied by the manufacturer for the sterile dry dosage form. A.) The solid dissolves
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completely, leaving no visible product residue as undissolved matter. B.) The constituted
solution is not significantly less clear than an equal volume of the diluent or of Purified Water
contained in a similar vessel and examined similarly.
Time to solution: The solid dissolves completely, leaving no visible product residue as
undissolved matter. The constituted solution is not significantly less clear than an equal
volume of the diluent or of Purified Water contained in a similar vessel and examined
similarly.
Parameters that apply to liquids also apply to the final constituted form. In addition, the
following parameters for the sterile solids may apply:
In the dry state
Uniformity of Dosage Units 905 : To ensure the consistency of dosage units,
each unit in a batch should have a drug substance content within a narrow
range around the label claim. Dosage units are defined as dosage forms that
contain a single dose or a part of a dose of drug substance in each unit. For
liquid dosage forms analysts should conduct the assay on an amount of wellmixed constituted material that is removed from an individual container under
conditions of normal use, should express the results as delivered dose, and
should calculate the acceptance value.
Water or solvent content may have important effects on reconstitution and
stability. For articles that require water or solvent content control, analysts
should perform one of the following methods or a suitable replacement (see
Water Determination

921 ).

Loss on Drying 731 : The procedure set forth in this chapter determines the
amount of volatile matter of any kind that is driven off under the conditions
specified.
Water Determination 921 : When the article contains water of hydration,
analysts should employ Method I (Titrimetric), Method II (Azeotropic—Toluene
Distillation), or Method III (Gravimetric) as directed in the individual monograph.
Solid-state character: Control of the final dry form is important for
reconstitution.
Appearance: Analysts should assess the level of and the unit variation for the
following parameters:
Color of Cake: Varies within target parameters.
Texture and Homogeneity of Cake: Varies within target parameters.
Presence of Foreign Material: All units with visible foreign material must
be rejected.
Particle Size and Distribution (Dry Powder): Evaluation of the powder
solids for proper solid form and crystallinity is a measure of process
control and consistency.
Particle Size Distribution Estimation by Analytical Sieving 786 : This chapter
can be used for loose powders.
Crystallinity: The crystallinity of a material can be characterized to determine
compliance with the crystallinity requirement where stated in the individual monograph
of a drug substance.
Optical Microscopy

776 : Crystallinity can be characterized by polarized light
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microscopy for qualitative evaluation of the size, shape, and crystallinity of
solids. Unless otherwise specified in the individual monograph, analysts should
mount a solid specimen in mineral oil on a clean glass slide or cover slip and
should examine the mixture using a polarizing microscope: The particles show
birefringence (interference colors) and extinction positions when the microscope
stage is revolved.
Characterization of Crystalline and Partially Crystalline Solids by X-Ray Powder
Diffraction (XRPD) 941 : XRPD demonstrates the quantitative crystallinity of a
defined specimen. Mixtures of solid forms and the absence of crystallinity (for
lyophilized cakes) are readily apparent.
For vehicles and diluents: Guidelines for constitution and suspension of dry powders
are found in the specific monographs. If there is a specific, packaged diluent for use
with a particular product that is not included in a monograph, then the final article is
prepared with them.
For admixtures: Homogenous mixing and full dispersion must be attained within a few
minutes.
Suspensions
Parenteral suspensions are liquid dosage forms that contain solid particles in a state of uniform
dispersion. Suspensions for parenteral administration must be sterile and compatible with the
administration site. Consideration should be given to pH and pyrogenicity, and appropriate limits
should be identified. Physical stability evaluations of parenteral suspension preparations should
include evaluations to confirm that the particle size range of suspended matter does not
change with time and to confirm that the solids in the preparation can be readily resuspended
to yield a uniform preparation.
In addition to the tests for injectable solutions, the following tests are required for suspensions
for injection unless otherwise justified:
Description: This also should assess resuspendability and settling phenomena in addition
to general appearance
Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Physicochemical Properties: pH
Uniformity of Dosage Units
Antimicrobial Preservatives
Microparticles
Injectable, resorbable microparticles for extended release generally range from 20–100 µm in
diameter. They consist of drug substances embedded within a biocompatible, bioresorbable
polymeric excipient, e.g., polyester excipients. Microparticles are provided as a sterile powder in
a vial or syringe.
Just before intramuscular or subcutaneous administration, the microparticle powder should be
suspended in an aqueous injection vehicle (diluent). The injection vehicle usually consists of
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Water for Injection, surfactant, and a viscosity enhancer, and the vehicle may contain a
compound that adjusts osmolality, e.g., a sugar with or without a compound that controls pH,
e.g., an acid. The injection vehicle must be sterile and must be tested according to
requirements for solutions that are intended for parenteral administration.
Unless otherwise justified, the following tests are required for microparticles for injection:
Description
Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Uniformity of Dosage Units
Water Content
Residual Solvents
Depending on the drug product, the following tests may be required:
Particle Size Distribution
Foreign and Particulate Matter: Visible Particulates in Injections
Foreign and Particulate Matter: Particulate Matter in Injections
Physicochemical Properties: pH, Osmolarity and Osmolarity
Emulsions
Emulsions for parenteral dosage forms are liquid preparations of drug substances dissolved or
dispersed in a suitable emulsion medium. Oil-in-water or water-in-oil emulsions typically entrap
the drug substance.
Emulsions typically are white, turbid, homogenous liquid dosage forms that contain one or more
chemical substances (e.g., drug substances and excipients) dissolved in a solvent (aqueous or
nonaqueous) or mixture of mutually miscible solvents. Emulsions intended for intravenous
administration must be sterile and must be compatible with the intended administration site.
Unless otherwise justified, the following tests are required for emulsions for injection:
Description
Identification
Assay
Impurities
Foreign and Particulate Matter: Particulate Matter in Injections
Sterility
Bacterial Endotoxins
Physicochemical Properties: pH, Osmolarity and Osmolarity
Globule Size Distribution
Liquid Droplet Size1
Lipid Droplet Size1
Amount of Fat Globules (lipids)1
Percent Free vs. Percent Encapsulated Lipids1
Zeta Potential1
Liposomes
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Liposomes are aqueous dispersions of amphiphilic lipids and have low water solubility. They are
organized as a bilayer sheet that encloses an internal aqueous compartment and are known as
lipid bilayer vesicles. Liposomes can have a single lipid bilayer (unilamellar vesicle) or can have
an onion-like multilayered structure (multilamellar vesicle). The amphiphilic lipids comprise a
hydrated head group at the water interface of the bilayer attached to a hydrophobic group
that forms the interior of the bilayer by association with the hydrophobic group of lipids from
the opposite leaflet of the bilayer. The physical properties of the liposome and its bilayer can
vary widely and depend on lipid composition, aqueous composition, and temperature relative to
the acyl components' phase transition points. Because of the central aqueous compartment, a
simple test for the presence of liposomes in a lipid dispersion is to determine the presence of an
entrapped aqueous phase.
A liposome drug product consists of the drug substance, liposome components, and other
inactive but critical ingredients such as an aqueous dispersion unless the contents are a
lyophilized product.
Unless otherwise justified, the following tests are required for liposomes:
Description
Sterility
Physicochemical Properties: pH
Lipid and fatty acid composition including degree of unsaturation and positional
specificity in acyl side chains and critical degradation products such as lysolipids1
Particle Size1
Particle Size Distribution of Liposomal Vesicles1
Lamellarity1
Phospholipid Composition1
Zeta Potential (surface charge)1
Percent Free vs. Percent Encapsulated Lipids1
Ionic Strength, and Osmotic Strength1
In Situ Gels
Sterile in-situ gels are liquid preparations that are intended for injection into specific
therapeutic targets. Typically they consist of polymers in organic solvents, and upon injection
the solvents migrate away from the site, leaving a gelled mass. The preparations may be
injected as-is, upon reconstitution, from in situ formation, or from chemically initiated catalysis
that results in the final form.
Unless otherwise justified, the following tests are required for in situ gels:
Description
Identification
Assay
Impurities
Foreign and Particulate Matter: Particulate Matter in Injections
Sterility
Bacterial Endotoxins
Physiochemical Properties: Viscosity
Antimicrobial Preservative
Catalyst Initiator Content and Activity 1
Residual Monomer1
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Time to Gel Formation1
Implants
Implants for extended release consist of a matrix of drug substance and polymeric excipient
that may or may not have an outer rate-controlling membrane. The polymeric excipient must be
biocompatible but may or may not be bioresorbable. Some implants are made from medicalgrade metal with an osmotic pump inside that effects the extended release of the drug
substance. Implants must be sterile and usually are formed in the shape of a cylinder, although
other shapes are used. Solvents used to dissolve the formulation can lead to sterilization, and
thus the internal sterility test method should demonstrate that the sample preparation does not
lead to sterilization of the test sample.
Cylindrically shaped implants for systemic delivery usually are provided in an inserter for
subcutaneous or local administration such as local ocular delivery. Implants also can be
surgically implanted for local delivery, e.g., ocular delivery.
Unless otherwise justified, the following tests are required for implants:
Description
Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Uniformity of Dosage Units
Depending on the drug product, the following tests may be required:
Water Content
Residual Solvents
Foreign and Particulate Matter: Particulate Matter in Injections
Foreign and Particulate Matter: Visible Particulates in Injections
Stents
Stents are tiny metal or polymer scaffolds used to keep arteries open following a medical
intervention. Drug-eluting stents are stents in which a drug substance is incorporated into or
onto the stent platform, usually in a polymer matrix. Drug-eluting stents typically have two
components of testing: (1) functional tests that generally are American Society for Testing and
Materials International (ASTM) methods that fall outside the scope of this chapter and (2)
analytical tests.
Unless otherwise justified, the following tests are required for stents:
Description
Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Uniformity of Dosage Units
Biological Reactivity
Residual Solvents
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Particulates1
Polymer Molecular Weight 1
Drug-Eluting Stents
Drug-eluting stents are combination drug products that consist of a stent platform and a
coating, typically a polymer that contains the drug substance. Unless otherwise justified, the
following tests are required for drug-eluting stents:
Description
Identification
Assay
Impurities
Sterility
Bacterial Endotoxins
Uniformity of Dosage Units. The content of the active substance in the dosage form is
applicable for drug-eluting stents packaged in single-unit containers. The test can be
performed by either content uniformity or weight variation (see Uniformity of Dosage
Units

905 ). With appropriate justification, the number of stents needed for this test

may be fewer than the recommended number of stents in 905 .
Biological Reactivity
Residual Solvents
Coating Thickness(es)1
Coating Robustness and Susceptibility to Cracking on Expansion1
Free Drug vs. Encapsulated Drug1
Morphology (surface and cross section)1
Polymer Molecular Weight and Polydispersity1
Copolymer Ratio1
Glass Transition Point 1
Coating Adhesion to Stent Surface1
Tissue Reaction Tests1
Polymer Molecular Weight 1
USP37

1 This nomenclature has been adopted by the USP Drug Nomenclature C ommittee for implementation by
supplemental revisions of USP 23–NF 18. For currently official monograph titles in the form Sterile [DRUG] that
have not yet been revised, the following nomenclature continues in use in this Pharmacopeia: (1) medicaments
or solutions or emulsions thereof suitable for injection, bearing titles of the form [DRUG] Injection; (2) dry
solids or liquid concentrates containing no buffers, diluents, or other added substances, and which, upon the
addition of suitable solvents, yield solutions conforming in all respects to the requirements for Injections, and
which are distinguished by titles of the form Sterile [DRUG]; (3) preparations the same as those described
under (2) except that they contain one or more buffers, diluents, or other added substances, and which are
distinguished by titles of the form [DRUG] for Injection; (4) solids which are suspended in a suitable fluid
medium and which are not to be injected intravenously or into the spinal canal, distinguished by titles of the
form Sterile [DRUG] Suspension; and (5) dry solids which, upon the addition of suitable vehicles, yield
preparations conforming in all respects to the requirements for Sterile Suspensions, and which are
distinguished by titles of the form Sterile [DRUG] for Suspension.
1 For tests for which there is no compendial test, analysts should use a validated procedure with acceptance
criteria.
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BRIEFING
7 Labeling, PF 38(1) [Jan.–Feb. 2012]. On the basis of comments received, this general
chapter is being revised.
This chapter provides definitions and standards for labeling of official articles. Note that, as
with compendial quality standards, labeling requirements also may be enforceable under law. In
the United States, to avoid being deemed misbranded, drugs recognized in USP–NF must be
packaged and labeled in compliance with compendial standards [see the Food, Drug, and
Cosmetic Act (FDCA) sections 501(b), 502(e)(3)(b), 502(g), and 21 Code of Federal
Regulations 299.5]. FDCA also recognizes compendial (USP–NF) packing and labeling standards
for “deteriorative drugs” [502(h)].
The Expert Committee proposes relocating all labeling requirements from the Preservation,
Packaging, Storage, and Labeling section in the General Notices and general chapter Injections
1 to create this new chapter. The labeling standards for ferrules and cap overseals in this
chapter have not changed and will become official on December 1, 2013. Many monographs
have unique labeling requirements that should be used consistently.
(PS: D. Bohannon.)
Correspondence Number—C106248

Comment deadline: January 31, 2013
Add the following:
7

LABELING

DEFINITION
The term labeling designates all labels and other written, printed, or graphic matter on an
article's immediate container or on or in any package or wrapper in which it is enclosed, except
any outer shipping container. The term label designates that part of the labeling on the
immediate container.
A shipping container that contains a single article, unless the container also is essentially the
immediate container or the outside of the consumer package, must be labeled with a minimum
of product identification (except for controlled articles), lot number, expiration date, and
conditions for storage a
nd distribution.
In addition to compendial requirements, articles in USP–NF also are subject to compliance with
more comprehensive labeling requirements promulgated by governmental bodies.
LABELS AND LABELING FOR INJECTABLE PRODUCTS
The label states the following information:
name of the preparation
in the case of a liquid preparation, the percentage content of drug or amount of drug in
a specified volume
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in the case of a dry preparation, the amount of active ingredient drug substance
route(s) of administration
name and quantity of all inactive ingredients
statement of storage conditions and expiration date
name and place of business of the manufacturer, or packer, or distributor
identifying lot number.
The lot number must be traceable to the complete manufacturing history of the specific
package, including all manufacturing, filling, sterilizing, and labeling operations.
If the individual monograph permits varying concentrations of active ingredient drug substance
in a large-volume parenteral (LVP) injection (LVI), , the concentration of each ingredient named
in the official title is stated as if it were part of the official title, e.g., (Dextrose Injection 5%,
or Dextrose (5%) and Sodium Chloride (0.2%) Injection).
If the complete formula is not specified in the individual monograph, the label includes the
following information: (1) In the case of a liquid preparation, the percentage content of each
ingredient or the amount of each ingredient in a specified volume, except that ingredients
added to adjust to a given pH or to make the solution isotonic may be declared by name and a
statement of their effect; and (2) in the case of a dry preparation or other preparation to
which a diluent must be added before use, the amount of each ingredient, the composition of
recommended diluent(s) [the name(s) alone if the formula is specified in the individual
monograph], the amount that will be used to attain a specific concentration of active
ingredient, the final volume of solution, a brief description of the physical appearance of the
constituted solution, directions for proper storage of the constituted solution, and an expiration
or beyond-use date (see Expiration Date and Beyond-Use Date).
Containers for injections that are intended for use as dialysis, hemofiltration, or irrigation
solutions and that contain a volume of more than 1 L should be labeled to indicate that the
contents are not intended for use by intravenous infusion.
Injections that are intended for veterinary use only should be labeled to that effect.
The container shall be labeled so that a sufficient area of the container remains uncovered for
its full length or circumference to permit inspection of the contents.
Strength and Total Volume for Single- and Multiple-Dose Injectable Drug Products
For single- and multiple-dose injectable drug products, the strength per total volume should be
the primary and prominent expression on the principal display panel of the label, followed in
close proximity by strength per mL enclosed by parentheses. For containers that hold a volume
of less than 1 mL, the strength per fraction of an mL should be the only expression of strength.
Strength per single mL should be expressed as mg/mL, not mg/1 mL.
The following formats are acceptable for contents of greater than 1 mL:
total strength/total volume: 500 mg/10 mL
strength/mL: 50 mg/mL
or
total strength/total volume: 25,000 Units/5 mL
strength/mL: 5000 Units/mL.
The following format is acceptable for contents of less than 1 mL: 12.5 mg/0.625 mL.
There are some exceptions to expressing strength per total volume. In certain cases, the
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primary and prominent expression of the total drug content per container would not be
effective in preventing medication errors (e.g., insulin). Another example is the use of lidocaine
or similar drugs for local anesthesia where the product is ordered and administered by
percentage (e.g., 1% or 2%). In such cases, the total strength should be expressed: for
example, 1% (100 mg/10 mL). Dry solids that must be reconstituted should follow the same
format with the exception that only the total strength of the drug should be listed, not the
strength/total volume or strength/mL.
Ferrules and Cap Overseals
Healthcare practitioners using injectable products must be able to easily see and act on
labeling statements that convey important safety messages critical for the prevention of
imminent life-threatening situations. These cautionary labeling statements must be simple,
concise, and devoid of nonessential information. Products that do not require cautionary
statements should be free of information, so that those with cautionary statements are
immediately apparent. Accomplishing this requires a systematic approach to labeling of
injectable products, and one that ensures that the ferrule and cap overseal—an area of these
products that is highly visible to practitioners as they use these medicines—is reserved for
critical safety messages. Accordingly:
1. Only cautionary statements may appear on the top (circle) surface of the ferrule and/or
cap overseal of a vial containing an injectable product. The cautionary statement
should appear on both the ferrule and cap but may appear solely on the ferrule if the
cap overseal is transparent and the cautionary statement beneath the cap is readily
legible. A cautionary statement is one intended to prevent an imminent life-threatening
situation and may include instructional statements that provide potency or other
safety-related instructions if warranted. Examples of such statements include but are
not limited to: “Warning—Paralyzing Agent” and “Dilute before Using.” The cautionary
statement should be printed in a contrasting color and should be clearly visible under
ordinary conditions of use.
2. If no cautionary statement is necessary, the top surface of the vial, including the
ferrule and cap overseal, must remain blank.
3. Other statements or features including but not limited to identifying numbers or letters,
such as code numbers, lot numbers, company names, logos, or product names, etc.,
may appear on the side (skirt) surface of the ferrule on vials containing injectable
products but not on the top (circle) surface of the ferrule or cap overseal. The
appearance of such statements or features on the skirt surface of the ferrule should
not detract from, or interfere with, the cautionary statement on the top surface.
Official December 1, 2013
Potassium Chloride for Injection Concentrate
The use of a black closure system on a vial (e.g., a black cap overseal and a black ferrule to
hold the elastomeric closure) or the use of a black band or series of bands above the
constriction on an ampoule is prohibited, except for Potassium Chloride for Injection
Concentrate.
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Neuromuscular Blocking and Paralyzing Agents
All injectable preparations of neuromuscular blocking agents and paralyzing agents must be
packaged in vials with a cautionary statement printed on the ferrules and cap overseals. Both
the container cap ferrule and the cap overseal must bear in black or white print (whichever
provides the greatest color contrast with the ferrule or cap color) the words: “Warning:
Paralyzing Agent” or “Paralyzing Agent” (depending on the size of the closure system).
Alternatively, the overseal may be transparent and without words, allowing for visualization of
the warning labeling on the closure ferrule.
Aluminum in Large-Volume Parenterals Injections, Small-Volume Parenterals
Injections, and Pharmacy Bulk Packages Used in Total Parenteral Nutrition Therapy
1. The aluminum content of large-volume parenterals (LVPs) LVIs used in total parenteral
nutrition (TPN) therapy must not exceed 25 mcg/L.
2. The package insert of LVPs LVIs used in TPN therapy must state that the drug product
contains no more than 25 mcg of aluminum per L. This information must be contained in
the Precautions section of the labeling of all LVPs LVIs used in TPN therapy.
3. If the maximum amount of aluminum in small-volume parenterals (SVPs) injections (SVIs)
and pharmacy bulk packages (PBPs) is 25 mcg/L or less, instead of stating the exact
amount of aluminum that each contains, as in paragraph (4), the immediate container
label for SVPs SVIs and PBPs used in the preparation of TPN parenterals injections (with
exceptions as noted below) may state: “Contains no more than 25 mcg/L of aluminum.”
If the SVP SVI or PBP is a lyophilized powder, the immediate container label may state
the following: “When reconstituted in accordance with the package insert instructions,
the concentration of aluminum will be no more than 25 mcg/L.”
4. The maximum level of aluminum at expiry must be stated on the immediate container
label of all SVPs SVIs and PBPs used in the preparation of TPN parenterals injections and
injectable emulsions. The aluminum content must be stated as follows: “Contains no
more than ___ mcg/L of aluminum.” The immediate container label of all SVPs SVIs and
PBPs that are lyophilized powder used in the preparation of TPN solutions must contain
the following statement: “When reconstituted in accordance with the package insert
instructions, the concentration of aluminum will be no more than ___ mcg/L.” This
maximum amount of aluminum must be stated as the highest one of the following three
levels:
The highest level for the batches produced during the past three years
The highest level for the latest five batches
The maximum level in terms of historical levels, but only until completion of
production of the first five batches.after 26 July 2004.
The package insert for all LVPs, SVPs, LVIs, SVIs, and PBPs used in the preparation of TPN
products shall contain the following statement in the Warning section of the label:
WARNING: This product contains aluminum that may be toxic. Aluminum may reach toxic levels
with prolonged parenteral administration if kidney function is impaired. Premature neonates are
particularly at risk because their kidneys are immature, and they require large amounts of
calcium and phosphate solutions that contain aluminum.
Research indicates that patients with impaired kidney function, including premature neonates,
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who receive parenteral levels of aluminum at greater than 4 to 5 mcg/kg/day accumulate
aluminum at levels associated with central nervous system and bone toxicity. Tissue loading
may occur at even lower rates of administration of TPN products.
LABELING FOR PRODUCTS AND OTHER CATEGORIES
Amount of Ingredient per Dosage Unit
The strength of a drug product is expressed on the container label in terms of micrograms or
milligrams or grams or percentage of the therapeutically active moiety or drug substance,
whichever form is used in the title, unless otherwise indicated in an individual monograph. Both
the active moiety and drug substance names and their equivalent amounts then are provided in
the labelingon the container label and in the labeling.
Official articles in capsule, tablet, or other dosage forms shall be labeled to express the
quantity of each active ingredient or recognized nutrient contained in each unit. An exception
involves unit-dose Unit-dose oral solutions or suspensions (whether supplied as liquid
preparations or as liquid preparations that are constituted from solids upon addition of a
designated volume of a specific diluent) For these products the label shall shall be labeled to
express the quantity of each active ingredient or recognized nutrient delivered under the
conditions prescribed in Deliverable Volume 698 . Official drug products not in unit dose form
packaging shall be labeled to show the quantity of each active ingredient in each milliliter or in
each gram or to express the percentage of each such ingredient (see General Notices 8.140,
Percentage Concentrations). Exceptions are oral liquids or solids intended to be constituted to
yield oral liquids that, alternatively, can be labeled in terms of each 5-mL portion of the liquid or
resulting liquid. Unless otherwise indicated in a monograph or chapter, declarations of strength
or quantity shall be stated only in metric units. See also General Notices 5.50.10, Units of
Potency (Biological).
Expiration Date and Beyond-Use Date
The label of an official drug product or nutritional or dietary supplement product shall bear an
expiration date. All products shall display the expiration date so that it can be read by an
ordinary individual under customary conditions of purchase and use. The expiration date shall
be prominently displayed in high contrast to the background, or it shall be sharply embossed
and easily understood (e.g., “EXP 6/12,” “Exp. June 12,” or “Expires 6/12”).
The monographs for some preparations state how the labeled expiration date shall be
determined. In the absence of a specific requirement in the individual monograph for a drug
product or nutritional supplement, the label shall bear an expiration date assigned for the
particular formulation and package of the product, with the following exceptions: the label need
not show an expiration date if the drug product or nutritional supplement is packaged in a
container that is intended for sale without prescription, if the labeling states no dosage
limitations, and if the product or supplement is stable for not less than 3 years when stored
under the prescribed conditions.
If an official product is required to bear an expiration date, the product shall be dispensed
solely in or from a container labeled with an expiration date, and the date on which the article
is dispensed shall be within the labeled expiry period. The expiration date identifies the time
during which the article can be expected to meet the requirements of the compendial
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monograph, provided it is kept under the prescribed storage conditions. The expiration date
limits the time during which the article may be dispensed or used. If an expiration date is stated
only in terms of the month and the year, then the intended expiration date is the last day of
the stated month.
The beyond-use date is the date after which a product shall not be used. The dispenser shall
place on the label of the prescription container a suitable beyond-use date to limit the patient's
use of the article based on any information supplied by the manufacturer or this subsection. .
The beyond-use date shall not be later than the expiration date on the manufacturer's
container. Also see the Compounded Preparations subsection below.
For articles that require constitution before use, a suitable beyond-use date for the constituted
product shall be identified in the labeling.
For all other dosage forms, in determining a beyond-use date the dispenser shall take into
account, in addition to any other relevant factors:
nature of the drug
container in which it was packaged by the manufacturer and the expiration date
thereon
characteristics of the patient's container, if the article is repackaged for dispensing
expected storage conditions to which the article may be exposed
unusual storage conditions to which the article may be exposed
expected length of the course of therapy.
After considering these factors, the dispenser shall label a container with a suitable beyond-use
date to limit the patient's use of the article. Unless otherwise specified in the individual
monograph or in the absence of stability data to the contrary, the beyond-use date shall be
not later than (a) the expiration date on the manufacturer's container or (b) 1 year from the
date the drug is dispensed, whichever is earlier. For nonsterile solid and liquid dosage forms
that are packaged in single-unit and unit-dose containers, the beyond-use date shall be 1 year
from the date the drug is packaged into the single-unit or unit-dose container or the expiration
date on the manufacturer's container, whichever is earlier, unless stability data or the
manufacturer's labeling indicates otherwise.
The dispenser shall maintain packaging and storage facilities at a mean kinetic temperature not
greater than 25 . The plastic material used in packaging the dosage forms shall afford better
protection than polyvinyl chloride, which does not adequately protect against moisture
permeation. Dispensers shall keep records of the temperature of the facility where the dosage
forms are stored and of the plastic materials used in packaging.
Compounded Preparations
The label on the container or package of an official compounded preparation shall bear a
beyond-use date after which the compounded preparation should not be used. Because
compounded preparations are intended for administration immediately or following short-term
storage, their beyond-use dates may be assigned, in lieu of an expiration date, based on
criteria that are different from those applied to manufactured drug products.
The monograph for an official compounded preparation typically includes a specified beyond-use
date. The beyond-use date states the time following the date of compounding during which the
preparation, when properly stored, can be used. In the absence of stability information,
beyond-use dating should be assigned as recommended in general chapter Pharmaceutical
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Compounding—Nonsterile Preparations

795 , Stability Criteria and Beyond-Use Dating.in

general chapter Pharmaceutical Compounding—Nonsterile Preparations
Compounded Preparations.

795 , Stability of

Use of Leading and Terminal Zeros
To help minimize the possibility of errors in drug dispensing and administration, when the
quantity of active ingredient is expressed in whole numbers it shall be shown without a decimal
point followed by a terminal zero (e.g., express as 4 mg, not 4.0 mg). When the quantity of
active ingredient is expressed as a decimal number smaller than 1, it shall be shown with a zero
preceding the decimal point (e.g., express as 0.2 mg, not .2 mg).
Labeling for Product Categories
Alcohol
The alcohol content in a liquid preparation shall be stated on the label as a percentage (v/v) of
C2 H5 OH.
Botanicals
The label of a herb or other botanical intended for use as a dietary supplement shall bear the
statement, “If you are pregnant or nursing a baby, seek the advice of a health professional
before using this product.”
Electrolytes
The concentration and dosage of electrolytes for replacement therapy (e.g., sodium chloride or
potassium chloride) shall be stated on the label in milliequivalents (mEq). The label of the
product shall indicate also the quantity of ingredient(s) in terms of weight or percentage
concentration.
Parenteral Injectable and Topical
A product intended for parenteral injection or topical use shall state the names of all added
substances (see General Notices 5.20, Added Substances, Excipients, and Ingredients) and, in
the case of parenteral injection preparations, also their amounts or proportions, except that for
substances added for adjustment of pH or to achieve isotonicity, the label may indicate only
their presence and the reason for their addition.
Salts of Drugs
It is an established principle that official articles shall have only one official title (see separate
compendial nomenclature requirements). For purposes of saving space on labels and because
chemical symbols for the most common inorganic salts of drugs are well known to practitioners,
the following alternatives are permitted in labeling official articles that are salts: HCl for
hydrochloride; HBr for hydrobromide; Na for sodium; and K for potassium. The symbols Na and K
are intended for use in abbreviating names of the salts of organic acids, but these symbols are
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not used when the word Sodium or Potassium appears at the beginning of an official title (e.g.,
Phenobarbital Na is acceptable, but Na Salicylate is not).
Special Capsules and Tablets
The label of any form of Capsule or Tablet intended for administration other than by swallowing
intact shall bear a prominent indication of the manner in which it should be used.
Products That Contain Vitamins
The vitamin content of an official drug product shall be stated on the label in metric units per
dosage unit. The amounts of vitamins A, D, and E also may be stated in USP Units. Quantities
of vitamin A declared in metric units refer to the equivalent amounts of retinol (vitamin A
alcohol). The label of a nutritional supplement shall bear an identifying lot number, control
number, or batch number.
Controlled Room Temperature
Articles may be labeled for storage at “controlled room temperature” or at “up to 25 ”, or other
wording based on the same mean kinetic temperature. (See also Pharmaceutical Stability
1150

and Packaging and Storage Requirements 659 .)
Light-Resistant Container

The label on a light-resistant container (see Containers—Performance Testing 671 , Light
Transmission Test) shall bear a statement that the opaque covering is needed until the
contents are to be used or administered. Where it is directed to “protect from light” in an
individual monograph, preservation in a light-resistant container is intended (see Packaging and
Storage Requirements

659 ).
Single-Unit Container

Each single-unit container shall be labeled to indicate the identity; quantity and/or strength,
name of the manufacturer, lot number, NDC designation, bar codes, and expiration date of the
article (see also Packaging and Storage Requirements

659 ).

Repackaged Single-Unit Container
When repackaged, each single-unit or unit-dose container bears a separate label, unless the
device holding the unit-dose form does not allow for the removal or separation of the intact
single-unit or unit-dose container there from. It is the responsibility of the dispenser, taking
into account the nature of the drug repackaged, any packaging and expiration dating
information in the manufacturer's product labeling, the characteristics of the containers, and
the storage conditions to which the article may be subjected, to place a suitable expiration
date on the label. Repackaged dosage forms must bear on their labels expiration dates as
determined from information in the product labeling (see Expiration Date and Beyond-Use Date
section).
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Single-Dose Container
A single-dose container shall be labeled as such for articles intended for injection administration
only.
Unit-of-Use Container
A unit-of-use container shall be labeled to be dispensed as such without further modification
except for the addition of appropriate labeling (see also Packaging and Storage Requirements
659 ).
Protection from Freezing
The container label shall bear an appropriate instruction to protect the article from freezing if
subject to loss of strength or potency, or to destructive alteration of its characteristics (see
also Packaging and Storage Requirements

659 ).

GENERAL LABELING
Users are reminded to always refer to the General Notices in assessing or applying any
compendial standards. With regard to labeling, for example, the General Notices addresses a
number of labeling-related aspects, among them 3.20 “Indicating Conformance” (when an
article may be labeled USP, NF, or USP–NF, and requirements related to differences in identity,
strength, quality, or purity); 5.20.10 “Added Substances, Excipients, and Ingredients in Official
Substances”; 6.70 “Reagents”; and 8.240 “Weights and Measures” (e.g., microgram may be
labeled either µg or mcg. For labeling or prescribing purposes, “mcg” is preferred). USP37
BRIEFING
268 Porosity by Nitrogen Adsorption–Desorption. On the basis of comments on
current official chapter Porosimetry by Mercury Intrusion 267 and information received, the
General Chapters—Physical Analysis Committee proposes a new test chapter to determine
porosity.
Interested parties are encouraged to submit comments to Hong Wang, PhD, Senior Scientific
Liaison to the General Chapters—Physical Analysis Committee (301.816.8351 or hw@usp.org).
(GCPA: H. Wang.)
Correspondence Number—C72414

Comment deadline: January 31, 2013
Add the following:
268

Porosity by Nitrogen Adsorption–Desorption
INTRODUCTION
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Porosity is a term typically used to indicate the porous nature of solid material and is more
precisely defined as the ratio of the volume of accessible pores and voids to the total volume
occupied by a given amount of the solid. Closed or inaccessible pores that are isolated from the
external surface are excluded from this definition of pore volume. Pores (or voids) may consist
of apertures, channels, or cavities within a solid body or spaces between solid particles in a
compact or aggregate. Pores exist in a variety of solid materials beyond compacts and
aggregates, such as powders and tablets, and their characterization usually involves the
determination of the total pore volume or porosity, as well as the pore size distribution. Pores
generally are classified by size into the following groups:
Micropores—less than 2 nm
Mesopores—2 to 50 nm
Macropores—greater than 50 nm
The method in Porosity by Nitrogen Adsorption–Desorption

268

is complementary to that in

general chapter Porosimetry by Mercury Intrusion 267 . Mercury porosimetry may, in
principle (in theory), be used with pore diameters from 3 nm to 400 µm but is most applicable in
the range from 100 nm to 200 µm. Nitrogen adsorption–desorption can be used to characterize
pores smaller than about 300 nm but is most appropriate for the analysis of mesopores and into
the low macropore range from 2 to 100 nm.
Apparatus
Measurements are most commonly performed using the static volumetric procedure, although
dynamic flow methods also may be employed. Users of commercially available equipment should
refer to the manufacturer's literature and manual for a description of their particular apparatus.
For example, a static volumetric apparatus must provide: evacuation of the system to a
pressure of less than 10 Pa, delivery of known volumes of high-purity nitrogen and helium,
accurate measurement of pressure and temperature, and a means of cooling the sample to
liquid nitrogen temperature.
Measurement Principle
The adsorption of an inert gas onto solid surfaces at low temperatures is a well-known
phenomenon and is the basis for measurement of the surface area of solids (see general
chapter Specific Surface Area 846 ). As gas adsorbs to a surface, it can condense into
accessible pores. The total pore volume and pore size distribution can be derived from the gas
adsorption isotherm, which is the measure of amount adsorbed as a function of adsorbate
partial pressure. Adsorption isotherms fall into six general categories, depending on the relative
energetics of adsorption and the presence of pores. Figure 1 shows six general categories of
adsorption isotherms.
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Figure 1. Isotherm Types. [Reproduced with permission and modification from: Sing KSW,
Everett DH, Haul RAW, et al. Reporting physisorption for gas/solid systems with special
reference to the determination of surface area and porosity (recommendations 1984). Pure Appl
Chem. 1985;57(4):603–619, Figure 2.]
Micropores (pore sizes less than 2 nm) frequently give rise to type I isotherms. Mesopores and
macropores normally yield type IV isotherms, but for pores greater than about 100 nm
hysteresis may be difficult to observe, thus yielding a type II isotherm. Although some
information, such as the total porosity, can be derived for microporous materials, the
determination of pore size distributions in that size range is outside the scope of this chapter.
The preferred adsorbate is nitrogen, and the isotherm is determined at liquid nitrogen
temperature (77.4 K). Other adsorbates may be used for special purposes but are not
discussed in this chapter.
Procedure
SAMPLE PREPARATION
Before analysis, analysts should outgas the sample to remove gases and vapors that may have
become physically adsorbed onto the surface. The outgassing conditions must be demonstrated
to yield reproducible adsorption–desorption, a constant sample weight, and no detectable
physical or chemical changes in the sample. Outgassing of many substances often is achieved
by applying a vacuum, by purging the sample in a flowing stream of a nonreactive, dry gas, or
by applying an adsorption–desorption cycling procedure. If appropriate, analysts can apply
elevated temperatures to increase the rate at which the contaminants leave the surface.
Analysts should be cautious when outgassing samples using elevated temperatures to avoid
affecting the nature of the surface and the integrity of the sample. If heating is employed, the
recommended temperature and time of outgassing should be the minimum needed to achieve
reproducible measurement of the adsorption–desorption isotherm.
Analysts should determine the sample mass after outgassing or, alternatively, should determine
the mass after the adsorption–desorption measurement. The total surface area of the sample
should be greater than 1 m2 and preferably greater than 5 m2.
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ISOTHERM MEASUREMENT
Specific details of the measurement process depend on the procedure used. Analysts should
follow the manufacturer's instructions for the particular instrument used. The following
description is applicable generally:
Analysts should determine the saturated vapor pressure of the adsorbate, p0. It is
preferable to determine p0 experimentally at the time of measurement, but analysts can
use a calculated value.
Analysts should determine the nitrogen sorption isotherm and should measure the
volume adsorbed, Va, at the lowest desired relative pressure (p/p0, the ratio of the
measured adsorbate pressure to its saturated vapor pressure).
Analysts repeat the measurement of Va at successively higher relative pressure values
to the maximum desired relative pressure (generally 0.99). Then they successively
decrease the relative pressure to determine sorbed amounts on the desorption portion
of the isotherm. Analysts should measure at least 20 points on both the adsorption and
desorption segments, covering a relative pressure (p/p0) range of approximately 0.05–
0.99. The p/p0 values can be distributed to achieve the best resolution of the pore size
distribution. If only the desorption segment is being used to calculate the pore size
distribution, fewer points can be used on the adsorption segment.
Data Analysis
EXAMINATION OF THE ISOTHERM
The isotherm is depicted as a plot of quantity of nitrogen adsorbed (as volume, Va, or moles,
na) vs. p/p0. The isotherm data also can be presented in tabular form. From the graph,
determine the isotherm and hysteresis types by comparison to the examples in Figures 1 and 2.
A type I isotherm is common for microporous materials. A type IV isotherm usually is exhibited
by materials that contain mesopores or small macropores.

Figure 2. Hysteresis Loop Types. [Reproduced with permission and modification from: Sing KSW,
Everett DH, Haul RAW, et al. Reporting physisorption for gas/solid systems with special
reference to the determination of surface area and porosity (recommendations 1984). Pure Appl
Chem. 1985;57(4):603–619, Figure 3.]
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Constructing a t-plot or S plot to compare the isotherm of the test sample to that of a
reference isotherm also helps to illustrate the presence of micro- and mesoporosity. The
reference isotherm may be calculated using a mathematical expression, but it is recommended
that an experimentally determined reference isotherm be used when the adsorbent has
chemical properties that are similar to those of the test sample.
The t-plot method is based on the t-curve, which is a plot of the amount of nitrogen adsorbed
on the nonporous solid as a function of t, the statistical thickness of the adsorbed layer. The t
value is calculated:

nm = monolayer amount
a

= thickness of a single molecular layer, usually taken as 0.354 nm for nitrogen

In the S-plot method, the amount of nitrogen adsorbed by the reference nonporous solid is
normalized by using the amount adsorbed at some fixed relative pressure (n¢ a,x), often taken as
0.4. The normalized adsorption S (equal to na/n¢ a,x) then is plotted against p/p0 to obtain an
S-curve.
The t-plot or S-plot is constructed by plotting the amount of nitrogen adsorbed by the test
sample against t or S for the reference material, rather than p/p0. The conversion of p/p0 to t
or S is carried out by reference to the t-curve or S-curve. The shape of the plot depends on
the nature of the porosity present in the test sample, as follows:
a. if the t- or S-plot is linear and passes through the origin, the test sample is nonporous
or macroporous
b. if the test sample contains mesopores, the plot shows an upward deviation at the
relative pressure corresponding to the onset of capillary condensation in the smallest
mesopores
c. if the test sample contains micropores, the plot exhibits a downward deviation because
multilayers cannot fully develop within the constricted space inside the micropores.
Some materials contain combinations of pores, which may result in a complex plot that is
difficult to interpret. In such cases analysts should be cautious when they analyze the
isotherm.
CALCULATION OF PORE SIZE DISTRIBUTION
This analysis is valid only for calculations of the size distributions of mesopores.
Calculation of the pore size distribution is based on the Kelvin equation:
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rK = core radius of the pore (or Kelvin radius) (nm)
I

= adsorbate (nitrogen) liquid surface tension (N/m)

I

= molar volume of the condensed adsorbate (nitrogen) (cm3/mol)

R = universal gas constant, 8.3144 (J·K 1·mol 1)
T = temperature (K)
= adsorbate contact angle (0 for a wetted surface)
For nitrogen, equation 2 reduces to:

The actual pore radius, rp, is calculated from the Kelvin radius by correcting for the thickness,
t, of the adsorbate on the pore walls. For cylindrical pores, rp = rk + t, and the pore diameter,
dp, is given by dp = 2(rk + t). Because of the different geometry of parallel-sided slit-shaped
pores, the slit width is given by rk + 2t.
Analysts can calculate the volume pore size distribution using the method of Barrett, Joyner,
and Halenda. This model assumes that the pores are rigid and of regular shape (e.g., cylindrical
or slit-shaped), micropores are absent, and the pore size distribution does not extend
continuously above the largest pores measurable by this procedure, which implies that all of the
pores evaluated are filled at the highest relative pressure.
Porosity and pore size distribution calculations that employ the Kelvin equation must be
performed using the desorption isotherm. The Kelvin equation was derived for macroscopic
systems and is not strictly valid at the molecular scale. Thus, the Kelvin equation relies on an
intact meniscus in order to accurately describe experimental phenomena. For the systems
discussed in this chapter, this is achieved only for the desorption isotherm. However, for
desorption the application of the Kelvin equation at lower pore sizes is limited by the surface
tension of the adsorbate. The limit is illustrated by the point of closure of the hysteresis loop in
the isotherm. For nitrogen, this point occurs at a relative pressure of about 0.45, corresponding
to a limiting cylindrical pore radius of about 2 nm. Thus the Kelvin equation is not applicable for
micropores.
CALCULATION OF MICROPORE VOLUME
If the t- or S-plot indicates the presence of micropores, the micropore volume can be
obtained from the intercept of the extrapolated linear portion of the curve.
REPORTED RESULTS
Typically reported results may include total pore volume or porosity, micropore volume, median
or mean pore diameter, pore size distribution, and pore surface area.
Calibration and Verification of System Performance
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Analysts should carry out calibration of individual components in accordance with the
manufacturer's recommendations. Calibration of pressure transducers and temperature sensors
is accomplished with reference to standard pressure- and temperature-measuring devices that
have calibrations traceable to national standards. Manifold volume calibration is achieved by
appropriate pressure and temperature measurements using constant-temperature volumetric
spaces or solids of known, traceable volume.
A certified reference material or locally defined reference material that is traceable to a
certified reference material should be tested on a regular basis in order to monitor instrument
calibration and performance. USP37
BRIEFING
571 Vitamin A Assay, USP 35 page 226. On the basis of the USP monograph
modernization efforts, the following changes are proposed.
1.

Delete the test for articles containing tocopherol in the Chemical Method and replace
it with a chromatographic method.
2.
Apply the redesigned style format for the entire chapter where applicable.
3.
Consolidate all the existing chromatographic procedures in the various monographs
by migrating them to the Chromatographic Methods section. As a result, general
chapter 571 will serve as a center for cross-references for all vitamin A procedures
described in the individual monographs.
(DS: H. Dinh.)
Correspondence Number—C109158

Comment deadline: January 31, 2013
571

VITAMIN A ASSAY

Change to read:
CHEMICAL METHOD
The following procedure is provided for the determination of vitamin A as an ingredient of
Pharmacopeial preparations. It conforms to that which was adopted in 1956 for international
use by the International Union of Pure and Applied Chemistry.
Complete the assay promptly, and exercise care throughout the procedure to keep to a
minimum the exposure to actinic light and to atmospheric oxygen and other oxidizing agents,
preferably by the use of low-actinic glassware and an atmosphere of an inert gas.
Special Reagents—
ether—Use ethyl ether, and use it within 24 hours after opening the container.
isopropyl alcohol—Use spectrophotometric-grade isopropyl alcohol (see Isopropyl Alcohol under
Reagent Specifications in the section Reagents, Indicators, and Solutions).
Procedure—Accurately weigh, count, or measure a portion of the test specimen expected to
contain the equivalent of not less than 0.15 mg of retinol but containing not more than 1 g of
fat. If in the form of capsules, tablets, or other solid, so that it cannot be saponified efficiently
by the ensuing instructions, reflux the portion taken in 10 mL of water on a steam bath for
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about 10 minutes, crush the remaining solid with a blunt glass rod, and warm for about 5
minutes longer.
Transfer to a suitable borosilicate glass flask, and add 30 mL of alcohol, followed by 3 mL of
potassium hydroxide solution (9 in 10). Reflux in an all-borosilicate glass apparatus for 30
minutes. Cool the solution, add 30 mL of water, and transfer to a conical separator. Add 4 g of
finely powdered sodium sulfate decahydrate. Extract by shaking with one 150-mL portion of
ether for 2 minutes, and then, if an emulsion forms, with three 25-mL portions of ether.
Combine the ether extracts, if necessary, and wash by swirling gently with 50 mL of water.
Repeat the washing more vigorously with three additional 50-mL portions of water. Transfer the
washed ether extract to a 250-mL volumetric flask, add ether to volume, and mix.
Evaporate a 25.0-mL portion of the ether extract to about 5 mL. Without applying heat and
with the aid of a stream of inert gas or vacuum, continue the evaporation to about 3 mL.
Dissolve the residue in sufficient isopropyl alcohol to give an expected concentration of the
equivalent of 3 µg to 5 µg of vitamin A per mL or to give an absorbance in the range 0.5 to 0.8
at 325 nm. Determine the absorbances of the resulting solution at the wavelengths 310 nm,
325 nm, and 334 nm, with a suitable spectrophotometer fitted with matched quartz cells, using
isopropyl alcohol as the blank.
when tocopherol is present—Transfer to a suitable borosilicate glass flask a test specimen,
accurately measured, or not less than 5 previously crushed capsules or tablets. Reflux in an allborosilicate glass apparatus with 30 mL of alcohol and 3 mL of potassium hydroxide solution (9
in 10) for 30 minutes. Add through the condenser 2.0 g of citric acid monohydrate, washing the
walls of the condenser with 10 mL of water. Cool, and transfer the solution to a conical
separator with the aid of 20 mL of water. Add 4 g of finely powdered sodium sulfate
decahydrate. Extract with one 150-mL portion of ether and then, if an emulsion forms, with
three 25-mL portions of ether. Combine the ether extracts, if necessary, and wash by swirling
gently with 50 mL of water. Repeat the washing more vigorously with three additional 50-mL
portions of water. Transfer the washed ether extract to a 250-mL volumetric flask, and add
ether to volume. Transfer a 100.0-mL aliquot of the resulting ether solution to a conical
separator, and wash once with 50 mL of potassium hydroxide solution (1 in 33), using alcohol, if
necessary, to break any emulsion that forms. Wash by swirling gently with 50 mL of water.
Repeat the washing more vigorously with three additional 50-mL portions of water. Transfer the
washed ether extract to a 100-mL volumetric flask, add ether to volume, and mix.
Evaporate a 50.0-mL aliquot of the ether solution of the unsaponifiable extract to about 5 mL.
Without applying heat and with the aid of a stream of inert gas or vacuum, remove the
residual ether. Dissolve the residue in 50.0 mL of isopropyl alcohol.
Hydrogenated Portion—Pipet 15.0 mL of the isopropyl alcohol solution into a 50-mL centrifuge
tube, add approximately 200 mg of palladium catalyst, stir with a glass rod, and hydrogenate
for 10 minutes in a Hydrogenator such as is described in the Alpha Tocopherol Assay 551 ,
using isopropyl alcohol in the blank tube. Add about 300 mg of chromatographic siliceous earth,
stir with a glass rod, and immediately centrifuge until the solution is clear.
Test a 1-mL aliquot of the solution by removing the solvent by evaporation, dissolving the
residue in 1 mL of chloroform, and adding 10 mL of phosphomolybdic acid TS: no detectable
blue-green color appears. [Note—If a blue-green color appears, repeat the hydrogenation for a
longer time period, or with a new lot of catalyst.]
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Into two separate flasks pipet equal volumes of the Hydrogenated Portion and the untreated
isopropyl alcohol solution, respectively, and add sufficient isopropyl alcohol to give an expected
concentration of vitamin A equivalent to 3 µg to 5 µg per mL. Determine the absorbances of
the untreated solution against the solution from the Hydrogenated Portion as a blank, at the
wavelengths 310 nm, 325 nm, and 334 nm, with a suitable spectrophotometer fitted with
matched quartz cells.
Calculation—Calculate the vitamin A content as follows:
Content (in mg) = 0.549A325 /LC
in which A325 is the observed absorbance at 325 nm; L is the length, in cm, of the absorption
cell; and C is the amount of test specimen expressed as g, capsule, or tablet in each 100 mL of
the final isopropyl alcohol solution, provided that A325 has a value not less than [A325 ]/1.030
and not more than [A325 ]/0.970, where [A325 ] is the corrected absorbance at 325 nm and is
given by the equation:
[A325 ] = 6.815A325 – 2.555A310 – 4.260A334
in which A designates the absorbance at the wavelength indicated by the subscript.
Where [A325 ] has a value less than A325 /1.030, apply the following equation:
Content (in mg) = 0.549[A325 ]/LC
in which the values are as defined herein. Each mg of vitamin A (alcohol) represents 3333 USP
Units of vitamin A.
Confidence Interval—The range of the limits of error, indicating the extent of discrepancy to
be expected in the results of different laboratories at P = 0.05, is approximately ±8%.
CHROMATOGRAPHIC METHOD
The following pressurized liquid chromatographic procedure is provided for the determination of
Vitamin A. Where the use of vitamin A ester (retinyl acetate or retinyl palmitate) is specified in
the following procedure, use the chemical form present in the raw material. Use low-actinic
glassware throughout this procedure.
USP Reference Standards 11 — [Note—Use USP Vitamin A RS, all-trans retinyl acetate, for
assaying pharmaceutical dosage forms that are labeled to contain retinol or vitamin A ester
(retinyl acetate or retinyl palmitate).]
Mobile Phase—Use n-hexane.
System Suitability Preparation—Dissolve an accurately weighed quantity of retinyl palmitate
and USP Vitamin A RS in n-hexane to obtain a solution containing about 7.5 µg per mL of each.
Standard Preparation—Dissolve an accurately weighed quantity of USP Vitamin A RS in
n-hexane, and dilute quantitatively, and stepwise if necessary, to obtain a solution having a
known concentration of about 15 µg of retinyl acetate per mL.
Assay Preparation—Transfer about 15 mg of vitamin A ester (retinyl acetate or retinyl
palmitate), accurately weighed, to a 100-mL volumetric flask, dissolve in and dilute with
n-hexane to volume, and mix. Pipet 5.0 mL of this solution into a 50-mL volumetric flask, dilute
with n-hexane to volume, and mix.
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Chromatographic System (see Chromatography 621 )—The liquid chromatograph is
equipped with a 325-nm detector and a 4.6-mm × 15-cm column that contains packing L8. The
flow rate is about 1 mL per minute. Chromatograph the System Suitability Preparation, and
record the peak responses as directed for Procedure: the resolution, R, between retinyl
acetate and retinyl palmitate is not less than 10; and the relative standard deviation for
replicate injections is not more than 3.0%.
Procedure—Separately inject equal volumes (about 40 µL) of the Standard Preparation and
the Assay Preparation into the chromatograph, record the chromatograms, and measure the
responses for retinyl acetate obtained from the Standard Preparation and the peak area for
retinyl acetate or retinyl palmitate in the chromatogram of the Assay Preparation. Calculate the
quantity, in mg, of vitamin A as the retinol equivalent (C20 H30 O) in the portion of vitamin A
taken by the formula:
0.872CD(rU/rS)
in which 0.872 is the factor used to convert retinyl acetate, obtained from USP Vitamin A RS to
its retinol equivalent; C is the concentration, in mg per mL, of USP Vitamin A RS in the Standard
Preparation; D is the dilution factor, in mL, for the Assay Preparation; and rU and rS are the
peak responses of the retinyl ester obtained from the Assay Preparation and the Standard
Preparation, respectively. [Note—The molar responses of retinyl acetate and retinyl palmitate
are equivalent.]
CHEMICAL METHODS
Procedure 1
The following procedure is provided for the determination of vitamin A in dietary ingredients or
pharmaceutical ingredients. It conforms to the procedure that was adopted in 1956 for
international use by the International Union of Pure and Applied Chemistry.
Complete the assay promptly, and exercise care throughout the procedure to keep to a
minimum the exposure to actinic light and to atmospheric oxygen and other oxidizing agents,
preferably by the use of low-actinic glassware and an atmosphere of an inert gas.
For the test articles that contain tocopherol, an appropriate chromatographic method should be
used.
Sample solution: Accurately weigh, count, or measure a portion of the test specimen
expected to contain the equivalent of NLT 0.15 mg of retinol but containing NMT 1 g of fat. If
in the form of capsules, tablets, or other solid, so that it cannot be saponified efficiently by the
ensuing instructions, reflux the portion taken in 10 mL of water on a steam bath for about 10
min, crush the remaining solid with a blunt glass rod, and warm for about 5 min longer.
Transfer to a suitable borosilicate glass flask, and add 30 mL of alcohol, followed by 3 mL of
potassium hydroxide solution (9 in 10). Reflux in an all-borosilicate glass apparatus for 30 min.
Cool the solution, add 30 mL of water, and transfer to a conical separator. Add 4 g of finely
powdered sodium sulfate decahydrate. Extract by shaking with one 150-mL portion of ether for
2 min, and then, if an emulsion forms, with three 25-mL portions of ether. Combine the ether
extracts, if necessary, and wash by swirling gently with 50 mL of water. Repeat the washing
more vigorously with three additional 50-mL portions of water. Transfer the washed ether
extract to a 250-mL volumetric flask, add ether to volume, and mix.
Evaporate a 25.0-mL portion of the ether extract to about 5 mL. Without applying heat and
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with the aid of a stream of inert gas or vacuum, continue the evaporation to about 3 mL.
Dissolve the residue in sufficient isopropyl alcohol to give an expected concentration of the
equivalent of 3 µg–5 µg of vitamin A per mL or to give an absorbance in the range 0.5–0.8 at
325 nm.
Instrumental conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV
Analytical wavelengths: 310, 325, and 334 nm
Cell: 1 cm
Blank: Isopropyl alcohol
Analysis
Sample: Sample solution
Determine the absorbances of the Sample solution at 310, 325, and 334 nm. Calculate the
vitamin A, as retinol (C20 H30 O) content, in mg, in the portion of sample taken, using one of the
following formulas:
Result = (0.549 × A325)/(L × C)
or
Result = (0.549 × [A325])/(L × C)
L = length of the absorption cell (cm)
C = concentration in the final isopropyl alcohol solution of test specimen (g/100 mL) or
capsules or tablets (units/100 mL)
[A325] = corrected absorbance at 325 nm, calculated:
Result = (6.815 × A325) – (2.555 × A310)

(4.260 × A334)

Each mg of vitamin A, as retinol (C20 H30 O), represents 3333 USP Units of vitamin A.
Use the first formula when A325, the observed absorbance at 325 nm, is between [A325]/1.030
and [A325]/0.970. Use the second formula when [A325] has a value less than A325/1.030. [Note
—The range of the limits of error for this analytical procedure, indicating the extent of
discrepancy to be expected in the results of different laboratories at P = 0.05, is approximately
±8%.]
Procedure 2
This procedure is used for dietary ingredients or pharmaceutical ingredients in the form of pure
retinyl esters or prepared from pure retinyl esters into a vehicle excipient.
Sample solution: Dissolve 25–100 mg, accurately weighed, in 5 mL of pentane, and dilute with
isopropyl alcohol to give an expected concentration of the equivalent of 3–4.5 µg/mL of retinol.
Instrumental conditions
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(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV
Analytical wavelength: 326 nm
Cell: 1 cm
Blank: Isopropyl alcohol
Analysis
Sample: Sample solution
Calculate the vitamin A, as retinol (C20 H30 O) content, in mg, in the portion of sample taken:
Result = (0.570 × A326)/(L × C)
A326 = absorbance at 326 nm
L = length of the absorption cell (cm)
C = concentration of the Sample solution (g/100 mL)
Each mg of vitamin A, as retinol (C20 H30 O), represents 3333 USP Units of vitamin A.
CHROMATOGRAPHIC METHODS
The following liquid chromatographic procedures are provided for the determination of vitamin A
as an active pharmaceutical ingredient, a dietary supplement ingredient, or a component in the
dietary supplements or pharmaceutical dosage forms.
Throughout these procedures, protect solutions containing and derived from the test specimen
and the Reference Standards from the atmosphere and light, preferably by the use of a blanket
of inert gas and low-actinic glassware.
Where an ester form of vitamin A (retinyl acetate or retinyl palmitate) is specified in the
following procedure, use the chemical form present in the formulation and the relevant USP
Reference Standard.
USP Reference Standards
USP Retinyl Acetate RS
USP Retinyl Palmitate RS

11

Procedure 1
This is a neutral procedure that involves the use of dimethyl sulfoxide to dissolve the excipients
in the sample, followed by a liquid–liquid extraction of the vitamin A with hexane. Although its
chromatographic system can separate the 13-cis and all-trans-isomers of vitamin A, only the
all-trans-isomer peak is used for the quantitation of vitamin A. The procedure can be used to
determine vitamin A in Oil-Soluble Vitamins Tablets, Oil-Soluble Vitamins Capsules, Oil- and
Water-Soluble Vitamins Tablets, Oil- and Water-Soluble Vitamins Capsules, Oil- and WaterSoluble Vitamins with Minerals Tablets, and Oil- and Water-Soluble Vitamins with Minerals
Capsules.
Unless specified in the individual monographs, the Standard solutions, Sample solutions, and
System suitability solution are prepared as follows.
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Mobile phase: n-Hexane
Standard solution 1: 15 µg/mL of retinol1 from USP Retinyl Acetate RS in n-hexane
Standard solution 2: 15 µg/mL of retinol2 from USP Retinyl Palmitate RS in n-hexane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard solution 2
Sample solution for raw materials: Transfer about 17 mg of vitamin A ester (retinyl acetate)
or 28 mg of retinyl palmitate, accurately weighed, to a 100-mL volumetric flask, dissolve in and
dilute with n-hexane to volume, and mix. Pipet 5.0 mL of this solution into a 50-mL volumetric
flask, dilute with n-hexane to volume, and mix.
Sample solution for Tablets: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
not exceeding 7.5 g, equivalent to NLT 1 mg of vitamin A, as retinol (C20 H30 O), to a centrifuge
tube having a polytef-lined screw cap. Add about 2 mL of dimethyl sulfoxide and about 3 mL of
n-hexane per each g of powdered Tablets, and shake for 45 min on a shaker in a water bath
maintained at 60 . [Note—Set up the shaker to ensure that the contents of the container are
mixed vigorously and thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the hexane
layer by means of a pipet to a volumetric flask. Add 3 mL of n-hexane per each g of powdered
Tablets to the dimethyl sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane
layer by means of a pipet to the same volumetric flask. Repeat this extraction with three
additional portions of n-hexane. Dilute the extracts in the volumetric flask with n-hexane to
volume. Dilute a volume of this solution with n-hexane to obtain a solution having a nominal
concentration of 15 µg/mL of vitamin A, as retinol (C20 H30 O). [Note—Dilution may not be
necessary.]
Sample solution for Capsules: Transfer the contents of NLT 20 Capsules to a suitable
container, mix, and weigh. Transfer a portion of the mixture, not exceeding 7.5 g equivalent to
NLT 1 mg of vitamin A, as retinol (C20 H30 O), to a centrifuge tube having a polytef-lined screw
cap. [Note—For hard gelatin Capsules, remove, as completely as possible, the contents of NLT
20 Capsules by cutting open the Capsule shells, transferring the shells and their contents to a
suitable container, and triturating to a homogeneous mass. Transfer a portion of the mass,
equivalent to NLT 1 mg of vitamin A, as retinol (C20 H30 O), to a centrifuge tube having a
polytef-lined screw cap.] Add about 2 mL of dimethyl sulfoxide and about 3 mL of n-hexane per
each g of Capsule contents, and shake for 45 min on a shaker in a water bath maintained at 60
. [Note—Set up the shaker to ensure that the contents of the container are mixed vigorously
and thoroughly.] Centrifuge at 3000 rpm for 10 min, and transfer the hexane layer by means of
a pipet to a volumetric flask. Add 3 mL of n-hexane per each g of Capsule contents to the
dimethyl sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane layer by means of
a pipet to the same volumetric flask. Repeat this extraction with three additional portions of nhexane. Dilute the extracts in the volumetric flask with n-hexane to volume. Dilute a volume of
this solution with n-hexane to obtain a solution with a concentration of 15 µg/mL of vitamin A,
as retinol (C20 H30 O). [Note—Dilution may not be necessary.]
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 325 nm

621 , System Suitability.)
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Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: System suitability solution and Standard solution 1 or Standard solution 2
Suitability requirements
Resolution: NLT 10 between all-trans-retinyl acetate and all-trans-retinyl palmitate, System
suitability solution
Relative standard deviation: NMT 3.0%, Standard solution 1 or Standard solution 2
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of all-trans retinyl ester from the Sample solution
rS = peak response of all-trans retinyl ester from Standard solution 1 or Standard solution 2
CS = concentration of Standard solution 1 or Standard solution 2 in terms of retinol (C20 H30 O)
(µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
Procedure 2
This procedure involves the treatment of sample with methanolic sulfuric acid, followed by
extraction with 2,2,4-trimethylpentane. Sample preparation can be used for the formulation
containing vitamins A, D, and E. Application includes Oil-Soluble Vitamins Tablets, Oil-Soluble
Vitamins Capsules, Oil- and Water-Soluble Vitamins Tablets, Oil- and Water-Soluble Vitamins
Capsules, Oil- and Water-Soluble Vitamins with Minerals Tablets, and Oil- and Water-Soluble
Vitamins with Minerals Capsules.
Unless specified in the individual monographs, the Standard solutions, Sample solutions, System
suitability solution, and reagent solutions are prepared as follows.
Mobile phase: n-Hexane and ethyl acetate (99.7:0.3)
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL of
sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Standard solution 1: 15 µg/mL of retinol1 from USP Retinyl Acetate RS in 2,2,4trimethylpentane
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Standard solution 2: 15 µg/mL of retinol2 from USP Retinyl Palmitate RS in 2,2,4trimethylpentane
System suitability solution: Mix equal volumes of Standard solution 1 and Standard solution 2
Sample solution for Tablets: [Note—This preparation is suitable for the determination of
vitamin A, vitamin D, and vitamin E when present in the formulation. The sample amount may be
adjusted depending on the presence or absence of the appropriate vitamins.] Finely powder
NLT 20 Tablets. Use a portion of the powder nominally equivalent to an amount between 0.4
mg and 2.5 mg of retinol. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5
mL of 2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–
pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking until the
evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of dimethyl
sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add 6 mL of 3 N
methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension, and shake for 12
min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension, and
shake for 10 min. Centrifuge for 10 min to break up the emulsion and to clarify the supernatant.
If necessary, quantitatively dilute a volume of the supernatant with 2,2,4-trimethylpentane to
obtain a concentration close to that of the Standard solution.
Sample solution for capsules: [Note—This preparation is suitable for the determination of
vitamin A, vitamin D, and vitamin E when present in the formulation. The sample amount may be
adjusted depending on the presence or absence of the appropriate vitamins.] Weigh NLT 20
Capsules in a tared weighing bottle. Using a sharp blade if necessary, carefully open the
Capsules, without loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the net weight of the Capsule
contents. Transfer a portion of the Capsule contents, equivalent to 2.5 mg of the labeled
amount of vitamin A, as retinol. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution,
and 12.5 mL of 2,2,4-trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium
ascorbate–pyrogallol solution, shake slowly, and allow the solution to degas. Continue shaking
until the evolution of gas has ceased, and then shake for an additional 12 min. Add 6 mL of
dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake for 12 min. Add 6 mL
of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a suspension, and shake
for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension,
and shake for 10 min. Centrifuge for 10 min to break up the emulsion and to clarify the
supernatant. If necessary, quantitatively dilute a volume of the supernatant with 2,2,4trimethylpentane to obtain a concentration close to that of the Standard solution.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 325 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1.5 mL/min
Injection size: 40 µL
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System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 8.0 between all-trans retinyl acetate and all-trans retinyl palmitate
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution 1 or Standard solution 2 and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of all-trans retinyl ester from the Sample solution
rS = peak response of the all-trans retinyl ester from Standard solution 1 or Standard solution
2
CS = concentration of Standard solution 1 or Standard solution 2 in terms of retinol (C20 H30 O)
(µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
[Note—Use 26.5 mL as the final volume of the Sample solution to calculate the nominal
concentration.]
Procedure 3
This procedure involves the saponification of both the standard and sample, followed by a
liquid–liquid extraction of vitamin A from the sample with a mixture of n-hexane and methylene
chloride (3:1). The 13-cis- and all-trans- isomers of vitamin A can be characterized and
quantitated. The procedure can be used for Oil-Soluble Vitamins Tablets, Oil-Soluble Vitamins
Capsules, Oil- and Water-Soluble Vitamins Tablets, Oil- and Water-Soluble Vitamins Capsules,
Oil- and Water-Soluble Vitamins with Minerals Tablets, and Oil- and Water-Soluble Vitamins with
Minerals Capsules.
Unless specified in the individual monographs, the Standard solution, Sample solutions, and
reagent solutions are prepared as follows.
Mobile phase: n-Hexane and isopropyl alcohol (92:8)
Extraction solvent: n-Hexane and methylene chloride (3:1)
Potassium hydroxide solution: 800 mg/mL of potassium hydroxide in water. [Note
—Cautiously add potassium hydroxide in water. Mix, and cool.]
Diluent: 10 mg/mL of pyrogallol in alcohol
Standard solution: Dilute USP Retinyl Acetate RS or USP Retinyl Palmitate RS with Diluent to
obtain a concentration of 8.5 µg/mL of retinol1,2 (C20 H30 O). Transfer 10.0 mL of this solution to
a stoppered 125-mL flask, and add 5 mL of water, 5 mL of Diluent, and 3 mL of Potassium
hydroxide solution. Insert the stopper tightly, shake for 15 min over a water bath maintained at
60 ± 5 , and cool to room temperature. Add 7 mL of water and 25.0 mL of Extraction solvent.
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Insert the stopper tightly, and shake vigorously for 60 s. Rinse the sides of the flask with 60 mL
of water, and allow to stand for 10 min until the layers separate. Withdraw a portion of the
organic layer for injection into the chromatograph. This Standard solution contains 3.4 µg/mL of
retinol.
Sample solution for Capsules: Weigh NLT 20 Capsules in a tared weighing bottle. Open the
Capsules, without loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the net weight of the Capsule
contents. Transfer a portion of the Capsule contents, equivalent to 1.3 mg of retinol, to a
stoppered 125-mL flask. Add 5 mL of water, 15 mL of Diluent, and 3 mL of Potassium hydroxide
solution. Insert the stopper tightly, shake for 15 min over a water bath maintained at 60 ± 5 ,
and cool to room temperature. Add 7 mL of water and 25.0 mL of Extraction solvent. Insert the
stopper tightly, and shake vigorously for 60 s or longer, if necessary, for complete extraction.
Rinse the sides of the flask with 60 mL of water, and allow to stand for 10 min until the layers
separate. [Note—Do not shake, because an emulsion may form.] Withdraw a portion of the
organic layer, and dilute quantitatively and stepwise if necessary, with Extraction solvent, to
obtain a concentration of 3.4 µg/mL of retinol.
Sample solution for Tablets: Finely powder a counted number of Tablets. Transfer a portion
of the powder, equivalent to 1.3 mg of retinol, to a stoppered 125-mL flask. Add 5 mL of water,
15 mL of Diluent, and 3 mL of Potassium hydroxide solution. Insert the stopper tightly, shake
for 15 min over a water bath maintained at 60 ± 5 , and cool to room temperature. Add 7 mL of
water and 25.0 mL of Extraction solvent. Insert the stopper tightly, and shake vigorously for 60
s or longer, if necessary, for complete extraction. Rinse the sides of the flask with 60 mL of
water, and allow to stand for 10 min until the layers separate. [Note—Do not shake, because
an emulsion may form.] Withdraw a portion of the organic layer, and dilute with Extraction
solvent to obtain a concentration of 3.4 µg/mL of retinol.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 335 nm
Column: 6.2-mm × 8-cm; packing L3
Column temperature: 40
Flow rate: 4 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of sample taken:
Result = (rT1/rT2) × (CS/CU) × 100
rT1 = sum of peak responses of all-trans retinyl ester and 13-cis-retinyl ester peaks from the
Sample solution
rT2 = sum of peak responses of all-trans retinyl ester and 13-cis-retinyl ester peaks from the
Standard solution
CS = concentration of the Standard solution in terms of retinol (C20 H30 O) ( µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution ( µg/mL)
Procedure 4
This procedure involves a liquid–liquid extraction of vitamin A from the sample with hexane,
followed by the evaporation of hexane and reconstitution of the residue in tetrahydrofuran and
acetonitrile mixture (1:1). It can be used for the determination of vitamin A in Oil- and WaterSoluble Vitamins Oral Solution and Oil- and Water-Soluble Vitamins with Minerals Oral Solution.
Unless specified in the individual monographs, the Standard solution, Sample solution, and
Diluent are prepared as follows.
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5:46.5:7.0)
Diluent: Tetrahydrofuran and acetonitrile (1:1)
Standard solution: 0.33 mg/mL of retinol1,2 (C20 H30 O) from USP Retinyl Acetate RS or USP
Retinyl Palmitate RS in Diluent.
Sample solution for liquid dosage forms: Transfer an accurately measured volume of Oral
Solution, equivalent to 3.3 mg of retinol, to a 500-mL separatory funnel containing 10 mL of
water and 20 mL of dehydrated alcohol. Add 150 mL of solvent hexane, insert the stopper, and
shake for 1 min. Add another 150 mL of solvent hexane, insert the stopper, shake, and allow
the layers to separate. Discard the aqueous layer, and filter the solvent hexane extract
through anhydrous sodium sulfate into a 500-mL, round-bottom flask. Evaporate the solution to
dryness with the aid of a rotary evaporator over a water bath maintained at about 65 .
Immediately add 10.0 mL of Diluent, swirl to dissolve the residue, and filter.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 50-cm (prepared from two concatenated 4.6-mm × 25-cm columns);
packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
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Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of vitamin A, as retinol (C20 H30 O), in the
portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of all-trans retinyl ester from the Sample solution
rS = peak response of all-trans retinyl ester from the Standard solution
CS = concentration of the Standard solution in terms of retinol (C20 H30 O) (µg/mL)
CU = nominal concentration of vitamin A, as retinol (C20 H30 O), in the Sample solution (µg/mL)
USP37

1 Use the value of 0.872 to convert retinyl acetate to its retinol equivalent.
2 Use the value of 0.546 to convert retinyl palmitate to its retinol equivalent.

BRIEFING
581 Vitamin D Assay, USP 35 page 227. On the basis of USP monograph modernization
efforts, the following changes are proposed:
1.

Delete the current Chromatographic Method that is no longer applicable to any
existing monographs.
2.
Delete the Chemical Method and the Biological Method that are outdated and are no
longer being used.
3.
Apply the re-designed format to the entire chapter where applicable.
4.
Consolidate all the existing chromatographic procedures in the various monographs
by migrating them to the Chromatographic Methods section. As a result, general
chapter 581 will serve as a center for cross-references for all vitamin D procedures
described in the individual monographs.
(DS: H. Dinh.)
Correspondence Number—C114752

Comment deadline: January 31, 2013
581

VITAMIN D ASSAY

Change to read:
Chromatographic Method
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The following pressurized liquid chromatographic procedure is provided for the determination of
vitamin D, as cholecalciferol or as ergocalciferol, as an ingredient of Pharmacopeial multiplevitamin preparations.
Throughout this assay, protect solutions containing, and derived from, the test specimen and
the Reference Standard from the atmosphere and light, preferably by the use of a blanket of
inert gas and low-actinic glassware.
USP Reference Standards 11 — [Note—Use USP Ergocalciferol RS, or USP Cholecalciferol
RS, for assaying pharmaceutical dosage forms that are labeled to contain vitamin D as
ergocalciferol, or as cholecalciferol, respectively.] USP Cholecalciferol RS. USP
D4,6-Cholestadienol RS. USP Ergocalciferol RS. USP Vitamin D Assay System Suitability RS.
Special Reagents and Solutions—
Ether—Use ethyl ether. Use within 24 hours after opening container.
Dehydrated Hexane—Prepare a chromatographic column by packing a chromatographic tube, 60
cm × 8 cm in diameter, with 500 g of 50- to 250-µm chromatographic siliceous earth, activated
by drying at 150 for 4 hours (see Column Adsorption Chromatography under Chromatography
621 ). Pass 500 mL of hexanes through the column, and collect the eluate in a glassstoppered flask.
Butylated Hydroxytoluene Solution—Dissolve a quantity of butylated hydroxytoluene in
chromatographic hexane to obtain a solution containing 10 mg per mL.
Aqueous Potassium Hydroxide Solution—Dissolve 500 g of potassium hydroxide in 500 mL of
freshly boiled water, mix, and cool. Prepare this solution fresh daily.
Alcoholic Potassium Hydroxide Solution—Dissolve 3 g of potassium hydroxide in 50 mL of freshly
boiled water, add 10 mL of alcohol, dilute with freshly boiled water to 100 mL, and mix. Prepare
this solution fresh daily.
Sodium Ascorbate Solution—Dissolve 3.5 g of ascorbic acid in 20 mL of 1 N sodium hydroxide.
Prepare this solution fresh daily.
Sodium Sulfide Solution—Dissolve 12 g of sodium sulfide in 20 mL of water, dilute with glycerin
to 100 mL, and mix.
Mobile Phase A—Prepare a mixture of acetonitrile, methanol, and water (25:25:1). The
amount of water and the flow rate may be varied to meet system suitability requirements.
Mobile Phase B—Prepare a 3 in 1000 mixture of n-amyl alcohol in Dehydrated Hexane. The
ratio of components and the flow rate may be varied to meet system suitability requirements.
Internal Standard Solution—Transfer 15 mg of USP D4,6-Cholestadienol RS, accurately
weighed, to a 200-mL volumetric flask, add a 1 in 10 mixture of toluene and Mobile Phase B to
volume, and mix.
Standard Preparation—Transfer about 25 mg of USP Ergocalciferol RS or Cholecalciferol RS,
accurately weighed, to a 50-mL volumetric flask, dissolve without heat in toluene, add toluene
to volume, and mix. Pipet 10 mL of this stock solution into a 100-mL volumetric flask, dilute
with toluene to volume, and mix. Prepare stock solution fresh daily.
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Assay Preparation—
For oily solutions—Accurately weigh a portion of the specimen to be assayed, preferably more
than 0.5 g and equivalent to about 125 µg of cholecalciferol or ergocalciferol (5000 USP Units).
Add 1 mL of Sodium Ascorbate Solution, 25 mL of alcohol, and 2 mL of Aqueous Potassium
Hydroxide Solution, and mix.
For capsules or tablets—Reflux not less than 10 capsules or tablets with a mixture of 10 mL of
Sodium Ascorbate Solution and 2 drops of Sodium Sulfide Solution on a steam bath for 10
minutes, crush any remaining solids with a blunt glass rod, and continue heating for 5 minutes.
Cool, add 25 mL of alcohol and 3 mL of Aqueous Potassium Hydroxide Solution, and mix.
For dry preparations and aqueous dispersions—Accurately weigh a portion of the specimen to
be assayed, preferably more than 0.5 g and equivalent to about 125 µg of cholecalciferol or
ergocalciferol (5000 USP Units). Add, in small quantities and with gentle swirling, 25 mL of
alcohol, 5 mL of Sodium Ascorbate Solution, and 3 mL of Aqueous Potassium Hydroxide Solution.
saponification and extraction—Reflux the mixture prepared from the specimen to be assayed
on a steam bath for 30 minutes. Cool rapidly under running water, and transfer the saponified
mixture to a conical separator, rinsing the saponification flask with two 15-mL portions of
water, 10 mL of alcohol, and two 50-mL portions of ether. Shake the combined saponified
mixture and rinsings vigorously for 30 seconds, and allow to stand until both layers are clear.
Transfer the aqueous phase to a second conical separator, add a mixture of 10 mL of alcohol
and 50 mL of solvent hexane, and shake vigorously. Allow to separate, transfer the aqueous
phase to a third conical separator, and transfer the hexane phase to the first separator, rinsing
the second separator with two 10-mL portions of solvent hexane, adding the rinsings to the
first separator. Shake the aqueous phase in the third separator with 50 mL of solvent hexane,
and add the hexane phase to the first separator. Wash the combined ether-hexane extracts by
shaking vigorously with three 50-mL portions of Alcoholic Potassium Hydroxide Solution, and
wash with 50-mL portions of water vigorously until the last washing is neutral to
phenolphthalein. Drain any remaining drops of water from the combined ether-hexane extracts,
add 2 sheets of 9-cm filter paper, in strips, to the separator, and shake. Transfer the washed
ether-hexane extracts to a round-bottom flask, rinsing the separator and paper with solvent
hexane. Combine the hexane rinsings with the ether-hexane extracts, add 5.0 mL of Internal
Standard Solution and 100 µL of Butylated Hydroxytoluene Solution, and mix. Evaporate to
dryness in vacuum by swirling in a water bath maintained at a temperature not higher than 40 .
Cool under running water, and introduce nitrogen sufficient to restore atmospheric pressure.
Without delay, dissolve the residue in 5.0 mL of a mixture of equal volumes of acetonitrile and
methanol, or in a measured portion of the acetonitrile-methanol mixture until the concentration
of vitamin D is about 25 µg per mL, to obtain the Assay Preparation.
Chromatographic System—Use a chromatograph, operated at room temperature, fitted with
an UV detector that monitors absorption at 254 nm, a 30-cm × 4.6-mm stainless steel cleanup
column packed with column packing L7 and using Mobile Phase A, and a 25-cm × 4.6-mm
stainless steel analytical column packed with column packing L3 and using Mobile Phase B.
Cleanup Column System Suitability Test—Pipet 5 mL of the Standard Preparation into a roundbottom flask fitted with a reflux condenser, and add 2 or 3 crystals of butylated
hydroxytoluene. Displace the air with nitrogen, and heat in a water bath maintained at a
temperature of 90 in subdued light under an atmosphere of nitrogen for 45 minutes, to obtain
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a solution containing vitamin D and pre-vitamin D. Cool, add 10.0 mL of Internal Standard
Solution, mix, and evaporate in vacuum to dryness by swirling in a water bath maintained at a
temperature not higher than 40 . Cool under running water, and introduce nitrogen sufficient to
restore atmospheric pressure. Without delay, dissolve the residue in 10.0 mL of a mixture of
equal volumes of acetonitrile and methanol, and mix. Inject 500 µL of this solution into the
cleanup column, and record the chromatogram as directed under Procedure. The chromatogram
exhibits a peak exhibiting a retention time between 5 and 9 minutes, corresponding to the
separation under a single peak of the mixture of vitamin D, pre-vitamin D, and D4,6cholestadienol from other substances. Adjust the water content or other operating parameters,
if necessary (see Mobile Phase A).
Analytical Column System Suitability Test—Transfer about 100 mg of USP Vitamin D Assay
System Suitability RS to a 100-mL volumetric flask, add a 1 in 20 mixture of toluene and Mobile
Phase B to volume, and mix. Heat a portion of this solution, under reflux, at 90 for 45 minutes,
and cool. Chromatograph five injections of the resulting solution, and measure the peak
responses as directed for Procedure: the resolution, R between trans-cholecalciferol and precholecalciferol is not less than 1.0. and the relative standard deviation for the cholecalciferol
peak response does not exceed 2.0%. [Note—Chromatograms obtained as directed for this test
exhibit relative retention times of approximately 0.4 for pre-cholecalciferol, 0.5 for
trans-cholecalciferol, and 1.0 for cholecalciferol.]
Calibration—
Vitamin D Response Factor—Transfer 4.0 mL of the Standard Preparation and 10.0 mL of
Internal Standard Solution to a 100-mL volumetric flask, dilute with Mobile Phase B to volume,
and mix to obtain the Working Standard Preparation. Store this Working Standard Preparation
at a temperature not above 0 , retaining the unused portion for the Procedure. Inject 200 µL
of the Working Standard Preparation into the analytical column, and measure the peak
responses for vitamin D and for D4,6-cholestadienol. The relative retention time of D4,6cholestadienol is about 1.3. Calculate the response factor, F D, by the formula:
CS/(RSCR)
in which CS and CR are the concentrations, in µg per mL, of vitamin D and D4,6-cholestadienol,
respectively, in the Working Standard Preparation, and Rs is the ratio of the peak response of
vitamin D to that of D4,6-cholestadienol.
Pre-Vitamin D Response Factor—Pipet 4 mL of the Standard Preparation into a round-bottom
flask fitted with a reflux condenser, and add 2 or 3 crystals of butylated hydroxytoluene.
Displace the air with nitrogen, and heat in a water bath maintained at a temperature of 90 in
subdued light under a nitrogen atmosphere for 45 minutes, to obtain a solution containing
vitamin D and pre-vitamin D. Cool, transfer with the aid of several portions of Mobile Phase B to
a 100-mL volumetric flask containing 10.0 mL of Internal Standard Solution, dilute with Mobile
Phase B to volume, and mix to obtain the Working Mixture. Inject 200 µL of this Working
Mixture into the analytical column, and measure the peak responses for vitamin D, pre-vitamin
D, and D4,6-cholestadienol. Calculate the concentration, C¢ s , in µg per mL, of vitamin D in the
(heated) Working Mixture by the formula:
F DCR R¢ S
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in which CR is the concentration, in µg per mL, of D4,6-cholestadienol, and R¢ S is the ratio of
the peak response for vitamin D to that for D4,6-cholestadienol. Calculate the concentration,
C¢ PRE , in µg per mL, of pre-vitamin D, in the Working Mixture by the formula:
C¢ PRE = CS – C¢ S
Calculate the response factor, F PRE , for pre-vitamin D by the formula:
(F DR¢ SC¢ PRE )/(R¢ PRE C¢ S)
in which R¢ PRE is the ratio of the peak response of pre-vitamin D to that of D4,6-cholestadienol.
[Note—Value of F PRE determined in duplicate, on different days, can be used during the whole
procedure.]
Procedure—Inject 500 µL of the Assay Preparation into the cleanup column, and collect the
fraction representing 0.7 to 1.3 relative to the retention time of the mixed vitamin D peak (see
Cleanup Column System Suitability Test) in a round-bottom flask. Add 50 µL of Butylated
Hydroxytoluene Solution, mix, and evaporate in vacuum to dryness by swirling in a water bath
maintained at a temperature not higher than 40 . Cool under running water, and introduce
nitrogen sufficient to restore atmospheric pressure. Without delay, dissolve the residue in 5.0
mL of a 1 in 20 mixture of toluene and Mobile Phase B, and mix. Inject 200 µL of this solution
into the analytical column, and measure the peak responses for vitamin D, pre-vitamin D, and
D4,6-cholestadienol. Calculate the concentration, in µg per mL, of cholecalciferol (C27 H44 O) or
ergocalciferol (C28 H44 O) in the Assay Preparation by the formula:
(R¢¢ DF D + R¢¢ PRE F PRE )C¢¢ R
in which R¢¢ D is the ratio of the peak response of vitamin D to that of D4,6-cholestadienol; R¢¢ PRE
is the ratio of the peak response of pre-vitamin D to that of D4,6-cholestadienol; and C¢¢ R is the
concentration, in µg per mL, of D4,6-cholestadienol in the Assay Preparation.
Chemical Method
The following procedure is provided for the determination of vitamin D as an ingredient of
Pharmacopeial preparations.
Complete the assay promptly, and exercise care throughout the procedure to keep to a
minimum the exposure to air and to actinic light, preferably by the use of a blanket of inert gas
and low-actinic glassware.
USP Reference Standards 11 —[Note—Use USP Ergocalciferol RS, or USP Cholecalciferol RS,
for assaying pharmaceutical dosage forms that are labeled to contain vitamin D as
ergocalciferol, or as cholecalciferol, respectively.] USP Cholecalciferol RS. USP Ergocalciferol RS.
Special Reagents and Solutions—
Chromatographic Fuller's Earth—Use chromatographic Fuller's earth having a water content
corresponding to between 8.5% and 9.0% of loss on drying.
Solvent Hexane—Use solvent hexane (see under Reagents, Indicators, and Solutions),
redistilling if necessary so that it meets the following additional specification:
spectral purity—Measure in a 1-cm cell at 300 nm, with a suitable spectrophotometer, against
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air as the blank: the absorbance is not more than 0.070.
Ethylene Dichloride—Purify by passage through a column of granular (20 to 200 mesh) silica gel.
Potassium Hydroxide Solution—Dissolve 500 g of potassium hydroxide in water to make 1000
mL.
Butylated Hydroxytoluene Solution—Dissolve 10 mg of butylated hydroxytoluene in 100 mL of
alcohol. Prepare this solution fresh daily.
Ether—Use freshly distilled ether, discarding the first and last 10% portions of the distillate.
Color Reagent—Prepare two stock solutions as follows.
solution a—Empty, without weighing, the entire contents of a previously unopened 113-g bottle
of dry, crystalline antimony trichloride into a flask containing about 400 mL of Ethylene
Dichloride. Add about 2 g of anhydrous alumina, mix, and pass through filter paper into a clearglass, glass-stoppered container calibrated at 500 mL. Dilute with Ethylene Dichloride to 500
mL, and mix: the absorbance of the solution, measured in a 20-mm cell at 500 nm, with a
suitable spectrophotometer, against Ethylene Dichloride, does not exceed 0.070.
solution b—Mix, under a hood, 100 mL of acetyl chloride and 400 mL of Ethylene Dichloride.
Mix 45 mL of Solution A and 5 mL of Solution B to obtain the Color Reagent. Store in a tight
container, and use within 7 days, but discard any reagent in which a color develops.
Chromatographic Tubes—
First Column—Arrange for descending column chromatography a tube of 2.5-cm (inside)
diameter, about 25 cm long, and constricted to 8-mm diameter for a distance of 5 cm at the
lower end, by inserting at the point of constriction a coarse-porosity, sintered-glass disk or a
small plug of glass wool. The constricted portion may be fitted with an inert, plastic stopcock.
Second Column—Select a tube that is made up of three sections: (1) a flared top section, 18
mm in (inside) diameter and approximately 14 cm long, (2) a middle section, 6 mm in (inside)
diameter and approximately 25 cm long, and (3) a tapered, constricted lower exit tube
approximately 5 cm long. Insert a small plug of glass wool in the upper 1-cm portion of the
constricted section.
Chromatographic Columns—
First Column—To about 125 mL of isooctane contained in a screw-capped, wide-mouth bottle
add 25 g of chromatographic siliceous earth, and shake until a slurry is formed. Add, dropwise
and with vigorous mixing, 10 mL of polyethylene glycol 600. Replace the bottle cover, and
shake vigorously for 2 minutes. Pour about half of the resulting slurry into the chromatographic
tube, and allow it to settle by gravity. Then apply gentle suction, and add the remainder of the
slurry in small portions, packing each portion with a 20-mm disk plunger. When a solid surface
has formed, remove the vacuum, and add about 2 mL of isooctane.
Second Column—Pack the midsection of the tube with 3 g of moderately coarse
Chromatographic Fuller's Earth with the aid of gentle suction (about 125 mm of mercury).
Standard Preparation—Dissolve about 25 mg of Reference Standard, accurately weighed, in
isooctane to give a known concentration of about 250 µg per mL. Store in a refrigerator.
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On the day of assay, pipet 1 mL of this solution into a 50-mL volumetric flask, remove the
solvent with a stream of nitrogen, and dissolve the residue in and dilute with Ethylene
Dichloride to volume, and mix.
Sample Preparation—Accurately weigh or measure a portion of the sample to be assayed,
equivalent to not less than 125 µg but preferably about 250 µg of ergocalciferol (10,000 USP
Units). If little or no vitamin A is present in the sample, add about 1.5 mg (the equivalent of
3000 USP Units) of vitamin A acetate to provide the needed pilot bands in the subsequent
chromatography.
For capsules or tablets, reflux not fewer than 10 of them in 10 mL of water on a steam bath for
about 10 minutes, crush the remaining solid with a blunt glass rod, and warm for 5 minutes
longer.
Add a volume of Potassium Hydroxide Solution representing 2.5 mL for each g of the total
weight of the sample, but not less than a total of 3.0 mL. Add 10 mL of Butylated
Hydroxytoluene Solution and 20 mL of alcohol. Reflux vigorously on a steam bath for 30
minutes. Cool, and transfer the saponified mixture to a conical separator, rinsing the
saponification flask with three 10-mL portions of water and three 50-mL portions of Ether,
adding each rinse to the separator. Add about 4 g of sodium sulfate decahydrate to the
separator, and extract by shaking for 2 minutes. If an emulsion forms, extract with three 25-mL
portions of Ether. Combine the ether extracts, if necessary, and wash by swirling gently with
50 mL of water. Repeat the washing more vigorously with additional 50-mL portions of water
until the last portion shows no pink color on the addition of phenolphthalein TS. Transfer the
washed ether extract to a 250-mL volumetric flask, dilute with Ether to volume, and mix.
Transfer the entire sample or an accurately measured aliquot containing about 250 µg to a tallform, 400-mL beaker containing about 5 g of anhydrous sodium sulfate. Stir for 2 minutes, then
decant the solution into a second 400-mL beaker. Rinse the sodium sulfate with three 25-mL
portions of Ether, adding each rinse to the main portion. Reduce the total volume to about 30
mL by evaporation on a steam bath, and transfer the concentrate to a small, round-bottom
evaporation flask. Rinse the beaker with three 10-mL portions of Ether, adding the rinsings to
the flask. With the aid of vacuum in a water bath at a temperature not exceeding 40 , or with
a stream of nitrogen at room temperature, remove the remaining solvent completely. Dissolve
the residue in a small amount of Solvent Hexane, transfer to a 10-mL volumetric flask, dilute
with Solvent Hexane to volume, and mix to obtain the Sample Preparation.
Procedure—
First Column Chromatography—Just as the 2 mL of isooctane disappears into the surface of
the prepared First Column, pipet 2 mL of the Sample Preparation onto the column. As the
meniscus of the Sample Preparation reaches the column surface, add the first of three 2-mL
portions of Solvent Hexane, adding each succeeding portion as the preceding portion
disappears into the column. Continue adding Solvent Hexane in portions of 5 to 10 mL until 100
mL has been added. If necessary, adjust the flow rate to between 3 and 6 mL per minute, by
application of gentle pressure at the top of the chromatographic tube.
Discard the first 20 mL of effluent, and collect the remainder. Examine the column under UV
light at intervals during the chromatography, and stop the flow when the front of the
fluorescent band representing vitamin A is about 5 mm from the bottom of the column. (The UV
lamp should provide weak radiation in the 300-nm region. It is frequently necessary to use a
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narrow aperture or screen with commercial lamps to reduce the amount of radiation to the
minimum required to visualize the vitamin A on the column.)
Transfer the eluate to a suitable evaporation flask, and remove the Solvent Hexane completely
under vacuum at a temperature not higher than 40 or with a stream of nitrogen at room
temperature. Dissolve the residue in about 10 mL of Solvent Hexane.
Second Column Chromatography—Add the solvent hexane solution obtained as directed under
First Column Chromatography onto the Second Column. Rinse the evaporation flask with a
total of 10 mL of Solvent Hexane in small portions, adding each portion to the Second Column
and allowing it to flow through the column, and discard the effluent. When about 1 mL of the
hexane remains above the surface of the column, add 75 mL of toluene, and elute with the aid
of gentle suction (about 125 mm of mercury), collecting the eluate. Evaporate the toluene
under vacuum at a temperature not higher than 40 , or with a stream of nitrogen at room
temperature.
Assay Preparation—Dissolve the residue obtained as directed under Second Column
Chromatography in a small amount of Ethylene Dichloride, transfer to a 10-mL volumetric flask,
dilute with Ethylene Dichloride to volume, and mix to obtain the Assay Preparation.
Color Development—Into each of three suitable, matched colorimeter tubes of about 20-mm
(inside) diameter, and designated tubes 1, 2, and 3, respectively, pipet 1 mL of the Assay
Preparation. Into tube 1, pipet 1 mL of the Standard Preparation; into tube 2, 1 mL of Ethylene
Dichloride; and into tube 3, 1 mL of a mixture of equal volumes of acetic anhydride and
Ethylene Dichloride. To each tube add quickly, and preferably from an automatic pipet, 5.0 mL
of Color Reagent, and mix. After 45 seconds, accurately timed, following the addition of the
Color Reagent, determine the absorbances of the three solutions at 500 nm, with a suitable
spectrophotometer, using Ethylene Dichloride as the blank. Similarly, 45 seconds after making
the first reading on each solution, determine the absorbances of the solutions in tubes 2 and 3
at 550 nm, in a similar manner. Designate the absorbances as A1500 , A2500 , A3500 , A2550 , and
A3550 , respectively, in which the superscript indicates the number of the tube and the
subscript, the wavelength.
Calculation—Calculate the quantity, in µg, of vitamin D in the portion of the sample taken by
the formula:
(CS/C)(AU /AS)
in which CS is the concentration of vitamin D, in µg per mL, of the Standard Preparation; C is
the concentration of the sample (as g, capsules, tablets, etc.) in each mL of the final solution;
AU has the value of (A2500

A3500 )

0.67(A2550

A3550 ) determined from the absorbances

observed on the solution from the Assay Preparation; and AS has the value of A1500
determined on the solutions from the Standard Preparation.

A2500

Biological Method
The biological assay of vitamin D comprises the recording and interpretation of observations on
groups of rats maintained on specified dietary regimens throughout specified periods of their
lives whereby the biological response to the preparation under assay is compared with the
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response to USP Vitamin D Capsules RS.
USP Reference Standards

11 —USP Cholecalciferol RS.

Preliminary Period—Throughout the preliminary period in the life of a rat, which is not longer
than 30 days and extends from birth to the first day of the depletion period, maintain litters of
rats under the immediate supervision of, or according to the directions of, the individual
responsible for the assay. During the preliminary period, use a dietary regimen that provides for
normal development but is limited in its content of vitamin D, so that when placed upon the
Rachitogenic Diet in the depletion period the rats develop rickets. At the end of the preliminary
period, reject any rat that weighs less than 44 g or more than 60 g, or that shows evidence of
injury, disease, or anatomical abnormality.
Depletion Period—Through the depletion period, which extends from the end of the preliminary
period to the first day of the assay period, provide each rat ad libitum with the Rachitogenic
Diet and water, and allow access to no other food or dietary supplement.
Rachitogenic Diet—The Rachitogenic Diet consists of a uniform mixture of the following
ingredients in the proportions shown in the accompanying table.
Rachitogenic Diet
Ingredient
Parts by weight
Whole yellow corn, ground
76
Wheat gluten, ground
20
Calcium carbonate
3
Sodium chloride
1
When a chemical analysis of the entire ration shows a Ca:P ratio of less than 4:1 or more than
5:1, the proportion of calcium carbonate may be varied to bring the adjusted ratio to a uniform
level within this range.
Assigning Rats to Groups for Assay Period—Consider a litter suitable for the assay period
when individual rats in the litter show evidence of rickets such as enlarged joints and a
distinctive wobbly, rachitic gait, provided that the depletion period is not less than 19 or more
than 25 days. The presence of rickets may be established also from the width of the rachitic
metaphysis upon X-ray examination or by applying the Line Test (described below) to a leg
bone of one member of each litter.
Record the weight of each rat, and assign it to a group, in which each rat will be fed a
specified dose of the Reference Standard or of an assay sample that is under examination for
its vitamin D potency. For each assay sample provide one or more assay groups and not less
than two standard groups. The two standard groups may be used for the concurrent assay of
more than one assay sample. Within an interval not exceeding 30 days, complete the
assignment of rats to groups according to a design that divides litters among the groups, to
achieve a complete balance.
For complete balance, whereby each litter is represented equally in every group, use 7 or more
litters containing at least as many depleted rats as there are groups. From a given litter, assign
one rat, selected at random, to each group on the same day. If a litter contains twice as many
rats as there are groups, assign a second series of rats similarly. The last one or two litters to
be assigned may be allotted to groups so that at the start of the assay period the average
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body weight of any completed groups will not differ by more than 8 g from that of any other
group.
Assay Doses—Select two dosage levels of the USP Cholecalciferol RS, spaced so that the ratio
of the larger to the smaller dose is not less than 1.5 or more than 2.5. Select one or two
dosage levels based upon a single assumed potency for each sample. The dosage levels of the
sample are equivalent to those of the standard or to a mid-level equal to the square root of the
product of the two dosage levels of the standard.
Select dosage levels such that, when fed to rachitic rats, they are expected to produce
degrees of calcification within the range specified under the test of data acceptability. Before
feeding, the Reference Standard and/or sample may be diluted with cottonseed oil, provided
that not more than 0.2 mL is fed on any one day. Store the oil solutions in well-closed bottles,
protected from light, at a temperature not exceeding 10 , and use within 5 weeks.
Assign one group of rats to each dosage level of the standard and of the one or more samples.
Assay Period—During the assay period, which extends from the end of the depletion period for
a fixed interval of 7 to 10 days, cage each rat individually and provide it ad libitum with the
Rachitogenic Diet and water. Supply a Rachitogenic Diet prepared from the same lots of
ingredients to all rats. On the first and on the third (or fourth) day of the assay period, feed
each rat one-half of its total assigned dose.
Throughout the assay period, maintain as uniform environmental conditions as possible for all
rats, and exclude exposure to antirachitic radiations. At the end of a fixed period of 7 to 10
days, weigh and kill each rat. From those rats that do not weigh less at the end than at the
start of the assay period and that have consumed each assigned dose within 24 hours of the
time it was fed, dissect out one or more leg bones for examination by the Line Test.
Line Test—Remove the proximal end of a tibia or the distal end of a radius, and clean adhering
tissue from it, in any one assay using the same bone from all animals. With a clean, sharp blade
cut a median, longitudinal section through the juncture of the epiphysis and diaphysis at the
same place on each bone. Rinse both sections in purified water, immerse immediately in silver
nitrate solution (1 in 50) for 1 minute, and rinse again in purified water. Expose the cut surface
of bone, in water, to daylight or another source of actinic light until the calcified areas develop
a clearly defined stain without marked discoloration of the uncalcified areas. The staining
procedure may be modified to differentiate more clearly between calcified and uncalcified areas.
Score the degree of calcification of the rachitic metaphysis in each rat, according to a scale
that allows the average response to be plotted as a straight line against the logarithm of the
dose.
Acceptability—Observations are acceptable for use in calculation of the potency only from
those groups in which two-thirds or more but not less than 7 rats show calcification at least as
great as the lowest level and not greater than the highest level. If the average score of the
standard group on the high dosage level is not greater than the average score of the standard
group on the low dosage level, discard the results, and repeat the assay. If an assay sample is
represented solely by assay groups that are not acceptable for measuring vitamin D potency
and in each of which the average score is less than the average score of the standard group
on the low dosage level or more than the average score of the standard group on the high
dosage level, its assayed content of vitamin D is respectively less than that represented by the

PF 38(6): Nov.-Dec. 2012

89

low dose or more than that represented by the high dose of the Reference Standard.
Calculation—Tabulate the scores (y), listing each litter in a separate row with treatment
groups in columns. Omit any groups that do not meet the test for Acceptability. Equalize the
number of observations in the acceptable groups by disregarding the results on all litters not
equally represented in the groups or by other suitable means (see Design and Analysis of
Biological Assays 111 ). Total the f scores for each of the treatment groups, where f is the
number of litters, and designate each total as T with subscripts 1 and 2 for the low and high
dosage levels, respectively. Compute the slope b from the sums of T 1 , i.e., ST 1 , and of T 2 , i.e.,
ST 2 , for the standard and sample, provided the latter is represented at both dosage levels,
from the equation:
b = (ST 2 – ST 1 )/ifh¢
in which i is the logarithm of the ratio of the high dose to the low dose and is the same for
each preparation, and h¢ is the number of preparations represented by two dosage levels and
included in the calculation of the value of b.
Compute the logarithm of the relative potency of each specimen under assay from the
equation:

in which each mean score, yU for the assay sample and yS for the Reference Standard, is the
average of the individual scores for an intermediate dosage level or of the two means for the
high and the low dosage levels and where T b = ST 2 – ST 1 and T a is as defined (see Design and
Analysis of Biological Assays 111 ). Convert each observed M¢ to its antilogarithm to obtain
the relative potency of the sample. Multiply the relative potency by the assumed potency of
the assay oil in Units per g, adopted at the start of the assay, to obtain its assayed content of
vitamin D in USP Units per g.

CHROMATOGRAPHIC METHODS
The following liquid chromatographic procedures are provided for the determination of vitamin D
as an active pharmaceutical ingredient, as a dietary supplement ingredient, or as a component
in compendial dosage forms.
Throughout this assay, protect solutions containing, and derived from, the test specimen and
the Reference Standard from the atmosphere and light, preferably by the use of a blanket of
inert gas and low-actinic glassware.
Where vitamin D (cholecalciferol or ergocalciferol) is specified in the following procedure, use
the chemical form present in the formulation and the relevant USP Reference Standard.
USP Reference Standards

11

USP Cholecalciferol RS
USP Ergocalciferol RS
USP Vitamin D Assay System Suitability
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Procedure 1
This procedure uses a sample preparation without pH adjustment and involves the use of
dimethyl sulfoxide to dissolve the excipients in the sample, followed by a liquid-liquid extraction
of the vitamin D with hexane. The chromatographic separation is achieved using normal phase
on an L8 column. It can be used to determine vitamin D alone or in combination with other
vitamins and minerals in compendial dosage forms.
Unless specified in the individual monographs, the Standard solution, Sample solution, and
System suitability solution are prepared as follows.
Mobile phase: n-Hexane and isopropyl alcohol (99:1)
Standard solution: 2 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in n-hexane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to partially
isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding precursor.
Sample solution for Tablets: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
not exceeding 7.5 g, equivalent to NLT 0.1 mg of vitamin D as cholecalciferol or ergocalciferol,
to a centrifuge tube having a polytef-lined screw cap. Add about 2 mL of dimethyl sulfoxide and
about 3 mL of n-hexane per each g of powdered Tablets, and shake for 45 min on a shaker in a
water bath maintained at 60 . [Note—Set up the shaker to ensure that the contents of the
container are mixed vigorously and thoroughly in order to achieve accurate recoveries.]
Centrifuge at 3000 rpm for 10 min, and transfer the hexane layer by means of a pipet to a
volumetric flask. Add 3 mL of n-hexane per each g of powdered Tablets to the dimethyl
sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane layer by means of a pipet
to the same volumetric flask. Repeat this extraction with three additional portions of n-hexane.
Dilute the extracts in the volumetric flask with n-hexane to volume. Dilute a volume of this
solution with n-hexane to obtain a solution with a concentration of 2 µg/mL of cholecalciferol or
ergocalciferol. [Note—Dilution may not be necessary.]
Sample solution for Capsules: Transfer the contents of NLT 20 Capsules to a suitable
container, mix, and weigh. Transfer a portion of the mixture, not exceeding 7.5 g equivalent to
NLT 0.1 mg of vitamin D as cholecalciferol or ergocalciferol, to a centrifuge tube having a
polytef-lined screw cap. [Note—For hard gelatin Capsules, remove, as completely as possible,
the contents of NLT 20 Capsules by cutting open the Capsule shells, transferring the shells and
their contents to a suitable container, and triturating to a homogeneous mass. Transfer a
portion of the mass, equivalent to NLT 0.1 mg of vitamin D as cholecalciferol or ergocalciferol,
to a centrifuge tube having a polytef-lined screw cap.] Add about 2 mL of dimethyl sulfoxide
and about 3 mL of n-hexane per each g of Capsule contents, and shake for 45 min on a shaker
in a water bath maintained at 60 . [Note—Set up the shaker to ensure that the contents of
the container are mixed vigorously and thoroughly in order to achieve accurate recoveries.]
Centrifuge at 3000 rpm for 10 min, and transfer the hexane layer by means of a pipet to a
volumetric flask. Add 3 mL of n-hexane per each g of Capsule contents to the dimethyl
sulfoxide layer, shake thoroughly for 5 min, and transfer the hexane layer by means of a pipet
to the same volumetric flask. Repeat this extraction with three additional portions of n-hexane.
Dilute the extracts in the volumetric flask with n-hexane to volume. Dilute a volume of this
solution with n-hexane to obtain a solution with a concentration of 2 µg/mL of vitamin D as
cholecalciferol or ergocalciferol. [Note—Dilution may not be necessary.]
Chromatographic system
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621 , System Suitability.)

Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Flow rate: 1 mL/min
Injection volume: 100 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 10 between the vitamin D form present and its corresponding precursor,
System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or ergocalciferol
(C28 H44 O) in the portion of the sample taken:
Result = (rU/rS) × (CS / CU) × F × 100
rU = peak response of cholecalciferol or ergocalciferol from the Sample solution
rS = peak response of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard solution
(µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F = correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Procedure 2
This procedure involves the treatment of sample with sodium bicarbonate, an antioxidant acid
solution generating gas evolution; lecithin as a surfactant; and dimethyl sulfoxide, followed by
methanolic sulfuric acid to create a dispersion and efficiently extract vitamin D from the matrix
components into the 2,2,4-trimethylpentane phase. Separation is achieved in normal-phase
mode on an L24 column. The sample preparation and Chromatographic system used in this
procedure also are suitable to determine vitamins A and E when present in the formulation;
analysts should make corresponding adjustments in sample size and detection wavelength.
Unless specified in the individual monographs, the Standard solutions, Sample solution, System
suitability solution, and reagent solutions are prepared as follows.
Mobile phase: n-Hexane and tertiary butyl alcohol (98.75: 1.25)
3 N methanolic sulfuric acid solution: Cautiously add 9 mL of sulfuric acid to 80 mL of
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methanol in a 100-mL volumetric flask. Cool, and dilute with methanol to volume.
Sodium ascorbate–pyrogallol solution: Transfer 10 g of sodium ascorbate and 5 g of
pyrogallol to a 100-mL volumetric flask, and add sufficient water to dissolve. Add 1.7 mL of
sulfuric acid, and dilute with water to volume.
Lecithin solution: 5 mg/mL of lecithin in 2,2,4-trimethylpentane
Standard solution: 1 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in 2,2,4trimethylpentane
System suitability solution: Heat a volume of the Standard solution at 60 for 1 h to partially
isomerize vitamin D (cholecalciferol or ergocalciferol) to its corresponding precursor.
Sample solution for Tablets: [Note—This preparation is suitable for the determination of
vitamin A, vitamin D, and vitamin E, when present in the formulation. The sample amount may
be adjusted depending on the presence or absence of the appropriate vitamins.] Finely powder
NLT 20 Tablets. Use a portion of the powder nominally equivalent to an amount NLT 0.1 mg of
vitamin D. Add 0.5 g of sodium bicarbonate, 1.5 mL of Lecithin solution, and 12.5 mL of 2,2,4trimethylpentane, and disperse on a vortex mixer. Add 6 mL of Sodium ascorbate–pyrogallol
solution, shake slowly, and allow the solution to degas. Continue shaking until the evolution of
gas has ceased, and then shake for an additional 12 min. Add 6 mL of dimethyl sulfoxide, mix on
a vortex mixer to form a suspension, and shake for 12 min. Add 6 mL of 3 N methanolic sulfuric
acid solution, mix on a vortex mixer to form a suspension, and shake for 12 min. Add 12.5 mL of
2,2,4-trimethylpentane, mix on a vortex mixer to form a suspension, and shake for 10 min.
Centrifuge for 10 min to break up the emulsion and to clarify the supernatant. If necessary,
quantitatively dilute a volume of the supernatant with 2,2,4-trimethylpentane to obtain a
concentration close to that of the Standard solution.
Sample solution for Capsules: [Note—This preparation is suitable for the determination of
vitamin A, vitamin D, and vitamin E, when present in the formulation. The sample amount may
be adjusted depending on the presence or absence of the appropriate vitamins.] Weigh NLT 20
Capsules in a tared weighing bottle. Using a sharp blade if necessary, carefully open the
Capsules, without loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the net weight of the Capsule
contents. Transfer a portion of the Capsule contents, equivalent to NLT 0.1 mg of the labeled
amount of vitamin D, as cholecalciferol or ergocalciferol. Add 0.5 g of sodium bicarbonate, 1.5
mL of Lecithin solution, and 12.5 mL of 2,2,4-trimethylpentane, and disperse on a vortex mixer.
Add 6 mL of Sodium ascorbate–pyrogallol solution, shake slowly, and allow the solution to
degas. Continue shaking until the evolution of gas has ceased, and then shake for an additional
12 min. Add 6 mL of dimethyl sulfoxide, mix on a vortex mixer to form a suspension, and shake
for 12 min. Add 6 mL of 3 N methanolic sulfuric acid solution, mix on a vortex mixer to form a
suspension, and shake for 12 min. Add 12.5 mL of 2,2,4-trimethylpentane, mix on a vortex mixer
to form a suspension, and shake for 10 min. Centrifuge for 10 min to break up the emulsion and
to clarify the supernatant. If necessary, quantitatively dilute a volume of the supernatant with
2,2,4-trimethylpentane to obtain a concentration close to that of the Standard solution.
Chromatographic system
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621 , System Suitability.)

Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L24
Flow rate: 1 mL/min
Injection volume: 40 µL
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 4.0 between the vitamin D form present and its corresponding precursor,
System suitability solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or ergocalciferol
(C28 H44 O) in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU = peak response of cholecalciferol or ergocalciferol from the Sample solution
rS = peak response of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard solution
(µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Procedure 3
This procedure is suitable for matrices with excipients that are soluble or degradable in alkaline
conditions. It involves the saponification of the sample solution, followed by a liquid–liquid
extraction with hexane and clean-up on a solid phase extraction (SPE) using a mixture of
methylene chloride and isopropyl alcohol (99.8: 0.2) as eluent. The Standard solution
undergoes similar treatment to compensate for losses in recovery due to isomerization. The
eluate then is evaporated, and the residue is reconstituted in acetonitrile before injection into
the chromatograph. Separation is achieved in reversed phase mode.
Unless specified in the individual monographs, the Standard solution, Sample solution, and
reagent solutions are prepared as follows.
Mobile phase: Acetonitrile and methanol (91:9)
Diluted acetic acid: Glacial acetic acid solution (1 in 10) in water
Phenolphthalein solution: 10 mg/mL of phenolphthalein in alcohol
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Potassium hydroxide solution: Slowly dissolve 14 g of potassium hydroxide in a mixture of 31
mL of dehydrated alcohol and 5 mL of water. Prepare fresh daily.
Extraction solvent: Methylene chloride and isopropyl alcohol (99.8: 0.2)
Extraction column: Silica packing with a sorbent mass-to-column volume ratio of 500 mg to
2.8 mL or equivalent. [Note—Condition the column by initially washing with 4.0 mL of a mixture
of methylene chloride and isopropyl alcohol (4:1), followed by 5.0 mL of the Extraction solvent.
Do not allow the column to dry.]
Standard stock solution: 0.2 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
dehydrated alcohol. [Note—Prepare fresh every 4 weeks. Store in a freezer.]
Standard solution: Dilute a volume of the Standard stock solution with dehydrated alcohol to
obtain a concentration of 5 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS. Prepare
this solution fresh daily. Transfer 2.0 mL of this solution to a stoppered 125-mL flask. Add 15.0
mL of water and 15.0 mL of Potassium hydroxide solution, insert the stopper, and shake for 30
min in a water bath maintained at 60 . Allow to cool to room temperature, and transfer the
contents of the flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert
the stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate.
Drain, and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the
separatory funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until the
layers separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution and 15.0
mL of water to the separatory funnel. Add Diluted acetic acid dropwise, with shaking, until the
washing is neutral. Allow to stand for 10 min until the layers separate. Drain, and discard the
aqueous layer. Filter the hexane layer through anhydrous sodium sulfate supported by a small
pledget of cotton into a 100-mL, round-bottom flask. Rinse the funnel and sodium sulfate with
a few mL of n-hexane, and collect the rinsings in the same flask. Evaporate the hexane in the
flask on a rotary evaporator at 50 to dryness. Immediately add 2.0 mL of the Extraction
solvent to dissolve the residue. Transfer this solution to a freshly conditioned solid-phase
Extraction column, rinse the round-bottom flask with 1.0 mL of the Extraction solvent, and
transfer to the column. Elute the Extraction column with 2.0 mL of the Extraction solvent, and
discard this fraction. Elute the column with 7.0 mL of the Extraction solvent, and collect the
eluate in a suitable flask. Place the flask in a warm water bath maintained at 42 , and
evaporate the solvent with the aid of a stream of nitrogen. Immediately add 2.0 mL of
acetonitrile to the residue, and use the solution for injection into the chromatograph.
Sample solution for Tablets: Finely powder NLT 20 Tablets. Transfer a portion of the powder,
equivalent to 10 µg of cholecalciferol or ergocalciferol, to a stoppered 125-mL flask. Add 15.0
mL of water and 15.0 mL of Potassium hydroxide solution, insert the stopper, and shake for 30
min in a water bath maintained at 60 . Allow to cool to room temperature, and transfer the
contents of the flask to a 250-mL separatory funnel. Add 15.0 mL of water to the flask, insert
the stopper, shake vigorously, and transfer this solution to the separatory funnel. Rinse the
flask with 60 mL of n-hexane, and transfer the rinsing to the separatory funnel. Insert the
stopper, shake vigorously for 90 s, and allow to stand for 15 min until the layers separate. Drain
and discard the aqueous layer. Add 15.0 mL of water to the hexane layer in the separatory
funnel, insert the stopper, and shake vigorously. Allow to stand for 10 min until the layers
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separate, and discard the aqueous layer. Add 1 drop of Phenolphthalein solution and 15.0 mL of
water to the separatory funnel. Add Diluted acetic acid dropwise, with shaking, until the
washing is neutral. Allow to stand for 10 min until the layers separate. Drain, and discard the
aqueous layer. Filter the hexane layer through anhydrous sodium sulfate supported by a small
pledget of cotton into a 100-mL, round-bottom flask. Rinse the funnel and sodium sulfate with
a few mL of n-hexane, and collect the rinsings in the same flask. Evaporate the hexane in the
flask on a rotary evaporator at 50 to dryness. Immediately add 2.0 mL of the Extraction
solvent to dissolve the residue. Transfer this solution to a freshly conditioned solid-phase
Extraction column, rinse the round-bottom flask with 1.0 mL of the Extraction solvent, and
transfer to the column. Elute the Extraction column with 2.0 mL of the Extraction solvent, and
discard this fraction. Elute the column with 7.0 mL of the Extraction solvent, and collect the
eluate in a suitable flask. Place the flask in a warm water bath maintained at 42 , and
evaporate the solvent with the aid of a stream of nitrogen. Immediately add 2.0 mL of
acetonitrile to the residue, and use the solution for injection into the chromatograph.
Sample solution for Capsules: Weigh NLT 20 Capsules in a tared weighing bottle. Open the
Capsules, without loss of shell material, and transfer the contents to a 100-mL beaker. Remove
any contents adhering to the empty shells by washing with several portions of ether. Discard
the washings, and dry the Capsule shells with the aid of a current of dry air. Weigh the empty
Capsule shells in the tared weighing bottle, and calculate the net weight of the Capsule
contents. Transfer a portion of the Capsule contents, equivalent to 10 µg of ergocalciferol or
cholecalciferol, to a stoppered 125-mL flask. Add 15.0 mL of water and 15.0 mL of Potassium
hydroxide solution, insert the stopper, and shake for 30 min in a water bath maintained at 60 .
Allow to cool to room temperature, and transfer the contents of the flask to a 250-mL
separatory funnel. Add 15.0 mL of water to the flask, insert the stopper, shake vigorously, and
transfer this solution to the separatory funnel. Rinse the flask with 60 mL of n-hexane, and
transfer the rinsing to the separatory funnel. Insert the stopper, shake vigorously for 90 s, and
allow to stand for 15 min until the layers separate. Drain, and discard the aqueous layer. Add
15.0 mL of water to the hexane layer in the separatory funnel, insert the stopper, and shake
vigorously. Allow to stand for 10 min until the layers separate, and discard the aqueous layer.
Add 1 drop of Phenolphthalein solution and 15.0 mL of water to the separatory funnel. Add
Diluted acetic acid dropwise, with shaking, until the washing is neutral. Allow to stand for 10
min until the layers separate. Drain, and discard the aqueous layer. Filter the hexane layer
through anhydrous sodium sulfate supported by a small pledget of cotton into a 100-mL, roundbottom flask. Rinse the funnel and sodium sulfate with a few mL of n-hexane, and collect the
rinsings in the same flask. Evaporate the hexane in the flask on a rotary evaporator at 50 to
dryness. Immediately add 2.0 mL of the Extraction solvent to dissolve the residue. Transfer this
solution to a freshly conditioned solid-phase Extraction column, rinse the round-bottom flask
with 1.0 mL of the Extraction solvent, and transfer to the column. Elute the Extraction column
with 2.0 mL of the Extraction solvent, and discard this fraction. Elute the column with 7.0 mL
of the Extraction solvent, and collect the eluate in a suitable flask. Place the flask in a warm
water bath maintained at 42 , and evaporate the solvent with the aid of a stream of nitrogen.
Immediately add 2.0 mL of acetonitrile to the residue, and use the solution for injection into the
chromatograph.
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 27
Flow rate: 0.7 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 4.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or ergocalciferol
(C28 H44 O) in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak response of cholecalciferol or ergocalciferol from the Sample solution
rS = peak response of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard solution
(µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F = correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Procedure 4
This procedure is applicable to liquid dosage forms. It involves a liquid-liquid extraction of the
sample with hexane, followed by the evaporation of hexane, and reconstitution of the residue in
a tetrahydrofuran and acetonitrile mixture (1:1). Separation is achieved in reversed-phase
mode.
Unless specified in the individual monographs, the Standard solution, Sample solution, and
Diluent are prepared as follows.
Mobile phase: Methanol, acetonitrile, and n-hexane (46.5: 46.5: 7.0)
Diluent: Tetrahydrofuran and acetonitrile (1:1)
Standard solution: 5 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in Diluent
Sample solution: Transfer an accurately measured volume of the sample, equivalent to 50 µg
of cholecalciferol or ergocalciferol, to a 500-mL separatory funnel containing 10 mL of water
and 20 mL of dehydrated alcohol. Add 150 mL of solvent hexane, insert the stopper, and shake
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for 1 min. Add another 150 mL of solvent hexane, insert the stopper, shake, and allow the
layers to separate. Discard the aqueous layer. Drain the solvent hexane extract through
anhydrous sodium sulfate into a 500-mL, round-bottom flask. Evaporate the solution to dryness
with the aid of a rotary evaporator over a water bath maintained at about 65 . Immediately
add 10.0 mL of Diluent, swirl to dissolve the residue, and filter.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 265 nm
Column: Two columns, 4.6-mm × 25-cm, connected in series; both with packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or ergocalciferol
(C28 H44 O) in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU = peak response of cholecalciferol or ergocalciferol from the Sample solution
rS = peak response of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard solution
(µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
F = correction factor to account for the average amount of previtamin D present in the
Sample solution, 1.09
Procedure 5
This procedure involves the dissolution of vitamin D in toluene, and the solution is injected into
the liquid chromatograph. It is applicable to simple matrices such as pure vitamins and
ingredients that do not require saponification and that are soluble in toluene. Separation is
achieved in normal-phase mode.
Unless specified in the individual monographs, the Standard solution, Sample solution, and
System suitability solution are prepared as follows.
Dehydrated hexane: Prepare a chromatographic column by packing a chromatographic tube,

PF 38(6): Nov.-Dec. 2012

98

8-cm × 60-cm, with 500 g of 50- to 250-µm chromatographic siliceous earth, activated by
drying at 150 for 4 h. (See Chromatography 621 , Column Chromatography.) Pass 500 mL
of hexane through the column, and collect the eluate in a glass-stoppered flask.
Mobile phase: n-Amyl alcohol in Dehydrated hexane (3 in 1000)
System suitability solution: 250 mg of USP Vitamin D Assay System Suitability RS in 10 mL of
a mixture of toluene and Mobile phase (1:1). Heat this solution, under reflux, at 90 for 45 min,
and cool. [Note—This solution contains cholecalciferol, precholecalciferol, and transcholecalciferol. For the stock solutions, follow these procedures: use low-actinic glassware,
dissolve the samples without heating, and prepare the solutions fresh daily.]
Standard stock solution: 0.6 mg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in
toluene
Standard solution: 120 µg/mL of USP Cholecalciferol RS or USP Ergocalciferol RS in Mobile
phase, prepared from Standard stock solution
Sample stock solution: 0.6 mg/mL of cholecalciferol or ergocalciferol in toluene
Sample solution: 120 µg/mL of cholecalciferol or ergocalciferol in Mobile phase, prepared from
the Sample stock solution
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L3
Column temperature: 40
Flow rate: Can be varied to meet the System suitability requirements
Injection volume: 5–10 µL
System suitability
Sample: System suitability solution
Note—The relative retention times for precholecalciferol, trans-cholecalciferol, and
cholecalciferol are 0.4, 0.5, and 1.0, respectively.
Suitability requirements
Resolution: NLT 1.0 between trans-cholecalciferol and precholecalciferol
Relative standard deviation: NMT 2.0% for the peak response of cholecalciferol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cholecalciferol (C27 H44 O) or ergocalciferol
(C28 H44 O) in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
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rU = peak response of cholecalciferol or ergocalciferol from the Sample solution
rS = peak response of cholecalciferol or ergocalciferol from the Standard solution
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in the Standard solution
(µg/mL)
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Procedure 6
The procedure involves the dissolution of the sample in Mobile phase, and the solution is
injected into the liquid chromatograph. The application includes cholecalciferol and
ergocalciferol dissolved in edible vegetable oil, polysorbate 80, or propylene glycol, none of
which will interfere with the corresponding precursor so that it can be quantitated. Separation
is achieved in normal-phase mode on an L3 column, and System suitability requires separation
of the trans forms from the vitamin D precursors.
Unless specified in the individual monographs, the Standard solutions and Sample solution are
prepared as follows.
Mobile phase: Hexane and pentanol (997:3)
Standard stock solution: Dissolve USP Cholecalciferol RS or USP Ergocalciferol RS in toluene,
and dilute with Mobile phase to 50 µg/mL. [Note—Prepare this solution fresh daily.]
Standard solution A: 5 µg/mL from the Standard stock solution in Mobile phase. [Note—Store
at a temperature not above 0 .]
Standard solution B: Transfer 5.0 mL of the Standard stock solution to a round-bottom flask
fitted with a reflux condenser. Displace the air with nitrogen, and reflux for 1 h in a water bath
under a nitrogen atmosphere to obtain a solution containing cholecalciferol and
precholecalciferol. Cool, transfer the solution with the aid of several portions of Mobile phase to
a 50-mL volumetric flask, and dilute with Mobile phase to volume.
Sample solution: Equivalent to 5 µg/mL of cholecalciferol or ergocalciferol in Mobile phase from
an accurately measured volume of the sample
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L3
Flow rate: 1–2 mL/min
Injection volume: 10–20 µL
System suitability
Sample: Standard solution B (USP Cholecalciferol RS or USP Ergocalciferol RS)
Note—The relative retention times for precholecalciferol and cholecalciferol are about 0.4 and
1.0, respectively. Those for pre-ergocalciferol and ergocalciferol are about 0.8 and 1.0,
respectively.
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Suitability requirements
Resolution: NLT 1.0 between the precholecalciferol peak and the cholecalciferol peak. NLT 1.0
between the pre-ergocalciferol peak and the ergocalciferol peak.
Relative standard deviation: NMT 2.0% for the peak response of cholecalciferol or
ergocalciferol.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Cholecalciferol or ergocalciferol response factor
Calculate the cholecalciferol or ergocalciferol response factor, F C:
F C = CS/rS
CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in Standard solution A
(µg/mL)
rS = peak area of cholecalciferol or ergocalciferol from Standard solution A
Precholecalciferol or pre-ergocalciferol response factor
Calculate the concentration, C¢ S, in µg/mL, of cholecalciferol or ergocalciferol in Standard
solution B:
C¢ S = F C × r¢ S
F C = response factor for cholecalciferol or ergocalciferol
r¢ S = peak area of cholecalciferol or ergocalciferol from Standard solution B
Calculate the concentration, C¢ pre, in µg/mL, of precholecalciferol or pre-ergocalciferol:
C¢ pre = CS

C¢ S

CS = concentration of USP Cholecalciferol RS or USP Ergocalciferol RS in Standard solution A
(µg/mL)
C¢ S = concentration of cholecalciferol or ergocalciferol in Standard solution B (µg/mL)
Calculate the response factor, F pre, for precholecalciferol or pre-ergocalciferol:
F pre = C¢ pre/rp
C¢ pre = concentration of precholecalciferol or pre-ergocalciferol (µg/mL)
rp = peak response of precholecalciferol or pre-ergocalciferol from Standard solution B
Content of vitamin D
Calculate the percentage of the labeled amount of vitamin D as cholecalciferol (C27 H44 O) or as
ergocalciferol (C28 H44 O) in the portion of the sample taken:
Result = {[(F C × rC) + (F pre × rpre)]/CU} × 100
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F C = response factor for cholecalciferol or ergocalciferol
rC = peak area of cholecalciferol or ergocalciferol from the Sample solution
F pre = response factor for precholecalciferol or pre-ergocalciferol
rpre = peak area of precholecalciferol or pre-ergocalciferol from the Sample solution
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
Procedure 7
This procedure involves the saponification of the sample, followed by a liquid–liquid extraction
with ether–solvent hexane, and by the evaporation of ether–hexane and reconstitution of the
residue in a mixture of toluene and Mobile phase (1:4). It is applicable to solutions in oil and
capsules containing vitamin D solutions in oil, in which the oil does not interfere with the
corresponding precursor so that it can be quantitated. Separation is achieved in normal-phase
mode on an L3 column, and System suitability requires separation of the trans forms from the
vitamin D precursors.
Unless specified in the individual monographs, the Standard solutions, Sample solution, and
reagent solutions are prepared as follows.
Dehydrated hexane: Prepare a chromatographic column by packing a chromatographic tube,
8-cm × 60-cm, with 500 g of 50- to 250-µm chromatographic siliceous earth, activated by
drying at 150 for 4 h. (See Chromatography 621 , Column Chromatography.) Pass 500 mL
of hexane through the column, and collect the eluate in a glass-stoppered flask.
Mobile phase: n-Amyl alcohol in Dehydrated hexane (3 in 1000)
Butylated hydroxytoluene solution: 10 mg/mL of butylated hydroxytoluene in
chromatographic hexane
Aqueous potassium hydroxide solution: 1 g/mL of potassium hydroxide in freshly boiled
water. [Note—Prepare this solution fresh daily.]
Alcoholic potassium hydroxide solution: 3 g of potassium hydroxide in 50 mL of freshly
boiled water. Add 10 mL of alcohol, and dilute with freshly boiled water to 100 mL. [Note
—Prepare this solution fresh daily.]
Sodium ascorbate solution: 175 mg/mL of ascorbic acid in 1 N sodium hydroxide. [Note
—Prepare fresh daily.]
Sodium sulfide solution: 12 g of sodium sulfide in 20 mL of water. Dilute with glycerin to 100
mL.
Standard stock solution: 0.5 mg/mL of USP Ergocalciferol RS or USP Cholecalciferol RS in
toluene. [Note—Prepare this solution fresh daily.]
Standard solution A: 20 µg/mL from the Standard stock solution in Mobile phase. [Note—Store
this solution at a temperature not above 0 .]
Standard solution B: Pipet 4 mL of the Standard stock solution into a round-bottomed flask
fitted with a reflux condenser, and add 2 or 3 crystals of butylated hydroxytoluene. Displace
the air with nitrogen, and heat in a water bath maintained at a temperature of 90 in subdued
light under a nitrogen atmosphere for 45 min to obtain a solution containing vitamin D and
previtamin D. Cool, transfer with the aid of several portions of Mobile phase to a 100-mL
volumetric flask, and dilute with Mobile phase to volume.
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System suitability solution: Add 100 mg of USP Vitamin D Assay System Suitability RS to a
10-mL volumetric flask. Add a mixture (1 in 5) of toluene and Mobile phase to volume, and mix.
Heat a portion of this solution under reflux, at 90 for 45 min, and cool.
Sample solution: Reflux NLT 10 Capsules with a mixture of 10 mL of Sodium ascorbate solution
and 2 drops of Sodium sulfide solution on a steam bath for 10 min, crush any remaining solids
with a blunt glass rod, and continue heating for 5 min. Cool, and add 25 mL of alcohol and 3 mL
of Aqueous potassium hydroxide solution. Reflux the mixture on a steam bath for 30 min. Cool
rapidly under running water, and transfer the saponified mixture to a conical separator, rinsing
the saponification flask with two 15-mL portions of water, 10 mL of alcohol, and two 50-mL
portions of ether. [Note—Use ether within 24 h after opening the container.] Shake the
combined saponified mixture and rinsings vigorously for 30 s, and allow to stand until both
layers are clear. Transfer the aqueous phase to a second conical separator, add a mixture of
10 mL of alcohol and 50 mL of solvent hexane, and shake vigorously. Allow to separate,
transfer the aqueous phase to a third conical separator, and transfer the solvent hexane phase
to the first separator, rinsing the second separator with two 10-mL portions of solvent hexane
and adding the rinsings to the first separator. Shake the aqueous phase in the third separator
with 50 mL of solvent hexane, and add the solvent hexane phase to the first separator. Wash
the combined ether–solvent hexane extracts by shaking vigorously with three 50-mL portions of
Alcoholic potassium hydroxide solution, and wash with 50-mL portions of water vigorously until
the last washing is neutral to phenolphthalein. Drain any remaining drops of water from the
combined ether–solvent hexane extracts, add 2 sheets of 9-cm filter paper, in strips, to the
separator, and shake. Transfer the washed ether–solvent hexane extracts to a round-bottom
flask, rinsing the separator and paper with solvent hexane. Combine the solvent hexane rinsings
with the ether–solvent hexane extracts, add 100 µL of Butylated hydroxytoluene solution, and
mix. Evaporate under vacuum to dryness by swirling in a water bath maintained at a
temperature not higher than 40 . Cool under running water, and introduce nitrogen sufficient to
restore atmospheric pressure. Without delay, dissolve and dilute the residue in an accurately
measured volume of a mixture (1 in 5) of toluene and Mobile phase, until the concentration of
vitamin D is about 25 µg/mL.
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; packing L3
Flow rate: 1–2 mL/min
Injection volume: 10–20 µL
System suitability
Sample: System suitability solution
Note—The relative retention times for precholecalciferol, trans-cholecalciferol, and
cholecalciferol are 0.4, 0.5, and 1.0, respectively.
Suitability requirements
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Resolution: NLT 1.0 between trans-cholecalciferol and precholecalciferol
Relative standard deviation: NMT 2.0% for the peak response of cholecalciferol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Cholecalciferol and ergocalciferol response factor
Calculate the cholecalciferol or ergocalciferol response factor, F D:
F D = CS/rS
CS = concentration of USP Ergocalciferol RS in Standard solution A (µg/mL)
rS = peak area of cholecalciferol or ergocalciferol from Standard solution A
Precholecalciferol and pre-ergocalciferol response factor
Calculate the concentration, C¢ S, in µg/mL, of cholecalciferol or ergocalciferol in Standard
solution B:
C¢ S = F D × r¢ S
F D = response factor for cholecalciferol or ergocalciferol
r¢ S = peak area of cholecalciferol or ergocalciferol from Standard solution B
Calculate the concentration, C¢ pre, in µg/mL, of pre-ergolecalciferol:
C¢ pre = CS

C¢ S

CS = concentration of USP Ergocalciferol RS in Standard solution A (µg/mL)
C¢ S = concentration of cholecalciferol or ergocalciferol in Standard solution B (µg/mL)
Calculate the response factor, F pre, for precholecalciferol or pre-ergocalciferol:
F pre = C¢ pre/rp
C¢ pre = concentration of precholecalciferol or pre-ergocalciferol (µg/mL)
rp = peak response of precholecalciferol or pre-ergocalciferol from Standard solution B
Content of vitamin D
Calculate the percentage of the labeled amount of vitamin D as ergocalciferol (C28 H44 O) or as
cholecalciferol (C27 H44 O) in the portion of the sample taken:
Result = {[(F D × rC) + (F pre × r¢ pre)]/CU} × 100
F D = response factor for cholecalciferol or ergocalciferol
rC = peak area of cholecalciferol or ergocalciferol from the Sample solution
F pre = response factor for precholecalciferol or pre-ergocalciferol
r¢ pre = peak area of precholecalciferol or pre-ergocalciferol from the Sample solution
CU = nominal concentration of cholecalciferol or ergocalciferol in the Sample solution (µg/mL)
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Procedure 8
This procedure is suitable for the determination of cholecalciferol in oils or fatty matrices. It
involves two chromatographic systems, one for sample clean-up and the other for vitamin D
determination. The standard, internal standard, and sample solutions are subjected to
saponification, followed by a liquid–liquid extraction with a mixture of ether and hexane (1:1).
The extract is evaporated and reconstituted in the Butylated hydroxytoluene solution.
Unless specified in the individual monographs, the Standard solution, Sample solutions, Internal
standard solution, and reagent solutions are prepared as follows.
Solution A: n-Amyl alcohol and dehydrated hexane (3:997)
Solution B: Acetonitrile, water, and phosphoric acid (96: 3.8: 0.2)
Butylated hydroxytoluene solution: 10 mg/mL of butylated hydroxytoluene in
chromatographic hexane
Aqueous potassium hydroxide solution: Dissolve 800 mg of potassium hydroxide in 1000 mL
of freshly boiled water, mix, and cool. [Note—Prepare this solution fresh daily.]
Alcoholic potassium hydroxide solution: Dissolve 3 g of potassium hydroxide in 50 mL of
freshly boiled water, add 10 mL of alcohol, and dilute with freshly boiled water to 100 mL. [Note
—Prepare this solution fresh daily.]
Ascorbic acid solution: 100 mg/mL of ascorbic acid in water. [Note—Prepare this solution
fresh daily.]
Internal standard solution: 5 µg/mL of USP Ergocalciferol RS in alcohol
Standard stock solution: 5 µg/mL of USP Cholecalciferol RS in alcohol
Standard solution: Transfer 2.0 mL of the Standard stock solution and 2.0 mL of the Internal
standard solution to a round-bottom flask. Proceed as directed for Sample solution 1 beginning
with “Add 5 mL of…”.
Sample solution 1: Transfer 4.00 g of oil to a round-bottom flask. Add 5 mL of the Ascorbic
acid solution, 100 mL of alcohol, and 10 mL of the Aqueous potassium hydroxide solution, and
mix. Reflux the mixture on a steam bath for 30 min. Add 100 mL of a 10-mg/mL sodium chloride
solution. Cool rapidly under running water, and transfer the saponified mixture to a 500-mL
separator, rinsing the saponification flask with 75 mL of a 10-mg/mL sodium chloride solution,
and then with 150 mL of a mixture of ether and hexane (1:1). Shake the combined saponified
mixture and rinsings vigorously for 30 s, and allow to stand until both layers are clear. Discard
the lower layer. Wash the ether–hexane extracts by shaking vigorously with 50 mL of the
Alcoholic potassium hydroxide solution, and then washing with three 50-mL portions of a 10mg/mL sodium chloride solution. Filter the upper layer through 5 g of anhydrous sodium sulfate
on a fast filter paper into a 250-mL flask suitable for a rotary evaporator. Wash the filter with
10 mL of a mixture of ether and hexane (1:1), and combine with the extract. Evaporate the
solvent at reduced pressure at a temperature not exceeding 30 , and fill with nitrogen when
the evaporation is complete. Alternatively evaporate the solvent under a gentle stream of
nitrogen at a temperature not exceeding 30 . Dissolve the residue in 1.5 mL of the Butylated
hydroxytoluene solution. [Note—Gentle heating in an ultrasonic bath may be required. A large
fraction of the white residue is cholesterol.]
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Sample solution 2: To 4.00 g of oil add 2.0 mL of Internal standard solution, and proceed as
directed for Sample solution 1 beginning with “Add 5 mL of…”.
Clean-up chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 265 nm
Mobile phase: Solution A
Clean-up column: 4.6-mm × 25-cm stainless steel; packing L10
Injection volume: 350 µL
Analysis (clean-up)
Samples: Standard solution, Sample solution 1, and Sample solution 2
Collect separately the eluates from 2 min before to 2 min after the retention time of
cholecalciferol in a glass tube containing 1 mL of Butylated hydroxytoluene solution and fitted
with a hermetic closure. Evaporate each tube under a stream of nitrogen at a temperature not
exceeding 30 . Dissolve each residue in 1.5 mL of acetonitrile, and inject into the analytical
chromatographic system below.
Analytical chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: LC
Detector: UV 265 nm
Mobile phase: Solution B
Analytical column: 4.6-mm × 15-cm stainless steel; 5-µm packing L1
Injection volume: 200 µL
System suitability
Sample: Standard solution after clean-up
Suitability requirements
Resolution: NLT 1.4 between cholecalciferol and ergocalciferol
Relative standard deviation: NMT 2.0% for the cholecalciferol peak from replicate injections
Analysis
Samples: Standard solution, Sample solution 1, and Sample solution 2 (after the clean-up)
Calculate the content of vitamin D, in µg/g, in the portion of the sample taken:
Result = (RU/RS) × (CS/CU)
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RS = peak response of cholecalciferol relative to the internal standard in the Standard solution
CS= concentration of USP Cholecalciferol RS in the Standard solution (µg/mL)
CU= concentration of oil in Sample solution 2 (g/mL)
RU = peak response of cholecalciferol relative to the internal standard in the Standard solution
2, as calculated as follows:
RU = rU2/[rIS2

(rIS1 × rU2/rU1)]

[Note—If rIS1 = 0 due to no peak observed at the locus of the internal standard in the
chromatogram of Sample solution 1, then RU = rU2/rIS2.]
rU2 = peak response of cholecalciferol from Sample solution 2
rIS2 = peak response of the internal standard from Sample solution 2
rIS1 = peak response of the internal standard from Sample solution 1
rU1 = peak response of cholecalciferol from the Sample solution 1
USP37

BRIEFING
645 Water Conductivity, USP 35 page 267 and PF 38(3) [May–June 2012]. A revision is
proposed to modernize terminology and instrument descriptions, provide consistency with the
conductivity terms in the general information chapter Theory and Practice of Electrical
Conductivity Measurements of Solutions 1644 , and clarify the calibration rationale. There
are no changes to test limits, calibration requirements, test methodologies, or types of waters
to be tested.
(GCCA: A. Hernandez-Cardoso.)
Correspondence Number—C122606

Comment deadline: January 31, 2013
645

WATER CONDUCTIVITY

Change to read:
INTRODUCTION

USP37

Electrical conductivity in water is a measure of the ion-facilitated electron flow through it.
Water molecules dissociate into ions as a function of pH and temperature and result in a very
predictable conductivity. Some gases, most notably carbon dioxide, readily dissolve in water
and interact to form ions, which predictably affect conductivity as well as pH
also. USP37
For the purpose of this discussion, these ions and their resulting conductivity can be
considered intrinsic to the water.
Water conductivity is also affected by the presence of extraneous ions. The extraneous ions
used in modeling the conductivity specifications described below are the chloride and
sodiumions. The conductivity of the ubiquitous chloride ion (at the theoretical endpoint
concentration of 0.47 ppm when itwas a required attribute test in USP XXII and earlier
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revisions) and the ammonium ion (at the limit of 0.3 ppm) represent a major portion of the
allowed water impurity level. A balancing quantity of cations, such as sodium ions, is included in
this allowed impurity level to maintain electroneutrality. Extraneous ions such as these may
have significant impact on the water's chemical purity and suitability for use in pharmaceutical
applications. The procedure in the section Bulk Water is specified for measuring the
conductivity of waters such as Purified Water, Water for Injection, Water for Hemodialysis, and
the condensate of Pure Steam. The procedure in the section Sterile Water is specified for
measuring the conductivity of waters such as Sterile Purified Water, Sterile Water for Injection,
Sterile Water for Inhalation, and Sterile Water for Irrigation.
Online conductivity testing provides real-time measurements and opportunities for real-time
process control, decision, and intervention. Precaution should be taken while collecting water
samples for off-line conductivity measurements. The sample may be affected by the sampling
method, the sampling container, and environmental factors such as ambient carbon dioxide
concentration and organic vapors.
Water conductivity is also affected by the presence of extraneous ions. The extraneous ions
used in modeling the conductivity specifications described below are the chloride and ammonia
ions. The conductivity of the ubiquitous chloride ion (at the theoretical endpoint concentration
of 0.47 ppm when chloride was a required attribute test in USP 22 and earlier revisions) and the
ammonium ion (at the limit of 0.3 ppm) represents a major portion of the allowed water ionic
impurity level. A balancing quantity of anions (such as chloride, to counter the ammonium ion)
and cations (such as sodium, to counter the chloride ion) is included in this allowed impurity
level to maintain electroneutrality. Extraneous ions such as these may have a significant effect
on the water’s chemical purity and suitability for use in pharmaceutical applications.
The procedure in the section Bulk Water is specified for measuring the conductivity of waters
such as Purified Water, Water for Injection, Water for Hemodialysis, and the condensate of
Pure Steam. The procedure in the section Sterile Water is specified for measuring the
conductivity of waters such as Sterile Purified Water, Sterile Water for Injection, Sterile Water
for Inhalation, and Sterile Water for Irrigation.
The procedures below shall be performed using instrumentation that has been calibrated, has
conductivity sensor cell constants that have been accurately determined, and has a
temperature compensation function that has been disabled for Bulk Water Stage 1 testing. For
both online and offline measurements, the suitability of instrumentation for quality control
testing is also dependent on the sampling location(s) in the water system. The selected
sampling instrument location(s) must reflect the quality of the water used. USP37
Change to read:
INSTRUMENT SPECIFICATIONS AND OPERATING PARAMETERS
Water conductivity must be measured accurately using calibrated instrumentation. The
conductivity cell constant, a factor that represents the geometrical properties of the
conductivity sensor, must be known within ±2%. The cell constant can be verified directly by
using a solution of known or traceable conductivity, or indirectly by comparing the instrument
reading taken with the conductivity sensor in question to readings from a conductivity sensor
of known or traceable cell constant.
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Meter calibration is accomplished by replacing the conductivity sensor with NIST (or equivalent
local national authority) -traceable precision resistors (accurate to ±0.1% of the stated value)
or an equivalently accurate adjustable resistance device, such as a Wheatstone Bridge, to give
a predicted instrument response. Each scale on the meter may require separate calibration prior
to use. The frequency of recalibration is a function of instrument design, degree of use, etc.
However, because some multiple-scale instruments have a single calibration adjustment,
recalibration may be required between each use of a different scale. Excluding the conductivity
sensor cell constant accuracy, the instrument accuracy must be ±0.1 µS/cm.
In order to increase the measurement accuracy on the conductivity ranges used, which can be
large, and to ensure a complete equipment calibration, it is suggested that periodic verification
of the entire equipment be performed. This could be done by comparing the
conductivity/resistivity values displayed by the measuring equipment with those of an external
calibrated conductivity-measuring device. The two nontemperature-compensated conductivity
or resistivity values must be equivalent to within ±20% of each other, or at a difference that is
acceptable on the basis of product water criticality and/or the water conductivity ranges in
which the measurements are taken. The two conductivity sensors should be positioned close
enough together to measure the same water sample in the same environmental conditions.
In addition to the verification method performed in non-temperature-compensated mode, a
similar verification performed in temperature-compensated mode could be performed to ensure
an appropriate accuracy of the equipment when such a mode is used for trending or other
purposes.
Because temperature has a substantial impact on conductivity readings of specimens at high
and low temperatures, many instruments automatically correct the actual reading to display the
value that theoretically would be observed at the nominal temperature of 25 . This is typically
done using a temperature sensor embedded in the conductivity sensor and an algorithm in the
instrument's circuitry. This temperature compensation algorithm may not be accurate.
Conductivity values used in this method are nontemperature-compensated measurements.
Temperature measurement is required for the performance of the Stage 1 test. It may be made
using the temperature sensor embedded in the conductivity cell sensor. An external
temperature sensor positioned near the conductivity sensor is also acceptable. Accuracy of the
temperature measurement must be ±2 .
The procedures below shall be performed using instrumentation that has been calibrated, has
conductivity sensor cell constants that have been accurately determined, and has temperature
compensation function that has been disabled. For both online and offline measurements, the
suitability of instrumentation for quality control testing is also dependent on the sampling
location(s) in the water system. The selected sampling instrument location(s) must reflect the
quality of the water used.
Water conductivity must be measured accurately with calibrated instrumentation. An
electrical conductivity measurement consists of the determination of the conductance, G (or its
inverse, resistance, R), of the fluid between and around the electrodes. The conductance (1/R)
is directly affected by the geometrical properties of the electrodes; i.e., the conductance is
inversely proportional to the distance (d) between the electrodes and proportional to the area
(A) of the electrodes. This geometrical ratio (d/A) is known as the cell constant,

. Thus the
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measured conductance is normalized for the cell constant to determine the conductivity,
according to the following equation:
conductivity,

(S/cm) =

,

(cm–1)/R (W)

It is the cell constant and the resistance measurement that must be verified and adjusted, if
necessary.
Cell constant: The cell constant must be known within ±2%. The cell constant can be verified
directly by using a solution of known or traceable conductivity, or indirectly by comparing the
instrument reading taken with the conductivity sensor in question to readings from a
conductivity sensor of known or traceable cell constant. If necessary, adjust the cell constant
following the manufacturer¢s instrument protocol. The frequency of verification/calibration is a
function of the sensor design.
Resistance measurement: Calibration (or verification) of the resistance measurement is
accomplished by replacing the conductivity sensor electrodes with precision resistors having
standards traceable to NIST or equivalent national authorities in other countries (accurate to
±0.1% of the stated value) to give a predicted instrument conductivity response. The
accuracy of the resistance measurement is acceptable if the measured conductivity with the
traceable resistor is within ±0.1 µS/cm of the calculated value according to the equation
above. For example, the traceable resistor is 50 kW, and the cell constant, , is 0.10 cm–1.
The calculated value is 2.0 × 10–6 S/cm or 2.0 µS/cm. The measured value should be 2.0 ± 0.1
µS/cm. The instrument must have a minimum resolution of 0.1 µS/cm on the lowest range.
The target conductivity value(s) should be based on the type of water to be analyzed, and it
should be equal to or less than the water conductivity limit for that type of water. Multiple
measuring circuits may be embedded in the meter or the sensor, and each circuit may require
separate verification or calibration before use. The frequency of recalibration is a function of
instrument system design. System verification: The cell constant of the user’s sensor can be
determined with the user’s resistance measurement system, or the cell constant can be
determined with an independent resistance measurement system. If the cell constant is
determined with an independent resistance measurement system, it is recommended that the
user verify that the sensor has been properly connected to the resistance measurement
system to ensure proper performance. Verification can be made by comparing the conductivity
(or resistivity) values displayed by the measuring equipment with those of an external
calibrated conductivity-measuring device. The two non–temperature-compensated conductivity
(or resistivity) values should be equivalent to or within ±5% of each other, or should have a
difference that is acceptable on the basis of product water criticality and/or the water
conductivity ranges in which the measurements are taken. The two conductivity sensors should
be positioned close enough together to measure the same water sample at the same
temperature and water quality.
Temperature compensation and temperature measurements: Because temperature has a
substantial effect on conductivity readings of specimens at high and low temperatures, many
instruments automatically correct the actual reading to display the value that theoretically
would be observed at the nominal temperature of 25 . This is typically done using a
temperature sensor embedded in the conductivity sensor and a software algorithm embedded in
the instrument. This temperature compensation algorithm may not be accurate for the various
water types and impurities. For this reason, conductivity values used in the Stage 1 test for
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Bulk Water are non–temperature-compensated measurements. Other conductivity tests that
are specified for measurement at 25 can use either temperature-compensated or non–
temperature-compensated measurements.
A temperature measurement is required for the Stage 1 test or for the other tests at 25 . It
may be made using the temperature sensor embedded in the conductivity cell sensor. An
external temperature sensor positioned near the conductivity sensor is also acceptable.
Accuracy of the temperature measurement must be ±2 .

USP37

Change to read:
BULK WATER
The procedure and test limits in this section are intended for Purified Water, Water for
Injection, Water for Hemodialysis, the condensate of Pure Steam, and any other monographs
that specify this section.
The combined conductivities of the intrinsic and extraneous ions vary as a function of pH and
are the basis for the conductivity specifications described in the Stage 3—pH and Conductivity
Requirements table and used when performing Stage 3 of the test method. Two preliminary
stages are included in the test method. If the test conditions and conductivity limits are met at
either of these preliminary stages, the water meets the requirements of this test. Proceeding to
the third stage of the test in these circumstances is unnecessary. Only in the event of failure
at the final test stage is the sample judged noncompliant with the requirements of the test.
This is a three-stage test method to accommodate online or offline testing. Online
conductivity testing provides real-time measurements and opportunities for real-time process
control, decision, and intervention. Precautions should be taken while collecting water samples
for offline conductivity measurements. The sample may be affected by the sampling method,
the sampling container, and environmental factors such as ambient carbon dioxide
concentration and organic vapors. This procedure can be started at Stage 2 if offline testing is
preferred.
USP37

Procedure
STAGE 1
Stage 1 is intended for online measurement or may be performed offline in a suitable container.
1. Determine the temperature of the water and the conductivity of the water with a non–
temperature-compensated conductivity reading.
2. Using Table 1, find the temperature value that is NMT the measured temperature, i.e., the
next lower temperature. The corresponding conductivity value on this table is the limit. [Note
—Do not interpolate.]
3. If the measured conductivity is NMT the table value
determined in step 2, USP37
the water meets the requirements of the test for conductivity. If the conductivity is higher
than the table value, proceed with Stage 2.
Table 1. Stage 1—Temperature and Conductivity Requirements
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(for non–temperature-compensated conductivity measurements only)
Conductivity Requirement
Temperature
(µS/cm)
0
0.6
5
0.8
10
0.9
15
1.0
20
1.1
25
1.3
30
1.4
35
1.5
40
1.7
45
1.8
50
1.9
55
2.1
60
2.2
65
2.4
70
2.5
75
2.7
80
2.7
85
2.7
90
2.7
95
2.9
100
3.1
STAGE 2
4. Transfer a sufficient amount of water (100 mL or more)
USP37

to a suitable container, and stir the test specimen. Adjust the temperature, if necessary, and,
while maintaining it at 25 ± 1 , begin vigorously agitating the test specimen while periodically
observing the conductivity. When the change in conductivity (due to uptake of atmospheric
carbon dioxide) is less than a net of 0.1 µS/cm per 5 min, note the conductivity.
[Note—Conductivity measurements at this stage may be temperature-compensated to 25 or
non–temperature-compensated.] USP37
5. If the conductivity is NMT 2.1 µS/cm, the water meets the requirements of the test for
conductivity. If the conductivity is greater than 2.1 µS/cm, proceed with Stage 3.
STAGE 3
6. Perform this test within approximately 5 min of the conductivity determination in step 5 while
maintaining the sample temperature at 25 ± 1 . Add a saturated potassium chloride solution to
the same water sample (0.3 mL per 100 mL of the test specimen), and determine the pH to the
nearest 0.1 pH unit, as directed in pH

791 .
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7. Referring to Table 2, determine the conductivity limit at the measured pH value. If the
measured conductivity in step 4 is not greater than the conductivity requirements for the pH
NMT the table value USP37
determined in step 6, the water meets the requirements of the test for conductivity. If either
the measured conductivity is greater than this value or the pH is outside the range of 5.0–7.0,
the water does not meet the requirements of the test for conductivity.
Table 2. Stage 3—pH and Conductivity Requirements
(for atmosphere- and temperature-equilibrated samples only)
Conductivity Requirement
pH
(µS/cm)
5.0
4.7
5.1
4.1
5.2
3.6
5.3
3.3
5.4
3.0
5.5
2.8
5.6
2.6
5.7
2.5
5.8
2.4
5.9
2.4
6.0
2.4
6.1
2.4
6.2
2.5
6.3
2.4
6.4
2.3
6.5
2.2
6.6
2.1
6.7
2.6
6.8
3.1
6.9
3.8
7.0
4.6
Change to read:
STERILE WATER
The procedure and test limits are intended for Sterile Purified Water, Sterile Water for Injection,
Sterile Water for Inhalation, Sterile Water for Irrigation, and any other monographs that specify
this section. The sterile waters are derived from Purified Water or Water for Injection, and
therefore have been determined to be compliant with the Bulk Water requirements before being
stored in the container. The specification provided represents the maximum allowable
conductivity value, taking into consideration the limitation of the measurement method and
reasonable container leaching. Such specification and the sampling volume choices should be
defined and validated on the basis of the intended purpose of the water.
Procedure
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Obtain a sample that suitably reflects the quality of water used. Before opening, vigorously
agitate the package to homogenize the water sample. Several packages may be required to
collect sufficient water for analysis.
1S (USP36)

Transfer a sufficient amount of water to a suitable container, and stir the test specimen.
Adjust the temperature, if necessary, and, while maintaining it at 25 ± 1 , begin vigorously
agitating the test specimen while periodically observing the conductivity. When the change in
conductivity (due to uptake of ambient carbon dioxide) is less than a net of 0.1 µS/cm per 5
min, note the conductivity.
For containers with a nominal volume of 10 mL or less, if the conductivity is NMT 25
15 1S (USP36)
µS/cm, the water meets the requirements. For containers with a nominal volume greater than
10 mL, if the conductivity is NMT 5 µS/cm, the water meets the requirements.
BRIEFING
659 Packaging and Storage Requirements, USP 35 page 270. The Packaging, Storage,
and Distribution Expert Committee proposes to remove information pertaining to packaging and
storage of injections from general test chapter Injections 1 and to add the information to
this chapter. The Packaging, Storage, and Distribution Expert Committee edited and deleted
some of the text that is being added to the chapter, in order to clarify and eliminate
redundancy within USP.
Listed below are the packaging and storage sections that are being removed from Injections
1

and added to this chapter:

Containers for Injections
Containers for Sterile Solids
Packaging and Storage.
In addition, the definition for single-dose packaging is being revised to address recent
industry concerns.
(GCPS: D. Hunt.)
Correspondence Number—C117664

Comment deadline: January 31, 2013
Add the following:
659

PACKAGING AND STORAGE REQUIREMENTS

Every monograph in USP and NF shall have packaging and storage requirements. For the
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packaging portion of the statement, the choice of containers is given in this chapter. For drug
product packaging requirements, definitions are provided to guide selection and adaptation. For
drug substances, the choice would be tight, well-closed, or, where needed, a light-resistant
container. For excipients, because of their typical presentation as large-volume commodity
items (containers range from drums to tank cars), a well-closed container is an appropriate
default.
Where no specific directions or limitations are provided in the article’s labeling, articles shall be
protected from moisture, freezing, and excessive heat, and, where necessary, from light during
shipping and distribution. Drug substances are exempt from this standard.
PACKAGING
Packaging must not interact physically or chemically with official articles in any way that
causes their safety, identity, strength, quality, or purity to fail to conform to requirements.
This chapter provides definitions of both packaging and storage.
Change to read:
GENERAL DEFINITIONS
Packaging System (also referred to as a container–closure system): The sum of packaging
components that together contains and protects the article. This includes primary packaging
components and secondary packaging components, if the latter are intended to provide
additional protection.
Container: A receptacle that holds an intermediate compound, active pharmaceutical
ingredient, excipient, or dosage form and is in direct contact with the articles.
Packaging Component: Any single part of the package or container–closure system including
the container (e.g., ampules, prefilled syringes, vials, or bottles); container liners (e.g., tube
cartridge liners); closures (e.g., screw caps or stoppers); ferrules and overseals; closure liners;
inner seals; administration ports; overwraps; administration accessories; and labels.
Primary Packaging Component: Packaging components that are in direct contact or may
come in direct contact with the article.
Secondary Packaging Component: Packaging components that are not and will not be in
direct contact with the article but may provide additional protection.
Tertiary Packaging: Packaging components that are not in direct contact with the article but
facilitate handling and transport in order to prevent damage from physical handling and storage
conditions to which the article is subjected.
Materials of Construction: Refers to the materials (e.g., glass, plastic, elastomers, or metal)
used to manufacture a packaging component.
Multiple-Dose (also referred to as multidose): A packaging system that permits withdrawal of
successive portions of an article for parenteral administration without changing the safety,
strength, quality, or purity of the remaining portion. See Multi-Dose Containers in Injections
, Determination of Volume of Injection in Containers

1
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Container Content for Injections

697 , Determination of Volume of Injection in Containers.

USP37

Multiple-Unit: A packaging system that permits withdrawal of successive portions of an article
without changing the safety, strength, quality, or purity of the remaining portion.
Single-Unit: A packaging system that holds a quantity of an article intended for administration
as a single dose or a single finished device intended for single use.
Single-Dose: (see also Injections

1 , Containers for Injections)

USP37

A single-unit package for an article intended for parenteral administration. Examples of singledose containers include prefilled syringes, cartridges, fusion-sealed containers, and closuresealed containers when so labeled.
Unit-Dose: A single-unit packaging system for an article intended for administration by other
than the parenteral route as a single dose.
Unit-of-Use: A packaging system that contains a specific quantity of an article that is
intended to be dispensed as such without further modification except for the addition of
appropriate labeling. Unit-of-Use packaging may not be repackaged for sale.
Pharmacy Bulk Package: A container
packaging system USP37
of a sterile preparation for parenteral use that contains many single doses. The contents are
intended for use in a pharmacy admixture program and are restricted to the preparation of
admixtures for infusion or, through a sterile transfer device, for the filling of empty sterile
syringes.
After constitution, the closure shall be penetrated only one time with a suitable sterile transfer
device or dispensing set that allows measured dispensing of the contents. The Pharmacy Bulk
Package is to be used only in a suitable work area such as a laminar-flow hood (or an
equivalent clean air compounding area).
Designation as a Pharmacy Bulk Package is limited to Injections, for Injection, or Injectable
Emulsion as defined under Injections 1 , Nomenclature.
Pharmacy Bulk Packages, although they contain more than one single dose, are exempt from
the multiple-dose container volume limit of 30 mL and the requirement that they contain a
substance or suitable mixture of substances to prevent the growth of microorganisms. Where a
container is offered as a Pharmacy Bulk Package, the label shall (a) state prominently
“Pharmacy Bulk Packages—Not for direct infusion,” (b) contain or refer to information on proper
techniques to help assure safe use of the product, and (c) bear a statement limiting the time
frame in which the container may be used once it has been entered, provided it is held under
the labeled storage conditions.
See Labeling

7

for labeling requirements.

USP37

Small-Volume Injections: A single-dose injection that is intended for intravenous use and is
packaged in containers labeled as containing 100 mL or less.
Large-Volume Injections: A single-dose injection that is intended for intravenous use and is
packaged in containers labeled as containing more than 100 mL.
Child-Resistant: A packaging system designed or constructed to meet Consumer Product
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Safety Commission standards pertaining to opening by children (16 CFR §1700.20).
Senior-Friendly: A packaging system designed or constructed to meet Consumer Product
Safety Commission standards pertaining to opening by senior adults (16 CFR §1700.20).
Tamper-Evident: A packaging system that cannot be accessed without obvious destruction of
the seal or some portion of the packaging system.
Tight: A packaging system that protects the articles from contamination by extraneous liquids,
solids, or vapors; from loss of the article; and from efflorescence, deliquescence, or
evaporation under the ordinary or customary conditions of handling, shipment, storage, and
distribution. See Containers—Performance Testing

671 .

Well-Closed: A packaging system that protects the articles from contamination by extraneous
solids and liquids and from loss of the article under the ordinary or customary conditions of
handling, shipment, storage, and distribution. See

671 .

Light-Resistant: A packaging system that protects from the effects of light by virtue of the
specific properties of the material of which it is composed, including any coating applied to it. A
clear and colorless or a translucent container may be made light-resistant by means of an
opaque covering or by use of secondary packaging, in which case the label of the container
bears a statement that the opaque covering or secondary packaging is needed until the articles
are to be used or administered. See

671 , Light Transmission Test.

Add the following:
INJECTION PACKAGING
Validation of container–closure integrity must demonstrate no penetration of microbial
contamination or chemical or physical impurities. In addition, the solutes and the vehicle must
maintain their specified total and relative quantities or concentrations when exposed to
anticipated extreme conditions of manufacturing and processing, and storage, shipment, and
distribution. Closures for multiple-dose packaging systems permit the withdrawal of the
contents without removal or destruction of the closure. The closure permits penetration by a
needle and, upon withdrawal of the needle, closes at once, protecting the contents against
contamination. Validation of the multiple-dose container–closure integrity must include
verification that such a package prevents microbial contamination or loss of product contents
under anticipated conditions of multiple entry and use.
Piggyback packaging systems usually are intravenous infusion container–closure systems used
to administer a second infusion through a connector of some type or an injection port on the
administration set of the first fluid, thereby avoiding the need for another injection site on the
patient's body. Piggyback packaging systems also are known as secondary infusion containers.
The volume of injection in single-dose packaging system provides the amount specified for
parenteral administration at one time and in no case is more than sufficient to permit the
withdrawal and administration of 1 L.
Preparations intended for intraspinal, intracisternal, or peridural administration are packaged
only in single-dose packaging systems.
Unless otherwise specified in the individual monograph, a multiple-dose packaging system
contains a volume of Injection sufficient to permit the withdrawal of NMT 30 mL.
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The following injections are exempt from the 1-L restriction of the foregoing requirements
relating to packaging:
1. Injections packaged for extravascular use as irrigation solutions or peritoneal dialysis
solutions
2. Injections packaged for intravascular use as parenteral nutrition or as replacement or
substitution fluid to be administered continuously during hemofiltration.
Injections packaged for intravascular use that may be used for intermittent, continuous, or
bolus replacement fluid administration during hemodialysis or other procedures, unless excepted
above, must conform to the 1-L restriction. Injections labeled for veterinary use are exempt
from packaging and storage requirements concerning the limitation to single-dose packaging
systems and the limitation on the volume of multiple-dose containers.
Sterile Solids Packaging: A packaging system for a sterile solid permits the addition of a
suitable solvent and withdrawal of portions of the resulting solution or suspension in such
manner that the sterility of the product is maintained. Where the Assay in a monograph
provides a procedure for the Sample solution, in which the total withdrawable contents are to
be withdrawn from a single-dose packaging system with a hypodermic needle and syringe, the
contents are to be withdrawn as completely as possible into a dry hypodermic syringe of a
rated capacity not exceeding three times the volume to be withdrawn and fitted with a 21gauge needle NLT 2.5 cm (1 inch) in length, with care being taken to expel any air bubbles, and
discharged into a container for dilution and assay. USP37
MEDICAL GAS PACKAGING
Gas Cylinder: A gas cylinder is a metallic packaging system constructed of steel or aluminum
designed to hold medical gases under pressure. Medical gases include Carbon Dioxide USP,
Helium USP, Medical Air USP, Nitric Oxide, Nitrous Oxide USP, Nitrogen NF, and Oxygen USP. As
a safety measure, for carbon dioxide, cyclopropane, helium, medical air, nitrous oxide, and
oxygen. The Pin–Index Safety System of matched fittings is recommended for cylinders of Size
E or smaller.
ASSOCIATED COMPONENTS
Many associated components are graduated for dose administration. It is the responsibility of
the manufacturer to ensure the appropriate dosing component is provided or a general-purpose
component, such as those described in this section, is specified for delivering the appropriate
dose with the intended accuracy. The graduations should be legible and indelible.
Graduated associated components described in this section are for general use. Graduated
markings should be legible, indelible, and on an extraoral non–product contact surface. Under
ideal conditions of use, the volume error incurred in measuring liquids for individual dose
administration by means of such graduated components should be not greater than 10% of the
indicated amount of the liquid preparation with which the graduated component will be used.
Few liquid preparations have the same surface and flow characteristics. Therefore, the volume
delivered varies materially from one preparation to another.
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Polymers and ingredients added to polymers that are used in the fabrication of associated
components must conform to the requirements in the applicable sections of 21 CFR Indirect
Food Additives.
Dosing Cups: A measuring device consisting of a small cup that is packaged with oral liquid
articles or that may be sold and purchased separately.
Dosing Spoon: A measuring device consisting of a bowl and a handle that is packaged with
oral liquid articles or that may be sold and purchased separately. The handle may be a
graduated tube.
Medicine Dropper: A measuring device consisting of a transparent or translucent barrel or
tube that generally is fitted with a collapsible bulb. It is packaged with oral liquid articles or
may be sold and purchased separately.
Droppers typically vary in capacity; however, the delivery end should be a round opening
having an external diameter of about 3 mm. The barrel may be graduated. [Note—Few medicinal
liquids have the same surface and flow characteristics as water, and therefore the size of
drops varies materially from one preparation to another.]
Oral Syringe: A measuring device consisting of a plunger and barrel made of suitable rigid
transparent or translucent plastic material and a seal on the end. It is packaged with oral liquid
articles or may be sold and purchased separately. The syringe should expel a measured amount
of a liquid article directly into the patient’s mouth. Finger grips located at the open end of the
barrel should be the appropriate size, shape, and strength and should allow the syringe to be
held securely during use. The barrel may be graduated.
Teaspoon: A measuring device consisting of a shallow bowl, oval or round, at the end of a
handle. A teaspoon has been established as containing 4.93 ± 0.24 mL. For the practice of
administering articles, the teaspoon may be regarded as representing 5 mL.
Articles intended for administration by teaspoon should be formulated on the basis of dosage in
5-mL units so that any component used to administer liquid articles should deliver 5 mL
wherever a teaspoon calibration is indicated. A household spoon is not an acceptable
alternative to the graduated teaspoon described herein.
POISON PREVENTION PACKAGING ACT
The Poison Prevention Packaging Act (PPPA) requires special packaging of most human oral
prescription drugs, oral controlled drugs, certain non-oral prescription drugs, certain dietary
supplements, and many over-the-counter (OTC) drug preparations in order to protect the
public from personal injury or illness from misuse of these preparations (16 CFR §1700.14).
The immediate packaging of substances regulated under PPPA must comply with the special
packaging standards (16 CFR §1700.15 and 16 CFR §1700.16) and the act applies to all
packaging types including reclosable, nonclosable, and unit-dose types.
Special packaging is not required either for drugs dispensed within a hospital setting for
inpatient administration or by manufacturers and packagers of bulk-packaged prescription drugs
repackaged by the pharmacist. PPPA-regulated prescription drugs may be dispensed in non–
child-resistant packaging upon the request of the purchaser or when directed in a legitimate
prescription (15 USC §1473).
Manufacturers or packagers of PPPA-regulated OTC preparations are allowed to package one
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size in non–child-resistant packaging as long as popular-size, special packages also are
supplied. The non–child-resistant packaging requires special labeling (16 CFR §1700.5).
STORAGE CONDITIONS
Specific directions are stated in some monographs with respect to storage conditions, e.g., the
temperature or humidity at which an article must be stored and shipped. Such directions apply,
except where the label on the article has different storage conditions that are based on
stability studies. Where no specific storage conditions are provided in the individual monograph,
but the label of an article states storage conditions based on stability studies, such labeled
storage directions apply (see Pharmaceutical Stability
articles are defined by the following terms.

1150 ). Current storage conditions for

Freezer: A place in which the temperature is maintained between

25 and

10 ( 13 and

14 F).
Refrigerator: A place in which the temperature is maintained between 2 and 8 (36 and 46
F).
Cold: Any temperature not exceeding 8 (46 F).
Cool: Any temperature between 8 and 15 (46 and 59 F). [Note—An article for which
storage in a cool place is directed may, alternatively, be stored and shipped as refrigerated,
unless otherwise specified by the individual monograph.]
Room Temperature: The temperature prevailing in a work area.
Controlled Room Temperature: The temperature maintained at the usual and customary
working environment of 20 to 25 (68 to 77 F). The following conditions also apply.
The mean kinetic temperature shall not exceed 25 . The mean kinetic temperature is a
calculated value that may be used as an isothermal storage temperature that simulates the
nonisothermal effects of storage temperature variations.
Excursions between 15 and 30 (59 and 86 F) that are experienced in pharmacies, hospitals,
and warehouses and during shipping are allowed, provided the mean kinetic temperature does
not exceed 25 .
Transient spikes up to 40 are permitted as long as they do not last for more than 24 h. Spikes
above 40 may be permitted only if the manufacturer so instructs.
Articles may be labeled for storage at “controlled room temperature” or at “up to 25 ” or other
wording based on the same mean kinetic temperature.
An article for which storage at Controlled Room Temperature is directed may, alternatively, be
stored and shipped in a cool place or refrigerated, unless otherwise specified in the individual
monograph or on the label.
Warm: Any temperature between 30 and 40 (86 and 104 F).
Excessive Heat: Any temperature above 40 (104 F).
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Dry Place: The term “dry place” denotes a place that does not exceed 40% average relative
humidity at 20 (68 F) or the equivalent water vapor pressure at other temperatures. The
determination may be made by direct measurement at the place or may be based on reported
climatic conditions. Determination is based on NLT 12 equally spaced measurements that
encompass either a season, a year, or, where recorded data demonstrate, the storage period
of the article. There may be values of up to 45% relative humidity provided that the average
value does not exceed 40% relative humidity. Storage in a container validated to protect the
article from moisture vapor, including storage in bulk, is considered a dry place.
Protection from Freezing: Where, in addition to the risk of breakage of the container, freezing
subjects an article to loss of strength or potency or to destructive alteration of its
characteristics, the container label bears an appropriate instruction to protect the article from
freezing.
Protection from Light: Where light subjects an article to loss of strength or potency or to
destructive alteration of its characteristics, the container label bears an appropriate instruction
to protect the article from light. USP35
BRIEFING
697 Container Content for Injections. General test chapter Injections 1 is being
revised to contain only product quality tests for Injections and Implanted Drug Products
(Parenterals). Information is being removed from the chapter and added to or placed in new
general chapters that appear in the current issue of PF. Information contained within the
Container Content section of Injections 1 is being moved to this proposed new general
chapter. There are no changes to the standard, but the title has been revised to include the
word “Injections”, so that the drug product to which this chapter applies is clearly stated.
(GCDF: D. Hunt.)
Correspondence Number—C117967

Comment deadline: January 31, 2013
Add the following:
697

CONTAINER CONTENT FOR INJECTIONS

Each container of an injection contains sufficient excess to allow withdrawal of the labeled
quantity of drug. Such withdrawal shall be performed according to labeled directions, if
provided.
DETERMINATION OF VOLUME OF INJECTION IN CONTAINERS
This section is harmonized with the corresponding texts of the European Pharmacopoeia and/or
the Japanese Pharmacopoeia. These pharmacopeias have undertaken not to make any
unilateral change to this harmonized section. A portion of the present text (see below) is
national USP text, and therefore not part of the harmonized text; it is marked with symbols (
) to specify this fact.

PF 38(6): Nov.-Dec. 2012

121

Suspensions and emulsions must be shaken before withdrawal of the contents and before the
determination of the density. Oily and viscous preparations may be warmed according to the
instructions on the label, if necessary, and thoroughly shaken immediately before removing the
contents. The contents are then cooled to 20 –25 before measuring the volume. Sterile
solid formulations must be constituted according to labeled directions before removing the
contents. Contents are then to be measured following the procedures for suspensions,
emulsions, or solutions, as appropriate.
Single-Dose Containers—Select 1 container if the volume of the container is 10 mL or more,
3 containers if the nominal volume is more than 3 mL and less than 10 mL, or 5 containers if the
nominal volume is 3 mL or less. Take up individually the total contents of each container
selected into a dry syringe of a capacity not exceeding three times the volume to be measured
and fitted with a 21-gauge needle not less than 2.5 cm (1 inch) in length. Expel any air bubbles
from the syringe and needle, and then discharge the contents of the syringe, without emptying
the needle, into a standardized, dry cylinder (graduated to contain rather than to deliver the
designated volumes) of such size that the volume to be measured occupies at least 40% of its
graduated volume. Alternatively, the volume of the contents in mL may be calculated as the
mass, in g, divided by the density. For containers with a nominal volume of 2 mL or less, the
contents of a sufficient number of containers may be pooled to obtain the volume required for
the measurement, provided that a separate, dry syringe assembly is used for each container.
The contents of containers holding 10 mL or more may be determined by means of opening
them and emptying the contents directly into the graduated cylinder or tared beaker.
The volume is not less than the nominal volume in the case of containers examined individually
or, in the case of containers with a nominal volume of 2 mL or less, is not less than the sum of
the nominal volumes of the containers taken collectively.
Multi-Dose Containers—For Injections in multiple-dose containers labeled to yield a specific
number of doses of a stated volume, select 1 container, and proceed as directed for singledose containers, using the same number of separate syringe assemblies as the number of doses
specified. The volume is such that each syringe delivers not less than the stated dose.
Injections in Cartridges or Prefilled Syringes—Select 1 container if the volume is 10 mL or
more, 3 containers if the nominal volume is more than 3 mL and less than 10 mL, or 5
containers if the nominal volume is 3 mL or less. If necessary, fit the containers with the
accessories required for their use (needle, piston, syringe) and transfer the entire contents of
each container without emptying the needle into a dry tared beaker by slowly and constantly
depressing the piston. Determine the volume, in mL, calculated as the mass, in g, divided by
the density.
The volume measured for each of the containers is not less than the nominal volume.
Large-Volume Intravenous Solutions—For intravenous solutions, select 1 container.
Transfer the contents into a dry measuring cylinder of such a capacity that the volume to be
determined occupies at least 40% of the nominal volume of the cylinder. Measure the volume
transferred.
The volume is not less than the nominal volume. USP37
BRIEFING
790 Visible Particulates in Injections. On the basis of comments received during the
first appearance of this new general chapter in PF 38(2) [Mar.–Apr. 2012], additional changes
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are being proposed.
This proposed new general test chapter is the first of two being developed to address the
inspection of visible particulates in injectable drug products. Visual inspection of parenteral
products is driven by the need to minimize the introduction of unintended particulate matter
into patients during the delivery of injectable medications. Such inspection also offers the
opportunity to reject nonconforming units, such as those with cracks or incomplete seals, that
pose a risk to the sterility of the product. Even though defects occur infrequently and many
times are random events, there is still the expectation that each finished unit be inspected
(100% inspection). Human visual performance is critical to the assessment of visible particles.
The detection of visible particles is probabilistic; i.e., the probability of detection increases with
increasing particle size. Although zero defects is the desired goal and should drive continuous
process improvement, it is not a workable acceptance criterion for visible particulate matter
because of current packaging components and processing capability. USP has adopted the
terminology of “essentially free” to recognize this current state; however, a more precise
definition of “essentially free” is needed to prevent misunderstanding and to aid in
communication of this important quality attribute. The proposed new general test chapter
outlines a procedure for performing visual inspection and a specification for determining if
products in commerce meet the USP definition of “essentially free”.
The second chapter in development, 1790 , will provide general information and guidance
for best practices in the area of particulate and container/closure defect monitoring and
control. This informational chapter will provide an overview of the elements of a Life Cycle
Approach to support continual process improvement, extending from inspection of incoming
primary packaging to filled product release. Focus areas will cover the development of a
stabilized manual inspection and how this baseline can be used to qualify semi-automated
manual and fully automated inspection. Other key topics will be inspector training/qualification,
defect libraries, inspection standards development, particulate and container/closure defect
characterization, data trending, stability, retention, and other supporting systems to the visual
inspection process. The proposed chapter will appear in PF in 2013.
(GCDF: D. Hunt.)
Correspondence Number—C120515

Comment deadline: January 31, 2013
Add the following:
790

VISIBLE PARTICULATES IN INJECTIONS

All products intended for parenteral administration must be visually inspected for the presence
of particulate matter as specified in Injections 1 . Dry solids, from which constituted
solutions are prepared for injection, meet the requirements for Constituted Solutions under
Injections 1 when they are prepared just prior to use. Where used in this chapter, the term
essentially free means that when injectable drug products are inspected as described herein,
no more than the specified number of units may be observed to contain visible particulates.
Particulate matter is defined in Particulate Matter in Injections 788 as extraneous mobile
undissolved particles, other than gas bubbles, unintentionally present in solutions. Examples of
such particulate matter include, but are not limited to, fibers, glass, metal, elastomeric
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materials, and precipitates. However, some products, such as those derived from proteins, may
contain inherent particles or agglomerates; in such cases, requirements for visible particulates
are specified in the individual monograph or in the approved regulatory application.
Inspection Procedure
This procedure is intended for products that have been 100% inspected as part of the
manufacturing process, but this procedure alone is not sufficient for batch-release testing. A
complete program for the control and monitoring of particulate matter remains an essential
prerequisite. Other procedures that have been demonstrated to achieve the same or better
sensitivity for visible particulates can be used as an alternative to the one described below.
Inspected units must be free from visible particulates when examined without magnification
(except for optical correction as may be required to establish normal vision) against a black
background and against a white background with illumination that at the inspection point has
an intensity between 2000 and 3750 lux. This can be achieved through the use of two 13-W or
15-W fluorescent lamps (e.g., F13/T5 or F15/T8). The use of a high-frequency ballast to
reduce flicker from the fluorescent lamps is recommended. Alternative light sources (e.g.,
incandescent, LED) that provide illumination within the specified intensity range are acceptable.
Higher illumination intensity is recommended for examination of colored solutions or product in
containers other than clear glass.
Before performing the inspection, remove any adherent labels from the container, and wash and
dry the outside. The unit under inspection should be gently swirled and/or inverted, ensuring
that no air bubbles are produced, and inspected for approximately 5 s against each of the
backgrounds. The presence of any particles should be recorded.
Batch-Release (Following 100% Manufacturing Inspection)
For batch-release purposes, sample and inspect the batch using ANSI/ASQ Z1.4 or ISO 2859-1)
General Inspection Level II, single sampling plans for normal inspection with an Acceptable
Quality Limit (AQL) of 0.65%. Alternative sampling plans with equivalent or better protection
are acceptable. Not more than the specified number of units contains visible particulates.
Product in Distribution
If it becomes necessary to evaluate the product that has been shipped to customers (e.g.,
because of a complaint or regulatory concern), sample and inspect 20 units. If no particles are
observed in the sample, the batch is considered essentially free of visible particulates. If
available, additional units may be inspected to gain further information on the risk of
particulates in the batch. USP37
BRIEFING
1121 Nomenclature, USP 35 page 725. On the basis of comments received, the
previously proposed revision, published in PF 38(1) [Jan.–Feb. 2012], has been canceled, and a
new proposal is being presented. The main changes in the general chapter include:
An updated description of USP's role in law, with amended references;
A revised Monograph Naming Policy for Salt Drug Substances in Drug Products and
Compounded Preparations to clarify the definition of the active moiety. This definition
applies to noncovalent chemical entities such as salts, complexes, and clathrates but
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excludes covalently bound esters;
General rules are applied in the naming of drug products with clear definitions such
as:
Rules for omitting route of administration in the name,
Rules for naming and labeling injections, where specific route (e.g.,
intravenous, intramuscular, etc.) is placed in the labeling rather than in the title,
The term "for" is included in names to indicate that the product is a solid drug
substance that must be dissolved or suspended in a suitable liquid to obtain a
final dosage form,
Clarification of rules for products administered vaginally (inserts) and rectally
(suppositories);
A revised Policy for Implementation of Nomenclature Revisions to clarify the schedule
for revised official names.
(NSL: A. Wilk.)
Correspondence Number—C116976

Comment deadline: January 31, 2013
1121

NOMENCLATURE

Change to read:
The USP (or NF) titles for monograph articles are legally recognized under the Federal Food,
Drug, and Cosmetic Act as the designations for use in labeling the articles to which they apply.
The value of designating each drug by one and only one nonproprietary1 name is important in
terms of achieving simplicity and uniformity in drug nomenclature. In support of the U.S.
Adopted Names program (see Mission and Preface in USP–NF), of which the U.S. Pharmacopeial
Convention is a cosponsor, the USP Council of Experts gives consideration to the adoption of
the U.S. Adopted Name, if any, as the official title for any compound that attains compendial
recognition.
A compilation of the U.S. Adopted Names (USAN) published from the start of the USAN program
in 1961, as well as other names for drugs, both current and retrospective, is provided in the
USP Dictionary of USAN and International Drug Names. This publication serves as a book of
names useful for identifying and distinguishing all kinds of names for drugs, whether public,
proprietary, chemical, or code-designated names.2
A nonproprietary name of a drug serves numerous and varied purposes, its principal function
being to identify the substance to which it applies by means of a designation that may be used
by the professional and lay public free from the restrictions associated with registered
trademarks. Teaching in the health sciences requires a common designation, especially for a
drug that is available from several sources or is incorporated into a combination drug product;
nonproprietary names facilitate communication among healthcare providers; nonproprietary
names must be used as the titles of the articles recognized by official drug compendia; a
nonproprietary name is essential to the pharmaceutical manufacturer as a means of protecting
trademark rights in the brand name for the article concerned; and, finally, the manufacturer is
obligated by federal law to include the established nonproprietary name in advertising and
labeling.
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Under the terms of the Drug Amendments of 1962 to the Federal Food, Drug, and Cosmetic Act,
which became law October 10, 1962, the Secretary of Health and Human Services is authorized
to designate an official name for any drug wherever deemed “necessary or desirable in the
interest of usefulness and simplicity.”3
The Commissioner of Food and Drugs and the Secretary of Health and Human Services
published in the Federal Register regulations effective November 26, 1984, which state, in part:
“Sec. 299.4 Established names of drugs.”
“(e) The Food and Drug Administration will not routinely designate official names under section
508 of the act. As a result, the established name under section 502(e) of the act will ordinarily
be either the compendial name of the drug or, if there is no compendial name, the common and
usual name of the drug. Interested persons, in the absence of the designation by the Food and
Drug Administration of an official name, may rely on as the established name for any drug the
current compendial name or the USAN adopted name listed in USAN and the USP Dictionary of
Drug Names.”4
It will be noted that the monographs on the biologics, which are produced under licenses issued
by the Secretary of the U.S. Department of Health and Human Services, represent a special
case. Although efforts continue toward achieving uniformity, there may be a difference
between the respective title required by federal law and the USP title. Such differences are
fewer than in past revisions of the Pharmacopeia. The USP title, where different from the FDA
Center for Biologics Evaluation and Research title, does not necessarily constitute a synonym
for labeling purposes; the conditions of licensing the biologic concerned require that each such
article be designated by the name appearing in the product license issued to the manufacturer.
Where a USP title differs from the title in the federal regulations, the former has been adopted
with a view to usefulness, simplicity, and conformity with the principles governing the selection
of monograph titles generally.
GENERAL NOMENCLATURE FORMS
Some monograph titles existing in the USP–NF do not conform to the formats outlined in this
general information chapter. Typically, these monograph titles were adopted before the
establishment of the title formats and nomenclature policies presented in this general
information chapter. Such monograph titles may be subject to subsequent revision and should
not be interpreted as precedents for other monograph titles.
Standardized forms of nomenclature have been devised in the interest of achieving uniformity
for naming compendial articles. The general nomenclature forms that follow illustrate the
terminology used throughout the official compendia for consistency in establishing titles of
monographs on official pharmaceutical dosage forms and preparations. Examples are shown for
the more frequently encountered categories of dosage forms.
For a variety of dosage forms, titles are in the following general form: [DRUG] [ROUTE OF
ADMINISTRATION] [DOSAGE FORM].
Examples:
Calcium Carbonate Oral Suspension
Cetylpyridinium Chloride Topical Solution

PF 38(6): Nov.-Dec. 2012

126

Dexamethasone Ophthalmic Suspension
Epinephrine Bitartrate Ophthalmic Solution
Isosorbide Dinitrate Sublingual Tablets
Miconazole Nitrate Topical Powder
Triple Sulfa Vaginal Cream
The term “Vaginal Inserts”, rather than “Vaginal Tablets”, “Vaginal Capsules”, or “Vaginal
Suppositories” is used in the title of this type of vaginal preparation to avoid the potential for
misuse of these products if the term “Tablets” or “Capsules” or “Suppositories” were to appear
in the title.
Example:
Clotrimazole Vaginal Inserts
The term for route of administration is omitted for those dosage forms for which the route of
administration is understood. The general form then becomes simply [DRUG] [DOSAGE FORM].
Thus, capsules, tablets, and lozenges are administered via the oral route unless otherwise
indicated by the title.
Examples:
Acetaminophen Capsules
Aminophylline Delayed-Release Tablets
Aspirin Extended-Release Tablets
Hexylresorcinol Lozenges
Meperidine Hydrochloride Tablets
Drugs that are injected may be administered via the intravenous, intramuscular, subcutaneous,
etc., route; the route being specified in the labeling rather than in the name.
Examples:
Aurothioglucose Injectable Suspension
Epinephrine Injection
Fluorouracil Injection
Hydrocortisone Acetate Injectable Suspension
Phytonadione Injectable Emulsion
Creams, ointments, lotions, and pastes are applied topically, unless otherwise indicated by the
name.
Examples:
Benzoyl Peroxide Lotion
Betamethasone Dipropionate Cream
Estradiol Vaginal Cream
Nystatin Ointment
Zinc Oxide Paste
The term “Suppositories” is used in the titles of preparations that are intended for rectal
administration.
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Example:
Aspirin Suppositories
The term “for” is included in names, as appropriate, of preparations for which a solid drug
substance must be dissolved or suspended in a suitable liquid to obtain a dosage form, and the
general form becomes [DRUG] for [ROUTE OF ADMINISTRATION] [DOSAGE FORM].
Examples:
Ampicillin for Oral Suspension
Epinephrine Bitartrate for Ophthalmic Solution
Nafcillin for Injection
Spectinomycin for Injectable Suspension
In some instances, the drug is supplied in one dosage form for the preparation of the intended
dosage form.
Examples:
Aspirin Effervescent Tablets for Oral Solution
Methadone Hydrochloride Tablets for Oral Suspension
Papain Tablets for Topical Solution
Systems are preparations of drugs in carrier devices that are applied topically or inserted into
body cavities, from which drugs are released gradually over extended times, after which the
carrier device is removed. The general form for a system is [DRUG] [ROUTE] [SYSTEM].
Examples:
Nicotine Transdermal System
Progesterone Intrauterine Contraceptive System
Some drugs are available as concentrated solutions that are not intended for direct
administration to humans or animals, but are to be diluted with suitable liquid vehicles to obtain
the intended preparation. The general form for these preparations, which are not dosage forms,
is [DRUG] [CONCENTRATE].
Examples:
Isosorbide Concentrate (used to prepare Isosorbide Oral Solution)
Glutaral Concentrate (used to prepare Glutaral Disinfectant Solution)
For products intended for parenteral administration, the use of the word “Concentrate” in the
monograph title is restricted to one specific monograph, Potassium Chloride for Injection
Concentrate. The word “Concentrate” should not appear in the monograph title for any other
parenteral product; rather, this issue is to be addressed in the product labeling.
Some drugs are supplied as preparations that may be intermediates used for convenience in
formulating finished dosage forms. The general form for such preparations, which are not
finished dosage forms, is [DRUG] [PREPARATION].
Examples:
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Vitamin E Preparation
Cranberry Liquid Preparation
MONOGRAPH NAMING POLICY FOR SALT DRUG SUBSTANCES IN DRUG PRODUCTS AND
COMPOUNDED PREPARATIONS
The titles of USP monographs for drug products and compounded preparations formulated with
a salt of an acid or base use the name of the active moiety, as defined below. The strength of
the product or preparation also is expressed in terms of the active moiety.
An active moiety is the molecule or ion, excluding those appended portions of the molecule that
cause the drug to be an ester, salt (including a salt with hydrogen or coordination bonds), or
other noncovalent derivative (such as a complex, chelate, or clathrate) of the molecule,
responsible for the physiological or pharmacological action of the drug substance, without
regard to the actual charged state of the molecule in-vivo.
For example, the active moiety of a hydrochloride salt of a base will be the free base and not
the protonated form of the base. The active moiety of a metal acid salt will be the free acid.
i. Example: Chelocardin Hydrochloride active moiety is Chelocardin

ii. Example: Alendronate Sodium active moiety is Alendronic Acid

This Policy is followed by USP in naming drug products and compounded preparations that are
newly recognized in the USP. Revising existing monographs to conform to this Policy is not
intended, except where the USP Council of Experts determines that, for reasons such as
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safety, a nomenclature change is warranted.
Related Issues
Labeling—The labeling clearly states the specific salt form of the active moiety that is present
in the product/preparation, as this information may be useful to practitioners and patients. The
names and strengths of both the active moiety and specific salt form (where applicable) are
provided in the labeling.
Exceptions—In those rare cases in which the use of the specific salt form of the active moiety
in the title provides vital information from a clinical perspective, an exception to this Policy may
be considered. In such cases, where the monograph title contains the specific salt form of the
active moiety, the strength of the product or preparation also is expressed in terms of the
specific salt form.
POLICY FOR POSTPONEMENT SCHEDULES
It is the practice of USP to postpone the official dates of nomenclature and labeling revisions
for a reasonable time primarily to allow for product label changes to be made and to allow
health practitioners and consumers time to become familiar with the new terminology. A
postponement period of 18 months is usually applied when only one or a small number of
products is affected. A postponement period of 30 months is usually applied when names or
labeling of multisource products or multiproduct lines of a firm's preparations are being changed.
A postponement period of 60 months is usually applied for title and labeling changes that affect
excipients, because such changes would require relabeling of very large numbers of
prescription-only and OTC preparations.
There may be exceptions to this postponement schedule where a shorter time is needed in
order to specify nomenclature and labeling changes in cases where public health and safety are
a concern.
The assignment of a postponement schedule is handled by the USP Expert Committee on
Nomenclature. The postponement schedules are presented below. USP's implementation of a
postponement schedule is automatic, unless an exception is sought. Exceptions to the
postponement schedule are rarely made, and must have suitable justification as well as the
approval of the Expert Committee on Nomenclature. Any questions or concerns regarding this
postponement schedule may be addressed to the USP staff liaison assigned to the Expert
Committee on Nomenclature.
18 months—Schedule for title and labeling changes for a drug product. One or few companies
are involved. Example: Sterile [Drug] change to [Drug] for Injection.
30 months—Schedule for title and labeling changes for prescription-only and OTC products.
1. Extensive product line for a company. Examples: syrups and elixirs.
2. Several companies are involved. Examples: syrups and elixirs; lotions; sunscreens.

60 months—Schedule for title and labeling changes for excipient monographs. Ingredient
names in numerous multisource products are affected.
Introduction
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The USP (or NF) titles for monograph articles are legally recognized under the Federal Food,
Drug, and Cosmetic Act as the designations for use in labeling the articles to which they apply.
The value of designating each drug substance by one and only one nonproprietary1 name is
important in terms of achieving simplicity and uniformity in drug nomenclature. In support of the
U.S. Adopted Names program (see Mission and Preface in USP–NF), of which the U.S.
Pharmacopeial Convention is a co-sponsor, the USP Council of Experts gives consideration to
the adoption of the U.S. Adopted Name, if any, as the official title for any compound that
attains compendial recognition.
A compilation of the U.S. Adopted Names (USAN) published from the start of the USAN program
in 1961, as well as other names for drugs, both current and retrospective, is provided in the
USP Dictionary of USAN and International Drug Names. This publication serves as a book of
names useful for identifying and distinguishing all kinds of names for drug substances, whether
public, proprietary, chemical, or code-designated names.2
A nonproprietary name of a drug serves numerous and varied purposes. Its principal function is
to identify the substance to which it applies by means of a designation that may be used by
the professional and lay public free from the restrictions associated with registered trademarks.
Teaching in the health sciences requires a common designation, especially for a drug that is
available from several sources or is incorporated into a combination drug product;
nonproprietary names facilitate communication among healthcare providers; nonproprietary
names must be used as the titles of the articles recognized by official drug compendia; a
nonproprietary name is essential to the pharmaceutical manufacturer as a means of protecting
trademark rights in the brand name for the article concerned; and, finally, the manufacturer is
obligated by federal law to include the established nonproprietary name in advertising and
labeling.
Under the terms of the Drug Amendments of 1962 to the Federal Food, Drug, and Cosmetic Act,
which became law October 10, 1962, the Secretary of Health and Human Services is authorized
to designate an official name for any drug wherever deemed “necessary or desirable in the
interest of usefulness and simplicity.”3
The Commissioner of Food and Drugs and the Secretary of Health and Human Services
published in the Federal Register regulations effective November 26, 1984, which state, in part:
"Sec. 299.4 Established names of drugs."
"(e) The Food and Drug Administration will not routinely designate official names under section
508 of the act. As a result, the established name under section 502(e) of the act will
ordinarily be either the compendial name of the drug or, if there is no compendial name, the
common and usual name of the drug. Interested persons, in the absence of the designation
by the Food and Drug Administration of an official name, may rely on as the established name
for any drug the current compendial name or the USAN adopted name listed in USAN and the
USP Dictionary of Drug Names."4
It will be noted that the monographs on the biologics, which are produced under licenses
issued by the Secretary of the U.S. Department of Health and Human Services, represent a
special case. Although efforts continue toward achieving uniformity, there may be a
difference between the respective title required by federal law and the USP title. Such
differences are fewer than in past revisions of the Pharmacopeia. The USP title, where
different from the FDA Center for Biologics Evaluation and Research title, does not necessarily
constitute a synonym for labeling purposes; the conditions of licensing the biologic concerned
require that each such article be designated by the name appearing in the product license
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issued to the manufacturer. Where a USP title differs from the title in the federal regulations,
the former has been adopted with a view to usefulness, simplicity, and conformity with the
principles governing the selection of monograph titles generally.
MONOGRAPH NAMING POLICY FOR SALT DRUG SUBSTANCES IN DRUG PRODUCTS AND
COMPOUNDED PREPARATIONS
The titles of USP monographs for drug products and compounded preparations formulated with a
salt of an acid or base use the name of the active moiety, as defined below. The strength of
the product or preparation is also expressed in terms of the active moiety.
An active moiety is the molecule or ion, excluding those appended portions of the molecule that
cause the drug to be a salt (including a salt with hydrogen or coordination bonds), or other
noncovalent derivative (such as a complex, chelate, or clathrate) of the molecule. The active
moiety is responsible for the physiological or pharmacological action of the drug substance,
without regard to the actual charged state of the molecule in vivo. For example, the active
moiety of a hydrochloride salt of a base is the free base and not the protonated form of the
base. The active moiety of a metal salt of an acid is the free acid.
This Policy is followed by USP in naming drug products and compounded preparations that are
newly recognized in the USP. Revising existing monographs to conform to this Policy is not
intended, except where the USP Council of Experts determines that, for reasons such as
safety, a nomenclature change is warranted.
Labeling: The labeling clearly states the specific salt form of the active moiety that is present
in the product or preparation because this information may be useful to practitioners and
patients. The names and strengths of both the active moiety and specific salt form (when
applicable) are provided in the labeling.
Exceptions: In rare cases in which the use of the specific salt form of the active moiety in the
title provides vital information from a clinical perspective, an exception to this policy may be
considered. In such cases, when the monograph title contains the specific salt form of the
active moiety, the strength of the product or preparation also is expressed in terms of the
specific salt form.
GENERAL NOMENCLATURE FORMS
List of the specific drug products with extensive examples can be found in the USP
Nomenclature Guidelines (www.usp.org). USP also developed some general practices for drug
product nomenclature:
The [ROUTE OF ADMINISTRATION] is omitted for those dosage forms for which the
route of administration is understood. The general form then becomes simply [DRUG]
[DOSAGE FORM].
Thus, oral will not be included as the route of administration for orally
administered capsules, tablets, and lozenges.
The route of administrations is omitted for topically applied products - creams,
ointments, lotions, and pastes. However, if some other route of administration is
intended (e.g. ophthalmic), it will be included in the monograph title.
In some instances, the drug is supplied in one dosage form for the preparation of the
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intended dosage form. In such cases, the dosage form provided in the container is
named first and the word "for" appears, followed by the final dosage form that is
suitable for administration. The general format becomes [DRUG] [DOSAGE FORM] for
[ROUTE OF ADMINISTRATION] [DOSAGE FORM]., e.g. Aspirin Effervescent Tablets for
Oral Solution.
The term "for" is included in the names of solid preparations which must be dissolved or
suspended in a suitable liquid to obtain a dosage form suitable for administration, and
the general format becomes [DRUG] for [ROUTE OF ADMINISTRATION] [DOSAGE FORM].
e.g. Ampicillin for Oral Suspension, Cytarabine for Injection.
The term "Vaginal Inserts", rather than "Vaginal Tablets", "Vaginal Capsules", or "Vaginal
Suppositories" is used in the title of this type of vaginal preparation to decrease the
potential for misadministration of these products.
The term "Suppositories" is used in the titles of solid preparations that are intended for
rectal administration.
Solutions administered by injection are officially titled Injections (see 1 Injections).
The route of administration is omitted for drugs that are injected, because the route
(e.g. intravenous, intramuscular, subcutaneous, etc.) must appear on the labels and in
the labeling. USP defines seven types of injections:
1. [DRUG] Injection—Liquid preparations that are drug substances or solutions
thereof.
2. [DRUG] for Injection—Dry solids that, upon the addition of suitable vehicles,
yield solutions conforming in all respects to the requirements for Injections.
3. [DRUG] Injectable Emulsion—Liquid preparations of drug substances dissolved or
dispersed in a suitable emulsion medium.
4. [DRUG] Injectable Suspension—Liquid preparations of solids suspended in a
suitable liquid medium.
5. [DRUG] for Injectable Suspension—Dry solids that, upon the addition of suitable
vehicles, yield preparations conforming in all respects to the requirements for
Injectable Suspensions.
6. [DRUG] Extended-Release Injectable Suspension—Liquid preparations of solids
suspended in a suitable liquid medium and formulated in a manner that allows the
contained API to be available over an extended period of time.
7. [DRUG] for Extended-Release Injectable Suspension—Dry solids that, upon the
addition of suitable vehicles, yield preparations conforming in all respects to the
requirements for Extended-Release Injectable Suspensions.
Injections intended to be administered through an intravenous secondary line ("piggyback")
formulated in vehicles other than Water for Injection shall be named [DRUG] in [VEHICLE].
Examples of Vehicle formats which currently appear in USP monograph titles are:
1.
2.
3.
4.

[DRUG]
[DRUG]
[DRUG]
[DRUG]

in Dextrose Injection
in Dextrose and Sodium Chloride Injection
in Lactated Ringer's and Dextrose Injection
in Sodium Chloride Injection

POLICY FOR IMPLEMENTATION OF NOMENCLATURE REVISIONS
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It is the practice of USP to set the official dates of nomenclature revisions (change of the
established name or nomenclature aspects of the labeling sections in the monographs) to allow
a reasonable time for product label changes to be made and to allow health practitioners and
consumers time to become familiar with the new terminology. The assignment of an
implementation schedule is handled by the USP Expert Committee. USP's implementation
schedule, shown below, is automatic, unless an exception is sought.
18 months—Implementation period of 18 months is usually applied when only one or a small
number of products is affected.
30 months—Implementation period of 30 months is usually applied when names or labeling of
multisource products or multiproduct lines of a firm's preparations are being changed.
60 months—Implementation period of 60 months is usually applied for title and labeling
changes that affect excipients, because such changes would require relabeling of very large
numbers of prescription-only and OTC preparations.
There may be exceptions to this schedule where a shorter time is needed in order to specify
nomenclature and labeling changes in cases where public health and safety are a concern.
Extensions to the implementation schedule are rarely made, and must have suitable justification
as well as the approval of the USP Expert Committee. Any questions or concerns regarding this
postponement schedule may be addressed to the USP staff liaison assigned to the Expert
Committee. USP37
1 The term “generic” has been widely used in place of the more accurate and descriptive term
“nonproprietary” with reference to drug nomenclature.
2 USP Dictionary of USAN and International Drug Names is obtainable on order from U.S. Pharmacopeia,
C ustomer Service Department, 12601 Twinbrook Parkway, Rockville, MD 20852.
3 F.D.&C . Act, Sec. 508 [358].
4 53 Fed. Reg. 5369 (1988) amending 21 C FR § 299.4.

BRIEFING
1197 Good Distribution Practices for Bulk Pharmaceutical Excipients, PF 37(6)
[Nov.–Dec. 2011]. It is proposed to revise the chapter to incorporate comments submitted by
FDA and to make changes to the appropriate chapter sections to reduce the information that
may overlap with that in general chapters Good Manufacturing Practices for Bulk
Pharmaceutical Excipients

1078

and Good Storage and Distribution Practices for Drug

Products 1079 and/or to provide additional level of clarification. The 1197 Expert Panel
on Good Distribution Practices for Bulk Pharmaceutical Excipients, formed at the request of the
Excipients Expert Committee, reviewed the FDA comments and proposed the following changes:
1.

Section 1.2 Scope. The last sentence of the section should read “This chapter
covers all materials designated as, or intended for use as pharmaceutical excipients,
beginning with the point in the manufacturing process at which the final excipient is
designated for pharmaceutical use.”
2.
Section 1.4 Pharmaceutical-Grade Excipients. The first and second sentences of the
third paragraph should read “When USP- or NF-grade excipients are unavailable,
manufacturers should first explore the use of materials which claim to comply with other
pharmacopeias (e.g. EP, JP). If unavailable, pharmaceutical manufacturers should then
consider appropriate alternatives (e.g. food grade ingredients), provided such materials
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4.
5.

6.

7.

8.

9.
10.
11.

12.
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are suitable for the intended use. If a pharmacopeial grade is not used, a written
justification should be available.”
Section 1.5 Authenticity of Data. The second sentence of the first paragraph should
read “Thus, an important consideration in the purchase and supply of a pharmaceutical
excipient is confirmation that the material is what it purports to be, that it meets
specifications, that it was manufactured under applicable GMPs, that it has not been
tampered with in any way before arriving at the site of intended use, that the
appearance of the containers and other attributes of the shipment are comparable to
those of previously received shipments of the same excipient and grade from the same
supplier, and that it is fit for its intended use.”
Section 2.1 Quality Management. The first sentence of the second paragraph should
read “Excipient manufacturers and suppliers should prepare a Quality Manual.”
Subsection 2.3.4 Control of Records. Change the title of the subsection to Control of
Records and Data. In the subsection refer to “records and data“ instead of “records“
throughout the text.
Subsection 4.1.1 General. The first sentence of the second paragraph should read
“Before returning the goods, if the user identifies and confirms unacceptable product
quality the user should provide the supplier with the user's supporting documentation,
such as tests and investigation results.” The last sentence on the second paragraph
was deleted.
Subsection 4.1.2 Disposition of Returned Goods. The first sentence of the subsection
should read “The excipient manufacturer’s and/or supplier’s quality unit should assess
returned product.”
Subsection 4.1.3 Reprocessing. The whole paragraph is deleted with the exception of
references to Good Manufacturing Practices for Bulk Pharmaceutical Excipients 1078
.
Section 4.6 Adulteration and Economically Motivated Adulteration. The title of the
section should be changed to Adulteration.
Subsection 4.6.1 Adulteration. A reference TO 21 CFR 111 for dietary supplements
was added to the first sentence. The third sentence was deleted.
Subsection 4.6.2 Economically Motivated Adulteration. The subsection title should be
changed to Intentional Adulteration. The subsection was rewritten to replace the term
“economically motivated adulteration” with the term “intentional adulteration”.
Section 5 Excipients Used in Pharmacy Compounding. The first sentence should read
“Although analytical testing of incoming components by the compounding pharmacy to
confirm quality attributes stated in the COAs is ideal, generally because of resource
limitations, compounding pharmacists rely upon the distributors of excipients for
assurance of quality and pedigree. Additional guidance on the quality attributes of
excipients received by compounding pharmacies can be found in USP general chapter

Pharmaceutical Compounding — Nonsterile Preparations 795 .”
13.
Appendix. The definition for Adulterated Material changed from “A material that either
has been contaminated with a foreign material or has not been manufactured using
GMP. This does not pertain to a material that simply does not meet physical or chemical
specifications” to “A material that fails to conform to its purported quality standard or is
intentionally contaminated, diluted or substituted for another substance or which was
not manufactured, processed, packaged, distributed and held in conformance with
current good manufacturing practice”.
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Interested parties are encouraged to comment on this proposal. Please submit comments to
G. Holloway at gvh@usp.org.
(GCPA: G. Holloway.)
Correspondence Number—C119899

Comment deadline: January 31, 2013
Add the following:
1197

GOOD DISTRIBUTION PRACTICES FOR BULK PHARMACEUTICAL EXCIPIENTS

Change to read:
SECTION 1. INTRODUCTION AND SCOPE
1.1 Introduction
Excipients are used in virtually all drug products and are essential to product performance and
quality. Typically, excipients are manufactured and supplied so that they comply with
compendial standards. The pharmaceutical excipient supply chain participants include
manufacturers, distributors, brokers, suppliers, traders, transporters, forwarding agents, and
repackagers. The quality of pharmaceutical excipients is affected by inadequate control of
activities including distribution, packaging, repackaging, labeling, and storage. Improper or
inadequately controlled trade and distribution practices can pose a significant risk to the quality
of pharmaceutical excipients and can increase the risk of contamination, cross-contamination,
adulteration, mix-ups, degradation, or changes in physical or chemical properties. To maintain
the original and intended quality, all participants in the excipient supply chain should carry out
their activities according to appropriate standards for good trade and distribution practices as
discussed in this chapter.
Note—The Appendix consists of definitions and acronyms.
1.2 Scope
This general information chapter provides recommendations for those activities and practices
that ensure good trade and distribution practices for pharmaceutical excipients in order to
ensure their intended quality. These activities and practices include quality management,
organization, documentation, premises, storage, equipment, stability, prevention of
adulteration, importation, packaging, repackaging, labeling, dispatch, transport, returned goods,
and compounding practices. In addition, personnel, authenticity of data, expiration dating,
retesting, complaints and recalls, handling of nonconforming materials, internal/external/thirdparty audits, quality agreements, shelf life, traceability, economically motivated adulteration,
and conformance to compendial monographs are included. The procedures outlined here are
applicable to all persons and manufacturers involved in the handling of pharmaceutical
excipients and apply to every step in the supply chain. This chapter covers all materials
designated as, or intended for use as pharmaceutical excipients, beginning with the point
in the manufacturing process USP37
at which the starting material
final excipient USP37
is designated for pharmaceutical use.
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1.3 General Considerations
Manufacturers, distributors, users, regulators, and consumers expect pharmaceutical excipients
to be manufactured, packed, stored, and transported in a manner that does not compromise
their suitability for use in medicinal products for human or veterinary use. Because they are
components of drug products, excipients are drugs within the meaning of the U.S. Federal
Food, Drug, and Cosmetic Act (FD&C Act), and thus the U.S. Food and Drug Administration
(FDA) definition of adulteration applies when an excipient is not fit for its intended use.
Excipients are a diverse group of materials. They can be of animal, mineral, synthetic, or
vegetable origin, and they include materials that are solids, liquids, or gases. Excipients can be
packed and transported in container sizes ranging from a few grams to a railroad tank car.
Because of their diverse nature and the number of ways in which excipients can be transported
from the manufacturing site through the supply chain to the ultimate site of use, this general
information chapter cannot provide exhaustive detail for specific materials and modes of
transport. Rather, this chapter provides general guidance about what is expected of those
people and organizations involved in the supply and distribution of pharmaceutical excipients
intended for use in the manufacture of pharmaceutical finished products. Hence, there are
instances when USP–NF chapters Good Manufacturing Practices for Bulk Pharmaceutical
Excipients

1078 , Bulk Pharmaceutical Excipients—Certificate of Analysis

1080 , and

Significant Change Guide for Bulk Pharmaceutical Excipients 1195 provide a more detailed
guide about what is expected in these specific areas.
Excipients also are used in a variety of industries. Although most drug substances typically are
made exclusively for use in pharmaceutical finished products, the pharmaceutical use of an
excipient may be only a small fraction of the total use of the material across all industries. This
complicates the regulation of both the manufacture and the supply of pharmaceutical
excipients. Excipients often are manufactured outside the United States, which further
complicates the regulation of the manufacture and the supply of pharmaceutical excipients.
Thus, all stages in the supply chain for the pharmaceutical excipient require transparency and
proper flow of the necessary information regarding the excipient shipment. In addition, to
ensure compliance with this chapter, suppliers of pharmaceutical excipients must follow all
applicable national, regional, and local laws and regulations.
1.4 Pharmaceutical-Grade Excipients
Pharmaceutical excipients must be prepared according to the recognized principles of good
manufacturing practices (GMPs) using ingredients that comply with specifications designed to
ensure that the resulting substances meet the requirements of the compendial monograph (see
General Notices 3.10 and chapter Good Manufacturing Practices for Bulk Pharmaceutical
Excipients 1078 ).
USP or NF standards apply to any excipient marketed in the United States that is recognized in
the compendium and is intended or labeled for use as an ingredient in a pharmaceutical
product. The applicable standard applies to such articles whether or not the added designation
“USP” or “NF” is used (see General Notices 3.10.10). An ingredient may include the designation
“USP” or “NF” in conjunction with its official title or elsewhere on the label only when a
monograph is provided in the compendium and the article complies with the monograph
standards and other applicable standards in the compendium including, but not limited to, the
principles of GMP manufacture (see General Notices 3.20).

PF 38(6): Nov.-Dec. 2012

137

When USP- or NF-grade excipients are unavailable, manufacturers may consider one of the
following if its intended use can be adequately justified: referencing other national
pharmacopeias for pharmaceutical quality materials (e.g., EP, JP), or the use of food-grade
materials that meet USP–NF specifications.
should first explore the use of materials which claim to comply with other pharmacopeias (e.g.
EP, JP). If unavailable, pharmaceutical manufacturers should then consider appropriate
alternatives (e.g. food-grade ingredients), provided such materials are suitable for the intended
use. If a pharmacopeial grade is not used, a written justification should be available. USP37
The pharmaceutical manufacturer/user is responsible for the development and confirmation of
suitable quality tests, procedures, and attributes to ensure that the material is appropriate for
its intended use and that manufacturing is carried out under GMPs or a quality management
system that demonstrates the same level of assurance of quality as that provided in USP (see
1078 ). It is an unacceptable practice to upgrade technical- or industrial-grade material to
pharmaceutical-grade quality based only on analytical results that show compliance with the
requirements of a pharmacopeial monograph.
1.5 Authenticity of Data
In the United States, the responsibility for the quality of the components of a finished
pharmaceutical product lies with the organization that guarantees the quality of the finished
pharmaceutical product. Thus, an important consideration in the purchase and supply of a
pharmaceutical excipient is confirmation that the material is what it purports to be, that it
meets specifications, that it was manufactured under applicable GMPs, that it has not been
tampered with in any way before arriving at the site of intended use,
that the appearance of the containers and other attributes of the shipment are comparable to
those of previously received shipments of the same excipient and grade from the same supplier,
USP37

and that it is fit for its intended use. Certain paperwork should accompany all shipments of
pharmaceutical excipients. This paperwork should include a bona fide and legible copy of a
Certificate of Analysis (COA) (see Bulk Pharmaceutical Excipients—Certificate of Analysis
1080 ).
When they receive a COA, manufacturers should take appropriate steps to verify the
authenticity of the COA and the data contained therein. This has become particularly important
in recent years because of instances of adulteration of excipients intended for use in the
manufacture of pharmaceutical products. Steps to verify the authenticity of the COA should be
taken at all stages in the supply chain.
Data on the COA can be verified in a number of ways, but the excipient user is responsible for
confirming that the data are authentic by means of periodic verification of compliance with
established specifications as stated in 21 Code of Federal Regulations Part 211 (21 CFR 211;
see Current Good Manufacturing Practice For Finished Pharmaceuticals,
http://www.accessdata.fda.gov/scripts/cdrh/cfdocs/cfcfr/CFRSearch.cfm?CFRPart=211,
http://www.fda.gov/downloads/AboutFDA/CentersOffices/CDER/UCM095852.txt). In addition,
other documents such as dispatch notes from previous stages in the supply chain can provide
further evidence of the pedigree of the excipient shipment. Such documents are termed
“pedigree documents”.1
This chapter may present additional challenges for certain excipient users, e.g., compounding
pharmacies. However, those who compound still are obliged to take all reasonable steps to
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verify that excipients they receive are fit for their intended use. Part of this verification can
include an examination of pedigree documents and a signed certificate of conformance (COC)
from the suppliers. Information contained in the USP–NF monograph's labeling requirements,
FDA's Inactive Ingredient Database, and the CFR provide specific information about the
excipient's permitted use in FDA-approved
regulated USP37
products. All purchasers of pharmaceutical excipients should establish written procedures for
the verification of data and verification that the excipient is fit for its intended purpose.
Change to read:
SECTION 2: QUALITY, ORGANIZATION, AND DOCUMENTATION
2.1 Quality Management
A Quality Management System (QMS) is a tool by which all parties involved in the excipient
supply chain maintain the quality of the excipient. A documented quality policy is the
cornerstone of the QMS and formally describes the company's overall philosophy with regard to
quality as authorized by top or senior management. Additionally, an appropriate QMS should
include:
An organizational structure capable of supporting the elements of the quality policy
Documented procedures and relevant records that demonstrate that a product will meet
established quality criteria. This is commonly known as quality assurance (QA)
Established procedures for approving suppliers of starting materials and verifying that
they continue to meet agreed-upon requirements
A material-release testing procedure to confirm the quality of excipients for their
intended purpose(s)
Excipient USP37
manufacturers
and suppliers USP37
should prepare a Quality Manual. The Quality Manual describes the elements of the QMS and
includes the quality organizational structure, written policies, procedures, and processes or
references to them, and a description of departmental functions as they relate to the policies,
procedures, and processes (see Section 2.3 Documentation Requirements). In implementing
the QMS, companies must ensure that adequate qualified personnel are available to carry out
the actions called for in the QMS and must avoid giving any one individual such extensive
responsibilities that quality could be at risk.
COC to quality systems such as applicable International Organization for Standardization (ISO)
guides or hazard analysis and critical control point (HACCP) analyses are not mandatory but
provide assurance that products are produced and handled appropriately. However,
certification to these quality systems should not be viewed as a substitute for the information
contained in this chapter. In addition, internal audits should be conducted at regular intervals
to confirm compliance with GMP (as applicable) and good distribution practices (GDP), and
manufacturers should seek opportunities for improvement (see Section 2.7 Audits: Internal,
External, and Third-Party).
All parties involved in the excipient supply chain share responsibility for the quality and safety
of pharmaceutical excipients. These responsibilities should be delineated in a quality agreement
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between parties in the supply chain (see Section 2.9 Quality Agreements). All parties and their
activities in the supply chain should be documented, and records should be maintained
according to written procedures that ensure the traceability of all products acquired and
distributed. All members of the supply chain have an obligation to protect excipients in their
custody from deliberate economically motivated adulteration or deliberate introduction of
foreign materials that could compromise the quality or performance of the excipient or
adversely affect human or animal health.
2.2 Organization and Personnel
The organizational structure should be adequate and sufficiently staffed, and workers should be
appropriately authorized for the activities they conduct. An organizational chart should
delineate the responsibilities and interrelationships of personnel. Management ultimately is
responsible for implementation of GDPs and ongoing verification that the QMS is maintaining the
intended excipient quality.
Individuals within the company should have clearly defined responsibilities that are documented
in writing. All individuals should understand their responsibilities and should be suitably qualified
to perform their assigned duties. Their qualifications should be assessed for adequacy for their
responsibilities and should be documented. Qualifications can include a combination of formal
education, training, and experience. This also extends to any contracted service providers.
Procedures should be in place to ensure that permanent, temporary, and contract employees
minimize the possibility that unauthorized individuals will handle products.
An employee at each supply chain site should be designated and given the authority and
responsibility for the implementation and maintenance of the QMS. The designated employee
should have sufficient authority, qualifications, and resources to perform this function, as well
as to identify and correct deviations from the QMS. Management and other personnel must not
be subject to conflicts of interest or other pressures that could have an adverse effect on their
ability to perform their duties related to product quality.
Staff should be aware of the principles of GDP included in this chapter and should receive
regular, ongoing training relevant to their responsibilities and to general quality principles. All
training should be conducted according to a written training plan, and records of this training
should be maintained. Personnel who have special duties such as handling hazardous materials
or supervising activities required by local legislation may require additional training, including
specific hazard management. Effectiveness of training should be verified regularly.
Personnel working with open product must understand and maintain good hygiene, health, and
sanitation practices. Staff should use appropriate, nonshedding, protective apparel that will
protect the product from the sampler as well as the sampler from the hazards of the product.
Established procedures should eliminate the potential for product contamination by personal
items such as jewelry, food, drink, or tobacco products. Written procedures that address
hygiene, health, sanitation, and protective apparel should be in place.
Each supply channel party should have in place disciplinary procedures to address situations
when personnel involved in the handling of products are suspected of or are implicated in
inappropriate or illegal activities.
Some quality-related duties may be contracted to third parties, persons, or entities outside of
the direct employ of the supplier. The delegation of these activities should be documented in a
quality agreement or contract with the third party, and the organization should confirm
compliance with the principles of GDP by conducting periodic on-site audits of these third
parties. Delegation to a third party does not remove the organization's overall responsibilities

PF 38(6): Nov.-Dec. 2012

140

for these activities.
2.3 Documentation Requirements
2.3.1 GENERAL
Organizations should have a system in place to control documents and data that relate to the
requirements of the QMS.
2.3.2 QUALITY MANUAL
Organizations should also maintain a quality manual that describes the QMS, the quality policy,
and the company's commitment to applying the appropriate GDP and quality management
standards contained in this chapter. This manual should include the scope of the QMS,
reference(s) to supporting procedures, and a description of the interaction between quality
management processes.
2.3.3 DOCUMENT CONTROL
Procedures for the identification, collection, indexing, filing, storage, withdrawal, archiving,
maintenance, and disposition of controlled documents, including documents of external origin
that are part of the QMS, should be established and maintained. Procedures used for the
handling and distribution of excipients should be documented, implemented, and maintained. In
addition, organizations should establish formal controls relating to procedure approval, revision,
and distribution. These controls should provide assurance that the current version of a
procedure is used throughout the operational areas and that previous revisions of documents
have been removed or withdrawn.
Designated qualified personnel should review documents and subsequent changes to the
documents before the latter are issued to the appropriate areas. Documents that influence
product quality should be reviewed and approved by the quality unit. Controlled documents may
include a unique identifier, date of issue, and revision number to facilitate identification of the
most recent document. The department with the responsibility for issuing the documents should
be identified. The reasons for changes and the implementation date should be documented.
Electronic documentation should meet the requirements stated above for the document control
system. If electronic signatures are used, they should be controlled to provide security
equivalent to that given by a hand-written signature. Electronic documents and signatures also
may need to satisfy local regulatory requirements.
2.3.4 CONTROL OF RECORDS
AND DATA USP37
Procedures for the identification, collection, indexing, filing, storage, maintenance, and
disposition of records
and data USP37
should be established and maintained. Records
and data USP37
should be maintained to demonstrate achievement of the required quality and the effective
operation of the QMS. Records
and data USP37
should be legible and clearly linked with the product or process involved. Pertinent third-party
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quality data should also be an element of these records.
Entries in records
and data USP37
should be clear and indelible and should be made directly after the person performs the activity,
and then should be signed and dated by the person who made the entry. Corrections to entries
should be signed and dated, leaving the original entry legible and with an explanation for the
change, especially if this may not be obvious to subsequent reviewers.
Records
and data USP37
should be kept for a defined period that is appropriate for the excipient, its use, and its retest
or re-evaluation date. Records
and data USP37
should be stored and maintained in such a manner that they are readily retrievable and in
facilities that provide a suitable environment to minimize deterioration or damage. Electronic
records and automated data-capture systems should meet the requirements for controlled
records
and data USP37
as stated above.
2.3.5 CHANGE CONTROL
Procedures to evaluate and approve all changes, including evaluating the impact of the change
on the quality of the excipient, should be established and maintained, for example, changes to
the following:
Authorized excipient manufacturer or packaging material supplier
Manufacturing or packaging sites
Excipient or packaging material specifications
Test methods and laboratory
Repackaging, labeling, and storage equipment
Analytical equipment
Repackaging, labeling, and storage processes
Process and equipment changes at the original excipient manufacturer's site (see
Significant Change Guide for Bulk Pharmaceutical Excipients

1195 )

An independent QA group should have the responsibility and authority for the final approval of
any changes. The QA group may be part of another operational unit such as regulatory affairs
or research and development.
Customers and, if applicable, regulatory authorities (e.g., those responsible for drug master files
or certificates of suitability to the European Pharmacopoeia) should be notified of significant
changes to established production and process control procedures that could affect excipient
quality. The original manufacturer and downstream intermediaries (distributors and traders)
should have excipient change control agreements in place defining the extent of notification by
the original manufacturer in case of a change as described above. Each of the handling parties
within the supply chain should have change control agreements to ensure that changes from
the original excipient manufacturer are communicated to the end user. This change control
agreement is part of the overall contractual agreements between the parties.
2.4 Complaints and Deviations
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Customer complaints and information about possible defects should be systematically
documented and investigated based on a written procedure with assigned responsibilities that
describes the action that will be taken and includes the criteria on which a decision to recall a
product should be based. Investigations should be formally conducted and written up in a
timely manner to establish if the complaint is justified, to identify the origin or reason for the
complaint (e.g., the repackaging procedure, the original manufacturing process, etc.), to
identify root cause(s), to define any initial and follow-up action(s), and the method of
communication (e.g., to the customer, original excipient manufacturer, authorities, etc.).
Complaint records should be retained and regularly evaluated for trends, frequency, and
criticality in order to identify possibly needed corrective or preventive actions.
Investigations should identify whether the reported defect is limited to a single batch of
material or if other batches must be investigated. If additional batches are implicated, they
should be identified and labeled accordingly (e.g., “under quarantine”). As necessary,
appropriate follow-up action, possibly including a recall (as outlined in Section 2.5 Recalls),
should be taken after investigation and evaluation of the complaint. Confirmed serious problems
related to product quality (e.g., faulty manufacturing, packaging, or product deterioration)
should be communicated upstream to the manufacturer and downstream to customer(s) in case
they received material with the same batch number. A similar process should be implemented
for the handling of deviations and product defects not identified by a customer complaint.
2.5 Recalls
Those involved in the excipient supply chain should have a system for recalling promptly and
effectively any materials known or suspected to be defective. Entities involved in the supply
chain should implement written procedures to manage excipient recall (retrieval) in a timely
manner. The procedures should:
Describe how the process of recall (retrieval) should be managed based on the risk
involved
Describe a decision-making process with defined responsibilities
Define the functions involved in the process (e.g., QA, sales, logistics, senior
management, competent authorities, etc.)
Define the communication process and documentation to parties within the supply
channel as well as to regulatory authorities
Define the steps needed to retrieve the material
If the original excipient manufacturer does not initiate a recall, it should be informed of the
recall. Entities in the supply chain should have written procedures for the organization of any
recall activity, and these should be regularly checked and updated. All recalled materials should
be stored in a secure, segregated (quarantined) area while their disposition is decided. In the
event of serious or potentially life-threatening situations, all customers and competent
authorities in all countries to which an excipient potentially was distributed should be promptly
informed of any intention to recall the excipient. All records should be readily available to the
designated person(s) responsible for recalls. These records should contain sufficient information
about materials supplied to customers (including exported materials). At regular intervals, QA
groups in supply-chain organizations should evaluate the effectiveness of recall arrangements.
2.6 Handling of Nonconforming Materials
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Nonconforming materials should be handled in accordance with a procedure that will prevent
their inadvertent introduction or reintroduction into the market. They should be stored
separately, either physically separated or under electronic control, to prevent their inadvertent
introduction into commerce. Firms that conduct recalls should maintain records covering all
activities, including destruction, disposal, return, and reclassification, and should perform an
investigation to establish whether any other batches also are affected. They should document
the investigation and actions taken to prevent recurrence of the problem. As necessary, firms
should take corrective measures. Procedures should exist for the evaluation and subsequent
disposition of nonconforming products, and the disposition of the material, including
downgrading to other suitable purposes, should be documented. Nonconforming materials should
never be blended with materials that comply with specifications.
2.7 Audits: Internal, External, and Third-Party
To verify compliance with the principles of GDP for pharmaceutical excipients, firms in the
excipient supply chain should perform regularly scheduled internal audits in accordance with
approved procedures. Firms should document audit findings and corrective actions and ensure
that they are brought to the attention of responsible management. Accepted corrective
actions should be completed in a timely and effective manner and should be conducted by
designated, qualified individuals. Qualified individuals may be employees of the company, but
they must be sufficiently removed from the function under audit so that their independence is
not compromised.
Firms should perform external audits in accordance with approved procedures and schedules to
assess the capability of suppliers to meet requirements for a product or service, as specified. A
response to a questionnaire may be considered in the auditing process but generally does not
take the place of on-site inspections and should not be considered a substitute when an audit
is required. Independent auditing organizations can perform third-party audits to determine the
level of compliance or conformance to specified standards and regulations (e.g., GMP, GDP, and
ISO).
2.8 Contract Activities
Any GDP-related activity that is delegated to another party should be agreed upon in writing in
an approved contract with clearly defined responsibilities. The contract should clearly establish
which party is responsible for each applicable quality activity. Before entering into an
agreement, the contract giver should evaluate the proposed contract acceptor's compliance
with GDP as described in this general chapter. The evaluation should include an initial on-site
audit of the contract acceptor's premises and quality system, giving special consideration to
the prevention of cross-contamination and maintaining traceability. The contract should also
include the responsibilities of the contract giver for measures to avoid the entrance of
counterfeit or adulterated materials into the distribution chain.
There should be no gaps or unexplained lapses in the application of GDP. The contract acceptor
should conduct periodic on-site auditing of contracted distribution activities with regard to the
application of GDP by the contract giver. Subcontracting may be permissible under certain
conditions, subject to approval by the original contract giver, especially for activities such as
sampling, analysis, repacking, and labeling. If subcontracting occurs, the subcontractor should
conform to the same GDP standards as the primary contract giver. The subcontractor should
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also permit an on-site audit by the contract acceptor's quality unit or its designee.2,3
2.9 Quality Agreements
Quality agreements are legally binding and are mutually negotiated between parties involved in
the supply chain for pharmaceutical excipients. The quality agreement identifies who is
responsible for certain quality activities and how quality issues will be resolved between the
parties. Although they are intended to address the parties' quality commitments, quality
agreements are not designed to take the place of an audit.
Suppliers should have in place quality agreements between themselves and the parties with
whom they do business. Original excipient manufacturers should have quality agreements in
place with their direct customers and authorized distributors of their products. Distributors
should also have agreements with end users and other parties in the supply chain to whom
they supply products. All entities in the supply chain should fully understand which entity is
responsible for the GDP-related activities (as outlined in this chapter) at each step in the
supply chain.
Quality agreements should address the quality system requirements, but they are not intended
to list every element of the quality system. It is not necessary to reiterate agreement on every
point of the quality system when the parties state general agreement on the applicable quality
standard. Quality responsibilities included in a quality agreement should be those that may
require action by one or both parties to the agreement.
A key element that must be defined in the quality agreement is the communication pathways
and timing for quality events. Parties must be clear about their responsibility for notifying the
next party in the supply channel and for notifying the applicable regulatory authorities in the
case of a significant quality event. Many times a decision about who should notify the
regulatory authority is a collaborative effort between the parties. Depending on the issue's
impact, the timing of these notifications relative to the time of the incident should be specified
within the quality agreement.
Both parties to the agreement are responsible for ensuring that the quality agreement is
maintained as an accurate document throughout the life of the business relationship. Revisions
to this document may be needed as regulatory requirements change, new products are
supplied, or a new material risk arises. The parties should maintain a history of the revisions to
the quality agreement.
SECTION 3: PREMISES, STORAGE, REPACKAGING, AND STABILITY
3.1 Buildings and Facilities
Organizations should establish operating procedures for the use of buildings and facilities,
including the areas discussed below, and firms should consider protective measures to ensure
the security of the grounds (e.g., fencing or perimeter walls).
The buildings and facilities used in the storage and handling of excipients should restrict access
to allow entrance only by authorized persons to areas used for manufacture, packaging, and
holding. Organizations should take precautions to prevent unauthorized persons from entering
limited-access areas. When the status of excipients requires protection from use (e.g.,
quarantine), organizations must have clearly marked limited-access controls in place, or they
should use validated computerized systems to prevent material distribution before approved

PF 38(6): Nov.-Dec. 2012

145

release.
Buildings should be of adequate size and capacity to allow the orderly flow of materials, proper
storage and handling of materials, and appropriately controlled environmental conditions for the
final dispatch of excipients into and out of the premises. Buildings should be maintained in a
good state of repair. The construction materials must be easily cleanable and maintained, and
buildings and facilities should be designed to prevent cross-contamination, product mix-ups, or
the accumulation of filth or contaminating materials, particularly when excipients are exposed
to the environment. Adequate storage space must be available for excipients that are highly
sensitizing or toxic, and dedicated facilities may be necessary. Adequate procedures should be
in place to ensure the cleaning, maintenance, and use of buildings and facilities.
Receiving and dispatch bays should be designed to protect the facilities and excipients during
loading and unloading during adverse weather conditions. Incoming bay areas should be
designed and equipped to allow containers to be cleaned before storage. A pest-control system
should be in place to ensure that materials are protected from infestation by insects, rodents,
animals, birds, or other vermin. There should be written procedures defining the adequate
holding and storage of excipients, including pest-control processes. The pest-control materials
must be safe and must be known not to cause contamination. Approved pesticides,
insecticides, and rodenticides should be used and documented. Excipients that may contain
contamination must be controlled to prevent cross-contamination in holding areas or the spread
of contamination to other areas of the facility.
3.2 Warehousing and Storage
Written procedures should describe the receipt, storage, dispatch, and other handling of
excipients, as well as the security measures necessary to prevent theft of materials or the
introduction of counterfeit or adulterated materials into the supply chain. Buildings should be
adequately lighted and should have proper utilities for the intended activities. They should be
dry and controlled to appropriate environmental conditions. Buildings and facilities should store
excipients in the proper environmental conditions. Temperature-controlled and -monitored
storage should be available as required for any building used for holding excipients.
Warehousing and storage conditions for excipients should comply with the monograph
specifications, as reflected in the excipient's container label. When specific storage conditions
are required for excipients (e.g., temperature and humidity control), they should be provided in
a controlled manner, monitored (e.g., by an alarm system or manual control), and recorded.
Any automated system(s) used to monitor the environmental conditions for areas where
excipients are handled or stored must be validated. An approved document should indicate the
location of each environmental monitoring device and the condition(s) it monitors. The locations
for these devices or probes should reflect the extreme environmental conditions of the space
as determined by an environmental mapping exercise. Excipients that present risks such as fire
or explosion should be stored in safe, dedicated areas. Excipients that are sensitizing or toxic
should be adequately and appropriately segregated, and warehouse and storage areas should
be routinely cleaned, appropriately maintained, and free of pests.
Excipients should be stored in a manner that permits cleaning of the storage area and
movement of materials. Pallets used to hold materials should not cause contamination, and
required pallet quality and construction materials should be defined in writing. Pallets should be
clean and in a good state of repair, and firms should appropriately track supplies to ensure
adequate treatment of the wood materials. Wood pallets, if used, should comply with import
requirements.
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Organizations should have in place written procedures to ensure that the excipient will be
supplied within its expiry or retest period and should have adequate controls to prevent the
distribution of expired excipients. If no expiry date is applicable, the first-in-first-out principle
should be used. Rejected excipients and other materials related to excipient quality (e.g.,
packaging components) should be so labeled or identified, and controls such as physical or
electronic separation should prevent their use pending final disposition. During the warehousing
or storage of excipients, any known broken or damaged containers should be withdrawn from
usable stock, and the containers should be handled as rejected materials.
Materials quarantined pending a release decision should be labeled or identified (e.g.,
electronically) to prevent unauthorized use. These materials should be held from use, and
written procedures should guide final disposition. There should be written procedures for the
cleanup of any spillage to ensure complete removal of any risk of contamination.
3.2.1 ENVIRONMENTAL CONTROLS
When excipients require specific storage conditions to preserve their integrity and quality during
the retest/re-evaluation or expiry interval, the storage conditions required should be stated on
the label, labeling, or other literature, e.g., the Excipient Information Package4 or COA.
Distributors should follow the information and requirements for environmental controls provided
by the manufacturer and should provide appropriate controls and monitoring to ensure
adherence to the stated storage conditions with appropriate documentation. Distributors should
also maintain records to indicate the excipient was stored according to the manufacturer's
recommendations and should conduct regular assessments to confirm that designated
conditions are met.
If the manufacturer does not indicate specific storage conditions, the distributor should ensure
that proper storage conditions are maintained to protect the packaging and labeling.
Uncontrolled warehousing conditions vary with geographical location, particularly with latitude.
If the excipient is shipped to geographical locations that have storage conditions well outside
the conditions used in the manufacturer's stability study or justification for the absence of
special storage conditions, then additional studies may be required to show stability at the new
conditions. A warehouse-monitoring program should be established if the effects of the new
environmental conditions are not known.
Outdoor storage of excipients (for example, bulk materials, flammable materials, acids, or other
corrosive substances) is acceptable provided the containers give suitable protection against
deterioration or contamination of their contents, identifying labels remain legible, discharge
ports have adequate protective closures, and the exteriors of moveable containers are
adequately cleaned before opening and use.
3.3 Equipment
Equipment used in bulk transport, repackaging, labeling, testing, or storage of the excipient
should be maintained in a good state of repair and should be of suitable size, construction, and
location to facilitate cleaning, maintenance, and correct operation. Equipment should be
verified before use to ensure that it is constructed, installed, and functioning as required for
the excipient. When equipment is located outdoors, there should be suitable controls (e.g.,
closed systems or protective encasements) to minimize environmental risks to excipient quality.
When possible, dedicated equipment (e.g., bulk trucks, packaging equipment, storage tanks,
pipework, hoses, and pumps) should be used in direct contact with the excipient. When
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nondedicated equipment is used in direct contact with the excipient, validated cleaning
procedures should be applied. A restricted prior-cargo list should be supplied to transport
companies in case nondedicated bulk transport equipment is used. Quality-critical measuring
equipment and balances for the handling and testing of the excipient should be of appropriate
range and precision. Such equipment should be identified.
3.3.1 EQUIPMENT CONSTRUCTION
Equipment in contact with an excipient should be constructed so that contact surfaces are not
reactive, additive, or absorptive and thus do not alter the quality of the excipient. Substances
required for operation, such as lubricants or coolants, preferably should not come into contact
with excipients and packaging materials. When contact is possible, distributors should use
materials of suitable quality that will not affect product quality. The choice of such materials
should be justified.
Equipment should be designed to minimize the possibility of contamination from the environment
and direct operator contact during activities such as unloading bulk trucks, use of transfer
hoses (particularly those used for transfer of excipients), sampling, repackaging, and cleaning.
Distributors should consider the sanitary design of equipment in contact with excipients. They
should assess the suitability and integrity of seals in order to minimize the risk of contamination.
Piping should be appropriately labeled to indicate the content and direction of flow.
3.3.2 EQUIPMENT MAINTENANCE
Documented procedures should be established and followed for maintenance of critical
equipment used in the repackaging, labeling, testing, or storage of the excipient. Distributors
should maintain records (e.g., logs, computer databases, or other appropriate documentation)
of quality-critical equipment use and maintenance. Defective equipment should be removed or
appropriately labeled to avoid misuse.
Quality-critical measuring equipment and balances should be controlled on a scheduled basis.
This control should include the following:
Calibration of instruments or other appropriate verification at suitable intervals,
according to an established documented program
Establishment of the equipment's limits of accuracy and precision
Provisions for remedial action in the event that accuracy or precision requirements are
not met
Calibration standards should be traceable to recognized national or compendial standards as
appropriate. Instruments and equipment that do not meet established specifications should not
be used, and an investigation should be conducted to determine the validity of the previous
results since the last successful calibration. The current calibration or verification status of
quality-critical equipment should be known to users and should be verifiable.
3.3.3 EQUIPMENT CLEANING
Cleaning equipment should be chosen and used so that it cannot be a source of contamination.
Cleaning materials should be appropriate for the task, and their selection should be justified.
Rotation of sanitizing and cleaning agents should be considered where appropriate. In order to
avoid contamination with cleaning products or products previously processed in the equipment,
written cleaning procedures should be established for equipment that comes in contact with

PF 38(6): Nov.-Dec. 2012

148

the excipient. Cleaning procedures should contain sufficient detail to allow cleaning in a
reproducible and effective manner. Cleaning and sanitation processes should be recorded, and
evidence of their effectiveness should be provided, for example, by the following:
Testing the final rinse after cleaning for residues of the previous product
Checking the equipment after cleaning for residues of the previous product
Testing each batch for residues of the previous product handled with the same
equipment.
3.4 Sampling, Repackaging, and Labeling
To minimize risks associated with repackaging and labeling, appropriate GMPs should be applied
(see Good Manufacturing Practices for Bulk Pharmaceutical Excipients 1078 ). For
completeness, certain key activities and the necessary precautions are discussed below.
3.4.1 BLENDING, REPACKAGING, AND LABELING
Operations such as combining sublots into a homogeneous batch, repackaging, or labeling are
manufacturing processes, and therefore distributors should follow appropriate GMPs (see

1078

):
Processes whereby the excipient's packaging is opened and the excipient is exposed to
the environment (for example, transferring excipient from one container to another,
including from bulk equipment to storage tanks/silos or from storage tanks/silos into
containers) are critical handling steps related to the integrity of the finished product. If
only the secondary packaging is modified, operators should take appropriate care to
maintain the integrity of the primary packaging and the excipient.
Excipients may degrade because of exposure to the repackaging atmosphere (e.g.,
oxygen, humidity, light, and temperature).
Excipients can be contaminated by foreign matter such as lubricants, cleaning materials,
or other substances.
Transparency to the customer that relabeling, with or without opening the original
excipient manufacturer's packaging, has occurred is critical to representation of the
product quality and suitability for use.
Transparency to the customer of data sources listed on certification documentation
(labeling) is critical to representation of the product quality and suitability for use.
3.4.2 REPACKAGING AND LABELING BATCHES
Staff in the excipient supply chain should give special attention to the following points:
All repackaging and labeling requirements should be defined in written procedures.
Contamination, cross-contamination, and mix-ups should be avoided by the use of
suitable equipment and cleaning procedures and with adequate labeling.
Environmental conditions and repackaging procedures should be designed to avoid
contamination and to maintain the integrity of the excipient during repackaging and
labeling.
Operators should consider the use of filtered air in the repackaging area if necessary for
the product. The standard of filtration should be justified.
Labels should be printed using a controlled process (see Section 3.4.9 Repackaging and
Labeling).
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Personnel involved in repackaging processes should wear clean protective apparel such
as head, face, hand, and arm coverings, as necessary, and should practice appropriate
personal hygiene (e.g., hand disinfection following health requirements, health
monitoring, and removal of jewelry). Personnel should be trained about special hygiene
requirements, and this training should be documented.
Repackaging areas should be cleaned and sanitized regularly.
Batch numbers should be assigned according to documented procedures. When staff assigns
new batch numbers, they should ensure traceability to original batch numbers by proper
documentation. Assigning one batch number to containers of different batches that comply
with the same specification is an unacceptable practice (see also Sections 3.4.3 Excipient
Batch Homogeneity and 3.4.4 Blended Excipients).
As part of the batch record, a copy of the information on the original labels should be
retained (e.g., a photocopy). A sample of the new label should also be kept.
All repackaging and labeling processes should be designed and carried out to avoid
commingling, contamination, and mix-up and to ensure full traceability of the excipients
back to the original excipient manufacturer and traceability downstream to the final
customer. Responsible personnel should sufficiently record every completed step, along
with the name of the operator and the date and time each step was completed, e.g., in
the master batch manufacturing record, or by means of computerized systems.
3.4.3 EXCIPIENT BATCH HOMOGENEITY
Mixing to form a homogeneous batch is a manufacturing step and should be defined in a written
procedure. A batch can be homogenous only when conforming materials are thoroughly mixed.
The conformity of each batch with its specification should be confirmed before it is added.
Mixing should always be controlled, and homogeneity should be verified and documented (see
Good Manufacturing Practices for Bulk Pharmaceutical Excipients 1078 ). Blending of batches
or lots of excipients that individually do not conform to specifications with other lots that do
conform (in an attempt to salvage or hide adulterated or expired material) is not an acceptable
practice. Only excipients from the same manufacturing site received by a distributor and shown
to conform to the same specifications can be mixed. The customer should be informed that the
material supplied is a mixture of the manufacturer's batches.
3.4.4. BLENDED EXCIPIENTS
The blending process should be verified to ensure that it does not influence the quality of the
excipient. The blended excipient should be tested to ensure conformance to the specification
and to provide data for the COA (see Significant Change Guide for Bulk Pharmaceutical
Excipients 1195 ). Under certain circumstances and with appropriate controls, a COC can be
used if the basis for the claim of conformity is traceable within the document. The blended
batch referred to in the new certification document should be traceable to all the original
certification documents and batch numbers (see

1078 ).

3.4.5 CERTIFICATES OF ANALYSIS
The original excipient manufacturer's COA should be retained and made available to the user on
request. The batch referred to in the COA delivered to the end user should be traceable to the
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original excipient manufacturer's COA. Quality documents accompanying deliveries should be
subject to an agreement between the distributor and the final customer. For retesting,
analytical methods of the original excipient manufacturer or pharmacopeial methods should be
applied. When other methods are applied, these should be agreed upon by both parties.
3.4.6 CONTAINER–CLOSURE SYSTEMS
For repackaged material, the repackager is responsible for justifying the shelf life and
repackaging conditions. The original manufacturer and the distributer should share information
and agree about repackaging conditions and primary packaging materials. They should establish
primary container–closure system material and packaging configuration specifications, and they
should develop a written procedure that clearly defines packaging for each individual excipient
based on its stability.
If the same types of primary container–closure system and packaging configuration are used for
repackaging, then the new container–closure system and packaging configuration should be
equivalent to that used by the original excipient manufacturer. The repackager and distributor
should consider exposure of the excipient to the repackaging environment, and both can rely on
the manufacturer's stability evaluation and thus assign the same shelf life for the excipient.
When the repackager's primary container–closure system's packaging configuration differs
significantly from that of the original manufacturer (e.g., in terms of desiccants, permeability of
the protective barrier layer, which may be either the primary or secondary container–closure
system, or the headspace), the repackager must demonstrate that the new system is
adequate to protect the excipient from contamination and deterioration for the shelf life (retest
or expiration period) defined by the excipient manufacturer. Otherwise, the shelf life defined by
the manufacturer cannot be transferred to the repackaged material. The need for stability
studies should be confirmed (see Sections 3.4.14 Stability and Expiration Dates and 3.5
Retesting and Shelf Life).
The container–closure system for the pharmaceutical excipient should protect the material from
the time of packaging until its final use by the drug product manufacturer. The container–
closure system should be designed to help prevent theft or adulteration by counterfeiting.
Storage and handling procedures should protect containers and closures and minimize the risk
of contamination, damage or deterioration, and mix-ups (e.g., between containers that have
different specifications but are similar in appearance).
3.4.7 RETURNED AND REUSED CONTAINERS
Returned containers may have unknown residues from uses other than the intended one.
Therefore, use of new containers is recommended for excipients. If containers are reused, a
rationale for the extent of cleaning should be justified and documented for specific excipients
and different types of containers. Repackagers should collect evidence that the quality of the
material packed is not adversely affected by reuse of containers.
Distributors and customers should have an agreement defining the specific conditions for reuse
(e.g., handling, sealing, and cleaning). If returnable excipient containers are reused, all previous
labeling should be removed or obliterated.
3.4.8 ENVIRONMENTAL CONTROLS
Environmental controls should ensure that temperature, humidity, and cleanliness of air and
equipment are appropriate to avoid any contamination to or deterioration of the excipient. The
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necessary environmental conditions for the repackaging of each excipient should be defined.
Environmental control is a specialist subject, and experts should be consulted (see also Section
2.6 Handling of Nonconforming Materials).
3.4.9 REPACKAGING AND LABELING
Repackagers should implement procedures to ensure that the correct quantity of labels is
printed and issued and that labels contain the necessary information. Sufficient crosschecks
should be in place to ensure proper data transfer. Procedures should be in place to avoid
mislabeling, and printing and use of labels should be restricted. All labeling operations (e.g.,
generating, printing, storage, use, and destruction) should be recorded. Labeled containers
should be inspected, and surplus labels should be destroyed to avoid any misuse. If labels are
not printed immediately before each specific labeling operation, the security of the label stock
should be controlled, and access limitations should be defined. Repackaging and labeling
facilities should be inspected immediately before use to ensure that all materials that are not
required for the next repackaging operation have been removed.
3.4.10 REPACKAGED EXCIPIENTS—ACCOMPANYING DOCUMENTATION
Deliveries of repackaged excipients should be accompanied by information about the original
manufacturing site (name and address) and repackaging and labeling sites. This information
should be provided in the supplier certification documentation (e.g., COAs) or by other means
(see Section 4.8 Traceability). The supplier should provide this information to the customer via
official communications.
3.4.11 TESTING OF REPACKAGED EXCIPIENTS
Appropriate testing of repackaged excipients should be performed to demonstrate consistent
excipient quality. Testing to the complete monograph may not be necessary, but the recipient
should test defined key quality parameters that could be affected by the repackaging process.
Recipients should consider the manufacturer's recommendations for key quality parameters, and
until these tests have been performed the repackaged materials should be kept under
quarantine and should be identified as quarantined material. The materials should comply with
the defined specifications before they are released for distribution.
Excipient testing and release should be performed under the responsibility of the quality unit
and should conform to written specifications and analytical test requirements. Repackagers
should ensure that test data are recorded and that results are evaluated before release of the
repackaged or transferred excipient.
The excipient cannot be upgraded as a result of any repackaging process. It is unacceptable to
upgrade nonpharmaceutical grades to pharmaceutical grades on the basis of conforming
analytical results, i.e., by testing to pharmacopeial standards. Pharmaceutical grades can be
achieved only when the excipient is originally produced and subsequently processed in
accordance with GMPs (see Good Manufacturing Practices for Bulk Pharmaceutical Excipients
1078 ).
3.4.12 OFFICIAL PHARMACOPEIAL METHODS FOR RETESTING
For control of key parameters during repackaging or full retesting of excipients, official
pharmacopeial methods or methods validated against the pharmacopeial methods should be
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used. Otherwise, repackagers should use the original excipient manufacturer's analytical
methods. The methods used should be listed on the COA accompanying the excipient or should
be made available to the customer by other documents. These documents should also
reference any contract laboratory that is used to perform analyses. The COA should clearly
identify which tests have not been performed on the repackaged or transferred batch but have
been taken from the original manufacturer's COA.
3.4.13 SAMPLING
Excipient sampling must be done in a manner that prevents contamination, and dedicated
sampling areas with adequate environmental controls are necessary. Areas for sampling should
be designed to allow cleaning of the outside of the container before the container is opened.
Adequate cleaning procedures should be in place for the sampling areas. Sampling tools should
be dedicated to the sampling area and also to the specific material, or sampling tool cleaning
must be validated to ensure no cross-contamination from the tool.
Any container opened for sampling should be marked with the date and name of the person who
performs this operation. The amount of sample removed should be recorded.
If excipients are repackaged, processed, or packaged from bulk, retained samples
representative of the excipient batch should be kept for at least one year after the expiration
or re-evaluation date or for at least one year after distribution is complete, whichever is longer.
The minimum sample size should be based on the amount required to perform at least two
complete analyses. Sample storage conditions should prevent any contamination or
deterioration and should comply with the label storage conditions (see general information
chapter, Bulk Powder Sampling Procedures

1097 ).

3.4.14 STABILITY AND EXPIRATION DATES
Excipient stability and expiration dating of excipients are primarily the responsibility of the
original manufacturer. Whenever the original manufacturer's packaging is opened, the repacker
is responsible for providing evidence that the excipient manufacturer's stability and expiration
dating are still applicable.
If a distributor transfers an excipient to another container or repackages it, stability and shelf
life (retest or expiry period) should be taken into account. The type of container, primary
packaging materials, barrier packaging materials, packaging configuration, environmental
exposure during repackaging, and storage conditions at the repackaging site should also be
taken into account when the shelf life (retest or expiry period) is defined. The recommended
expiration date provided by the original excipient manufacturer should not be extended without
demonstrating sufficient stability to justify extended shelf life (retest or expiry period). If shelf
life is extended beyond the original manufacturer's recommendation, the type of packaging,
storage conditions, and stability-indicating analytical data should be clearly defined, and the
repacker assumes the primary responsibility for the extension.
If special storage conditions (e.g., inert gas overlay, protection from light, heat, moisture, etc.)
are needed, the restrictions should be indicated on the new labeling (see Section 3.5 Retesting
and Shelf Life).
3.5 Retesting and Shelf Life
The organization's stated shelf life or retest/re-evaluation interval should be maintained for the
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excipient. Expiration or shelf life dates indicate the period beyond which the excipient should
not be used or distributed. Retest/re-evaluation intervals indicate the period beyond which the
excipient must be evaluated to determine continuing acceptability for use. The expiration/shelf
life date provided by the original excipient manufacturer should not be extended without
documentation from the manufacturer demonstrating sufficient stability to justify an extended
shelf life. Such documentation should specify the type of container and storage conditions
necessary to make this claim, and the distributor should have documentation that the excipient
was stored in the stated container and under the necessary conditions.
Excipients without expiration, retest, re-evaluation, or shelf life dates should be accepted for
use only if the manufacturing date can be confirmed and only if the excipient has been held and
shipped under conditions that conform to the appropriate standards of GMP or GDP. Distribution
of the excipient beyond the retest/re-evaluation period should be done only in consultation
with the manufacturer and with the consent of the purchaser or recipient. If the distributor has
the capabilities for sampling and performing the manufacturer's specified evaluation, then the
distributor can perform the assessment. Sampled lots should be placed under quarantine to
prevent shipping during the evaluation.
Distributors who do have capabilities for sampling according to the manufacturer's instructions
but do not have testing or evaluation capabilities should send the samples to the manufacturer
or a qualified third-party laboratory for retesting/re-evaluation. Excipient lots that conform to
the manufacturer's criteria can be released from quarantine, and the distributor's supporting
evaluation data should accompany the original excipient manufacturer's data to indicate the
excipient's acceptability for use. If the distributor does not have the capability to sample or
evaluate the excipient, it should not be shipped to customers beyond the end of the retest/reevaluation interval. The excipient or a representative sample of the excipient can be returned
to the manufacturer or a third party for retesting/re-evaluation. The excipient can be held by
the distributor pending further results obtained from the representative sample.
If an excipient is transferred to another container or is repackaged by the distributor, the latter
must conduct an assessment of the stability of the excipient to determine if the original
excipient manufacturer's information can be carried forward. If the distributor uses the same
type of packaging material that provides the same packaged environment (headspace, surface
area, closure tightness, etc.) as that used by the original manufacturer and if the transfer or
repackaging is performed in a manner that protects the excipient from adverse environmental
effects that could affect the stability, then the original excipient manufacturer's shelf life/expiry
date or retest/re-evaluation interval can be carried forward. If primary packaging material or
barrier packaging material differs from the original excipient manufacturer's primary packaging
material or if the packaged environment varies significantly, then an evaluation of the container
and its closure system should demonstrate that it is adequate to protect the excipient from
deterioration and contamination during the manufacturer's shelf life/expiry date or retest/reevaluation interval. Otherwise, a stability assessment is necessary to determine the appropriate
shelf life/expiry date or retest/re-evaluation interval for the repackaged excipient. Such
assessments should be conducted according to the manufacturer's specifications and test
methods.
3.6 Expiration Dates
Not all excipients have an expiration date, but if one is assigned it should be displayed on the
container and should show the period during which the excipient is expected to remain within
specifications if stored properly and after which it should not be used. It is established for
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every batch by adding the shelf life to the date manufacturing began. The expiration date is
based on the type of container and storage conditions, so these parameters should be clearly
defined. If special storage conditions are needed (e.g., protection from light, oxygen, heat,
humidity, etc.), they should be indicated on the labeling because they could influence usability
through the expiration date.5
The expiration dates for excipients should be established by documented stability tests or longterm stability data (see Pharmaceutical Stability 1150 ). Occasionally, the expiration date
may be established by reference to historical data. Stability involves not only the compendial
requirements but also changes in performance properties. Excipient stability tests should
determine whether possible degradation, changes in molecular weight and distribution, moisture
gain or loss, viscosity changes, microbiological contamination, or other possible changes in
excipients could occur when the excipient is stored in a specific container–closure type at
specific storage conditions. Stability for repackaged excipients can be found under Section 3.5.
Retesting and Shelf Life.
3.7 Labels, Icons, and Labeling
3.7.1 LABELS AND ICONS
Label-generating systems and processes should be secure, controlled, and documented.
Appropriate verification records should be maintained, and each container should be
appropriately identified and labeled. Labels applied to individual small containers should be clear,
unambiguous, and permanently fixed in the company's established format. The information on
the label should be indelible. Alternative methods can be used for bulk containers/transport and
should be justified.
The label may include wording or depict icons to highlight storage and transportation handling
requirements and hazards (e.g., avoid dropping, maintain specified environmental conditions,
etc.). The use of symbols that are recognized by international organizations is recommended
(see Good Storage and Distribution Practices for Drug Products 1079 ). During international
distribution, the proper language(s) should be used to ensure that handlers understand the
requirements set forth on the label.
3.7.2 LABELING
The labeling (which includes both the label and any accompanying documents) should include
at least the following information:
Name of the excipient, including grade and reference to pharmacopeia, as relevant
If applicable, the International Nonproprietary Name
Amount (weight or volume)
Batch number assigned by the original excipient manufacturer or the batch number
assigned by the repacker if the material has been repacked and relabeled
Retest date or expiry date (as applicable)
Any specified storage conditions, as applicable
Handling precautions, where necessary
Identification of the original manufacturing site as agreed with the pharmaceutical
customer (see Section 4.8 Traceability)
Name and contact details of the suppliers
Change to read:
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SECTION 4: RETURNED GOODS, DISPATCH, TRANSPORT, IMPORTATION, ADULTERATION,
AND TRACEABILITY
4.1 Returned Goods
4.1.1 GENERAL
Return of goods by users to suppliers should be reviewed on a case-by-case basis. The
distributor should facilitate a root cause analysis and investigation of complaints.
Note—Users should document the reason(s) for return of goods to the supplier.
Before returning the goods, if the user identifies
and confirms USP37
unacceptable product quality, the user should provide the supplier with the user's supporting
documentation, such as tests and investigation results. If requested, the user should also
provide product samples used for tests and investigations. The supplier should be provided an
opportunity to conduct thorough investigations to confirm the validity of the user's quality
complaint. While the investigation proceeds, the user should quarantine the material in
accordance with internal standard operating procedures and should store the material in an
area specifically designated for returns, with limited access to operations, and well-separated
from incoming or released raw materials. The user should not reject the materials without
supplier confirmation of quality issues.
USP37

Goods returned by the user because of excess inventory or other causes unrelated to quality
can re-enter commerce within the specified shelf life, provided conditions of storage,
transportation, and container integrity have been thoroughly reviewed by the supplier and the
quality of the excipient has not been compromised in any way. A formal documented review of
each returned container and container tamper-evidence device should be done to verify that
these match the container configuration when the materials left the supplier's facility.
If the user opens a commercial packaging container for sampling or investigation (related or
unrelated to quality issues) and whether any material was taken out or not, each container
should be clearly labeled Opened. Written documentation should be provided to the supplier
confirming that the container(s) were opened and resealed according to GMPs and describing
the reasons for opening, amount withdrawn, and how the pack/container was resealed.
Documentation of returned goods should contain a detailed description of all such events
including repackaging. Returned excipient containers opened by the user should be clearly
identified as such and should not be released as pharmaceutical excipients. In exceptional
cases, the material can be released as excipient-grade product if a documented thorough
investigation shows no risk of product contamination or deterioration. The quality department
should release this material.
Users and suppliers should maintain records of all returned goods, including the product name
(trade name and chemical name), batch or lot number, reason for the return, quantity returned,
and investigation documentation when applicable. In addition, the supplier should record the
final disposition of the material. If returned excipients have been held, stored, or shipped under
conditions that could compromise product quality (including ingredients, containers, or labeling),
the manufacturer should destroy the excipients. Exceptionally, manufacturers can release the
excipients if their examination, testing, and investigations prove that the material meets
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suitable standards of identity, quality, and purity and that GMPs and GDPs have not been
compromised.
4.1.2 DISPOSITION OF RETURNED GOODS
The excipient manufacturer's
and/or supplier's USP37
quality unit should assess the returned product. The options are the following:
Return to commerce
Reprocess
Regrade to a less stringent standard such as technical or industrial grade (non-GMP
use)
Destroy
Only containers that have not been opened should be considered for return to commerce
without further action.
If the quality assessment of returned goods leads to their final destruction and if associated
batches are potentially implicated, an appropriate investigation should be conducted and
documented to show that the quality of the associated batches is not affected.
4.1.3 REPROCESSING
Returned goods may be reprocessed according to documented procedures approved in advance
by the quality unit. Written procedures should define conditions for holding, testing, and
acceptance of the material for reprocessing, as well as procedures for reprocessing, testing,
and release of reprocessed material. Reprocessed material should meet appropriate standards,
specifications, and characteristics and must be accompanied by a new COA that contains lot
number, test results, monograph compliance information, and new release and retest dates.
Manufacturers must clearly distinguish the reprocessed material in batch records that are
specific to the reprocessed batch, including a new batch or lot number and other appropriate
information. The reprocessing event need not be specified on the COA, but the original
excipient manufacturer is responsible for ensuring that the reprocessing is performed in
compliance with GMPs and that the material meets the established identity, quality, and purity
criteria before the material enters commerce. Documentation must establish that the
reprocessed material is at least as stable as the original material.
USP37

Reprocessing is a manufacturing step, and the requirements of Good Manufacturing Practices
for Bulk Pharmaceutical Excipients 1078 apply. The requirements of
those intermediate supply chain entities that undertake reprocessing.

1078

apply only to

4.2 Shipping and Transportation
4.2.1 SHIPPING
The supplier (the manufacturer or distributor) of pharmaceutical excipients should ensure that
the integrity of the pharmaceutical excipient is maintained by the appropriate storage and
transport conditions as described in product labeling. After training, staff should follow written
procedures for shipping pharmaceutical excipients. These procedures include the requirement to
follow the recommended storage and transportation requirements including temperature,
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humidity, or other special handling precautions.
Actions should be documented when they are performed. Shipping records for pharmaceutical
excipients should provide for the following information:
Date of shipment
Name and address of the entity that accepted the materials for the transportation
Mode of transportation
Name, address, and status of the consignee
Material name
Quantity shipped
Batch number and expiry date
Required storage and transport conditions (refrigeration, freezing, or controlled room
temperature required)
Shipping code or identification number of the delivery order
When regulatory actions such as FDA Field Alerts or drug product recalls occur, the excipient
handler must be prepared to act promptly. Shipping documentation must be sufficient to allow
adequate handling of any excipient associated with regulatory action. When reasonable, the
shipping schedule for excipients should be documented, and responsibilities can be enumerated
in a quality or collaborative agreement between entities to show ownership in the supply chain
(Entity A to Entity B; Entity B to Entity C; etc.—see Section 4.4 Packaging: Tamper-Evident
Seals). The buildings and facilities used to ship materials should be appropriate for their
intended use in the storage and handling of excipients (see Section 3.1 Buildings and Facilities).
Before loading materials, shippers should inspect the container and vehicle to ensure cleanliness
and other consignments (if the shipment is a part load) to ensure no form of contamination is
likely to occur. This inspection should be documented according to a written procedure.
Materials should not be offloaded into other containers or vehicles without the written
permission of the material owner or consignee.
4.2.2 TRANSPORTATION
Materials should be transported in a manner that will ensure the maintenance of controlled
conditions as specified by the manufacturer. The transport process should not adversely affect
the materials or integrity of the packaging. The supplier of transport services must be provided
with the required information in order to maintain specified conditions.
The pharmaceutical excipient manufacturer or supplier should agree with the purchaser for
arranging transportation. If temperature-controlled transportation is contracted, the shipper
must have a mechanism for noting and reporting temperature excursions. Labeling on containers
and transportation documents should detail the environmental conditions in a manner that
provides the transporter or receiver with knowledge and immediate identification of these
conditions, if required. The responsibility for ensuring that the proper storage conditions are
met rests with each entity that handles, stores, or transports the materials.
Pharmaceutical excipients should be stored and transported in such a way that the identity and
integrity of the material are retained, the material does not contaminate and is not
contaminated by other materials, and adequate precautions are taken against spillage,
breakage, misappropriation, and theft. The required storage conditions for pharmaceutical
excipients should be maintained within acceptable limits during transportation.
Excipients that are potentially dangerous because of the risk of fire or explosion (e.g.,
combustible liquids, solids, and pressurized gases) should be stored and transported in safe,
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dedicated, and secure areas, containers, and vehicles. In addition, applicable international
agreements and federal regulations should be followed.
4.3 Tampering or Damaged Materials
Materials that are suspected of being tampered with or damaged must be quarantined
immediately, and the manufacturer or distributor should be notified. The manufacturer or
supplier of excipients should ask the transporter to return the material to the site of shipment
origin if tampering or damage is suspected or confirmed. The supplier should make every effort
to prevent these materials from being used until an investigation is completed and the final
disposition of the material is determined. Written procedures should guide treatment of
excipients that have been tampered with or the identification and handling of damaged
material.
4.4 Packaging: Tamper-Evident Seals
A tamper-evident package has one or more indicators or barriers to entry that, if breached or
missing, can reasonably be expected to provide visible evidence that tampering has occurred.
To reduce the likelihood of successful tampering and to increase the likelihood that any breach
will be discovered, the package should be distinctive by design or should employ one or more
indicators of or barriers to entry. The term distinctive by design means that the packaging
cannot be duplicated with commonly available materials or by commonly available processes.
A tamper-evident package may involve an immediate container–closure system in direct
contact with the contents (primary packaging), a secondary container–closure system not in
direct contact with the contents (secondary packaging), or any combination of systems
intended to provide visual evidence of package integrity. For primary packaging in direct
contact with the excipient (e.g., paper bags), any leak or break should be considered
tampering even if the leak or tear is simply accidental damage.
Visual examination of the packaging at each stage in the supply chain should provide evidence
of repackaging or tampering with commercial packaging. In addition, the manufacturer's name
and address, net weight of the material, material name, batch or packaging number, date of
manufacture, and date of retest should be identified on a packaging label. The label should be
prominently placed on the package and should be unaffected if the tamper-evident feature of
the package is breached or missing.
The tamper-evident feature for excipient packaging should be designed so that it remains
intact when handled in a reasonable manner from the time of packaging at the site of
manufacture and throughout the supply chain—including but not limited to warehouse storage
during various phases of the supply chain, transport, distribution, receipt, and storage at the
user's facility until use for drug product manufacture.
The manufacturer should communicate tamper-evident features to the downstream members of
the supply chain. If the latter observe any evidence that the tamper-evident feature or other
part of the package has been compromised in any way, they should quarantine the material
immediately and inform the supplier. Appropriate arrangements should be made with the supplier
to return the material promptly with a description of the packaging breach. The user should
ensure adequate protection of the breached packaging during shipment to the supplier and can
send photographs of the breached packaging to aid the supplier's investigation.
The supplier is responsible for the integrity of packaging, including but not limited to its tamperevident features, until ownership of the commercial packages is transferred to the user.
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Material returned because of breach in packaging should be thoroughly reviewed and
investigated by the supplier. The material should not be returned to commerce until the supplier
has established that the integrity, identity, quality, purity, and safety of the excipient have not
been compromised. The documentation requirement should comply with GMP expectations as
well as elements of documentation and investigation suggested in Section 4.1 Returned Goods.
4.5 Where Ownership Begins
The excipient user is responsible for purchased materials throughout the supply chain. The
supply chain qualification is documented by audits and COAs for all parties involved in trade and
distribution of the materials. Such supply chain qualification and documentation supports the
Excipient Pedigree and ownership of the excipient. The pedigree includes documentation of
suitable excipient GMPs applied by the excipient manufacturer and suitable GDPs.
Ownership of the materials begins with the original excipient manufacturer and transfers to an
intermediary or customer according to agreed-upon terms for insurance costs, transportation,
and risk assumption. Such agreements are defined according to International Chamber of
Commerce terms (Incoterms).6 Incoterms are a series of international sales terms that are used
to divide transaction costs and responsibilities between buyer and seller and reflect state-ofthe-art transportation practices.
4.6 Adulteration and Economically Motivated Adulteration
USP37

4.6.1 ADULTERATION
Adulteration is defined in the FD&C Act and 21 CFR in Sections 501(a)(2)(B) and 501(b)7 and
21 CFR 211 for finished pharmaceuticals and Sections 402(a)(3) and (4)8 and 21 CFR 110 for
human food, respectively
and in 21 CFR 111 for dietary supplements. USP37
These laws and regulations establish the minimum current GMP (cGMP) necessary to prevent
adulteration for food products and
USP37

finished pharmaceuticals,
food products, and dietary supplements, USP36
respectively. Excipients are derived from many sources, so end users must establish raw
material specifications to ensure suitability for the safety and efficacy of the final product.
USP37

Excipients for pharmaceutical use must be manufactured under appropriate GMPs and must
meet the required chemical and physical specifications. In addition to specifications, excipient
manufacturers and users have generally agreed quality attributes and limits defined by
regulatory agencies, common industry practices, and pharmacopeial expectations. Adulteration
or contamination of the products can be monitored and detected by many means including, but
not limited to, compliance with these predefined quality expectations.
Adulteration
can USP37
occur when any possible contamination of a product takes place, e.g., from foreign materials or
undesirable microorganisms. The problem of adulteration can be addressed by standard
practices supporting cGMPs, such as HACCP, Standard Operating Procedures, and staff training
to control product safety and purity. This type of adulteration is the unforeseeable and

PF 38(6): Nov.-Dec. 2012

160

unintentional type that can be controlled and, at worst, detected before the product leaves
the manufacturer's site.
FDA specifies that a product can be considered adulterated when conditions may lead to
adulteration because it is impossible to test every product for every conceivable contaminant.
The safety and purity of substances require that manufacturers should build quality controls
into the process rather than relying on QC testing.
4.6.2 ECONOMICALLY MOTIVATED
INTENTIONAL USP37
ADULTERATION
Compared to simple
unintentional USP37
adulteration, economically motivated
intentional USP37
adulteration is a much more significant problem
specific USP37
because it requires a willful and knowing violation of regulations and standards designed to
protect end user safety. It is the deliberate adulteration of an excipient. for economic gain.
Economically motivated adulteration can occur when
When an excipient is deliberately adulterated by substituting USP37
a lower-cost material is substituted
USP37

for a material of higher cost,
it is considered economically motivated intentional adulteration. USP37
Every participant in the supply chain should take all reasonable precautions to prevent
economically motivated
know and monitor their supply chain for any adulterated materials and take all reasonable
precautions to prevent intentional USP37
adulteration.9
4.7 Importation
Excipients manufactured outside the United States are subject to US FDA and US Customs and
Border Protection (CBP) regulations for importation into the United States. The Bioterrorism Act
(Public Health Security and Bioterrorism Preparedness and Response Act of 2002, Title III—
Protecting Safety and Security of Food and Drug Supply)10 has further formalized the
requirements for importation of foods and drugs into the United States.
Overseas manufacturers of excipients used in drugs, food, and dietary supplements intended for
human or veterinary use who intend to export products into the United States are required to
follow the FDA, CBP, and Bioterrorism Act regulations. A streamlined process for the importation
of excipients used in pharmaceuticals, food, and dietary supplements must be followed and
implemented before the imports are allowed into the United States.
The manufacturing facilities and the manufacturers who produce the excipients should be
registered with FDA. An FDA registration number is required for importation. In addition, FDA
requires information about Prior Notice (PN) of Imports. Upon receipt of the information, FDA
grants a PN confirmation number. FDA must confirm PN before the products are shipped, and
the PN confirmation number must appear on the customs declaration that accompanies the
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package. PN information can be submitted electronically to FDA's Prior Notice Systems
Interface (PNSI), a free Internet application that allows facilities to provide information
regarding the expected imports. PN information also can be submitted via CBP's Automated
Commercial System (ACS), a system that processes imports and obtains information needed to
make decisions regarding articles entering the United States.
CBP processes imports of all goods for entry into the United States, including but not limited to
pharmaceuticals, food, and dietary supplements. CBP inspects but does not release products
regulated by the FD&C Act and delegates the final release responsibility at the port of entry to
the FDA for such materials. After reviewing the PN information, FDA may determine that the
regulated articles should not be allowed into the United States or may allow conditional import
of articles subject to testing and release at the port of entry. In addition, during FDA review at
the port the regulated articles must meet all requirements of the FD&C Act and 21 CFR before
they are released by FDA to the importer.
Importers of record (individuals or companies) for excipients can contract with a broker to
transmit PN information and other documents for them. In this case, the submitter is the person
responsible for providing the information, but the broker is the transmitter. Brokers are licensed
private individuals or companies regulated by CBP who aid importers and exporters in moving
merchandise through CBP. Brokers provide the proper paperwork and payments to CBP for
clients and charge a fee for this service. Before brokers apply for a license, they must pass the
customs broker examination.
FDA currently uses its Operational and Administrative System for Import Support (OASIS)11 for
making its admissibility determinations to ensure the safety, efficacy, and quality of the
foreign-origin products for which FDA has regulatory responsibility under the FD&C Act. OASIS
is integrated with CBP's ACS and FDA's PNSI systems to receive information related to imported
articles.
US Customs and FDA storage areas at the Port of Arrival may not strictly be in compliance with
storage conditions required for certain excipients. Importers of record and brokers who
represent importers must ensure that the products are released from Customs and FDA
inspection as soon as possible. If release is delayed, FDA generally allows removal by Customs
and FDA and quarantine in the importer's warehouse until release. FDA staff who review imports
at the port of entry are trained to understand that pharmaceutical excipients must be stored
under defined conditions. The manufacturer, the importer on record in the importing country,
and brokers have a responsibility in working with Customs and FDA staff to ensure that the
storage conditions do not adversely affect product quality during quarantine and review.
4.8 Traceability
4.8.1 TRACEABILITY
The pedigree of the excipient should be tracked from the manufacturer's storage through the
final delivery to customers by means of recorded identification. The entire supply chain should
provide full traceability (for example, via lot numbers and shipping documents) in order to allow
fast and efficient investigation of any quality issue or product recall. Every entity in the supply
chain should also take responsibility from the preceding supplier and pass the product to
subsequent intermediaries down to the end user. Therefore, the original excipient manufacturer
and subsequent handlers should always be traceable, and the information should be available
both downstream and upstream in the supply chain. All parties to the excipient supply chain
should ensure that the excipient is strictly handled according to GDP at every stage.
To ensure the integrity of the supply chain, intermediaries should use contracts, agreements,
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inspections, and audits downstream and upstream to monitor compliance with GDP principles.
When multiple entities constitute the supply chain for each single batch of excipient, each
entity should provide its own supplier's certification documentation (see Appendix: Definitions
and Acronyms) that represents their manufacture or receipt of the excipient batch through
release to the subsequent entity. The total of each entity's supplier certification
documentation should represent the entire supply chain from original excipient manufacture
through use in the final drug product.
4.8.2 TRACEABILITY-RELATED DOCUMENTS
To ensure traceability, all entities in the supply chain should have clear definitions about the
shipping documents to be expected with every delivery. At a minimum the documents for every
delivery should provide the following information:
Name and grade of the excipient
Lot number(s) assigned by the original excipient manufacturer (see Section 3.4.2
Repackaging and Labeling Batches)
Quality and compliance data (e.g., COA) of the excipient
Origin of the excipient (manufacturer and manufacturing site)
Original excipient COA(s) (see Section 3.4.5 Certificates of Analysis)
Entity and site of repackaging (when performed), including opening or relabeling the
original excipient manufacturer's packaging for any purpose
Date of shipment and carrier
Consignor and consignee
A copy of the COA should also accompany the shipment (see Significant Change Guide for Bulk
Pharmaceutical Excipients

1195

and Bulk Pharmaceutical Excipients—Certificate of Analysis

1080 ).
In the event of repackaging from the original excipient manufacturer's package into another
container (including any breach or labeling that does not result in a new package), the identity
and address of the repackaging entity should be included in the shipping documents.
Additional data resulting from analyses conducted by entities other than
the laboratory of USP37
the original excipient manufacturer should be provided, along with a clear indication of the
source. Quality documents should facilitate traceability back to the
original USP37
manufacturer with contact information. The COA issued by the manufacturer should indicate
which results were obtained by testing the original material and which results were obtained by
other means. A distributor should not change the original title and data of the COA or other
quality documents. Whenever possible, the original excipient manufacturer's documentation
should be used, or data transcription should be verified. The original manufacturing site should
be identified on the COA.
If any lot mixing is carried out, COAs from manufacturers are no longer valid, and the distributor
should perform analyses in its own laboratory or at an approved and qualified contract
laboratory. The distributor should supply a COC, and if the blended lot has not been retested,
the distributor should inform the customer that the material is a mixture of different original
excipient manufacturers' lots, provided that all other repackaging and storage activities are
carried out according to GDP.

PF 38(6): Nov.-Dec. 2012

163

Change to read:
SECTION 5: EXCIPIENTS USED IN PHARMACY COMPOUNDING
Pharmacy compounding is defined
Although analytical testing of incoming components by the compounding pharmacy to confirm
quality attributes stated in the COAs is ideal, generally because of resource limitations,
compounding pharmacists rely upon the distributors of excipients for assurance of quality and
pedigree. Additional guidance on the quality attributes of excipients received by compounding
pharmacies can be found USP37
in USP general chapter Pharmaceutical Compounding—Nonsterile Preparations 795 . In
certain instances USP–NF handles compounded preparations differently than commercially
manufactured lots. For example, expiration dates are assigned to commercially manufactured
products, and beyond-use dates are assigned to compounded preparations (see General
Notices 10.40.100.1 Compounded Preparations). A similar situation is needed for bulk
pharmaceutical excipients as not all excipients that are useful in compounding are listed in
official compendia (see Pharmaceutical Compounding—Nonsterile Preparations 795 ).
State boards of pharmacy regulate pharmacy compounding. USP standards are provided in
Pharmaceutical Compounding—Nonsterile Preparations
Sterile Preparations

795 , Pharmaceutical Compounding—

797 , and Quality Assurance in Pharmaceutical Compounding

1163 .

Change to read:
APPENDIX: DEFINITIONS AND ACRONYMS
Acceptance Criteria: The specifications and acceptance or rejection limits—such as
acceptable quality level or unacceptable quality level with an associated sampling plan—that
are necessary for making a decision to accept or reject a lot or batch of raw material,
intermediate, packaging material, or excipient.
ACS: Automated Commercial System.
Adulterated Material: A material that either has been contaminated with a foreign material or
has not been manufactured using GMP. This does not pertain to a material that simply does not
meet physical or chemical specifications.
A material that fails to conform to its purported quality standard or is intentionally
contaminated, diluted, or substituted for another substance or which was not manufactured,
processed, packaged, distributed and held in conformance with current good manufacturing
practice. USP37
Audit: An assessment of a system or process to determine its compliance with the
requirements of a particular standard of operation. See also External Audit, Internal Audit, and
Third-Party Audit.
Batch (Lot): A defined quantity of processed excipient which can be expected to be
homogeneous. In a continuous process, a batch corresponds to a defined portion of the
production based on time or quantity (e.g., vessel's volume, one day's production, etc.).
Batch Number (Lot Number): A unique and distinctive combination of numbers and/or letters
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from which the complete history of the manufacture, processing, packaging, coding, and
distribution of a batch can be determined.
Batch Process: A manufacturing process which produces the excipient from a discrete supply
of raw materials processed through discrete unit operations in one mass.
Batch Record: Documentation that provides a history of the manufacture of a batch of
excipient.
Blending (Mixing): Intermingling different conforming grades into a homogeneous lot.
Broker: An entity that acts as an intermediary between a buyer and a seller of products or
services. Brokers neither buy nor take possession of the products or services.
Calibration: The demonstration that a particular instrument or measuring device produces
results within specified limits by comparison with those produced by a reference or traceable
standard over an appropriate range of measurements.
CBP: Customs and Border Protection.
CEP (Certificate of Suitability to the European Pharmacopoeia): Certification granted to
individual manufacturers by the European Directorate for the Quality of Medicines when a
specific excipient or active ingredient is judged to be in conformity with a European
Pharmacopoeia monograph.
CFR: Code of Federal Regulations.
CFR (Cost and Freight, Named Destination): (Incoterm) Seller must pay the costs and
freight to bring the goods to the port of destination. However, risk is transferred to the buyer
once the goods have crossed the ship's rail (maritime transport only).
cGMP: Current good manufacturing practices.
CIF (Cost, Insurance, and Freight, Named Destination): (Incoterm) Same as CFR except
that the seller must, in addition, procure and pay for insurance for the buyer.
CIP (Carriage and Insurance Paid, Named Destination): (Incoterm) The containerized
transport or multimodal equivalent of CIF. Seller pays for carriage and insurance to the named
destination, but risk passes when the goods are handed over to the first carrier.
Closed-Container Distributor (Pass-Through Distributor): A distributor who sells only
products that are tested, packaged, and sealed in the containers provided by the original
manufacturer.
Closed System: A system that is isolated from its surroundings by a boundary so that no
material can be transferred across it.
COA (Certificate of Analysis): A document that reports the results of a test of a
representative sample drawn from the batch of material that will be delivered.
COC (Certificate of Conformance): A document that certifies that the supplied goods or
service meets the required specifications. Also known as Certificate of Conformity and
Certificate of Compliance.
Commissioning: The introduction of equipment for use in a controlled manner.
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Compounding: The preparation, mixing, assembling, altering, packaging, and labeling of a drug,
drug-delivery device, or device in accordance with a licensed practitioner's prescription,
medication order, or initiative based on the practitioner/patient/pharmacist/compounder
relationship in the course of professional practice (defined in USP general chapter
Pharmaceutical Compounding—Nonsterile Preparations

795 ).

Consignee/Consignor: Person or firm (usually the seller) who delivers a consignment to a
carrier for transportation to a consignee (usually the buyer) named in the transportation
documents.
Contamination: The undesired introduction of impurities of a chemical or microbiological nature
or foreign matter into or onto a raw material, intermediate, or excipient during production,
sampling, packaging or repackaging, storage, or transport.
Continuous Process: A manufacturing process that continually produces the excipient from a
continuous supply of raw material.
Contract Giver: A person or organization letting a contract.
Contract Acceptor: A person or organization accepting the terms of a contract and thereby
agreeing to carry out the work or provide the services as specified in the contract.
Critical: A process step, process condition, test requirement, or other relevant parameter or
item that must be controlled within predetermined criteria to ensure that the excipient meets
its specification.
Critical to Quality: See Quality, Critical.
Cross-Contamination: Contamination of a material or product with another material or
product.
Customer: The organization that receives the excipient once it has left the control of the
excipient manufacturer; includes brokers, agents, and users.
Deviation: Departure from an approved instruction or established standard.
Distributor: An entity that buys products from a manufacturer, takes possession of those
products, and resells them to another party or parties. An essential characteristic of a
distributor is the order of these transactions. Distributors buy products (i.e., hold inventory)
before making sales.
Drug Master File (DMF): Detailed information about the manufacture of an excipient that is
submitted to the US FDA.
Drug (Medicinal) Product: The dosage form in the final immediate packaging intended for
marketing.
Drug Substance: Any substance or mixture of substances that is intended for use in the
manufacture of a drug product and that, when used in the production of a drug, becomes an
active ingredient of the drug product. Such substances are intended to furnish pharmacological
activity or other direct effect in the diagnosis, cure, mitigation, treatment, or prevention of
disease, or to affect the structure or any function of the body of humans or animals.
Economically Motivated Adulteration: The fraudulent, intentional substitution or addition of
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a substance in a product for the purpose of increasing the apparent value of the product or
reducing the cost of its production for economic gain.
Electronic Signature: A computer data compilation of any symbol or series of symbols,
executed, adopted, or authorized by an individual and intended to be the legally binding
equivalent of the individual's handwritten signature.
Excipient: Any substance, other than the active pharmaceutical ingredient or drug product,
that has been appropriately evaluated for safety and is included in a drug delivery system to
aid the processing of the drug delivery system during manufacture; to protect, support, or
enhance stability, bioavailability, or patient acceptability; to assist in product identification; or
to enhance any other attribute of the overall safety and effectiveness of the drug delivery
system during storage or use.
Excipient Pedigree: Includes documentation of suitable excipient good manufacturing
practices applied by the excipient manufacturer and suitable good distribution practices. See
IPEC Excipient Pedigree White Paper.
External Audit: (See also Audit, Internal, and Third-Party Audit.) An audit carried out typically
on behalf of an excipient manufacturer's customer by a person or organization that is not the
manufacturer or the customer.
Expiry (Expiration) Date: The date designating the time during which the excipient is
expected to remain within specifications and after which it should not be used.
FCA (Free Carrier, Named Place): The seller hands over the goods, cleared for export, into
the custody of the first carrier (named by the buyer) at the named place. This term is suitable
for all modes of transport, including carriage by air, rail, road, and containerized/multimodal
transport (also called roll on–roll off).
FDA: Food and Drug Administration.
FD&C Act: Food, Drug, and Cosmetic Act.
FOB (Free on Board, Named Loading Port): The classic maritime trade term according to
which the seller must load the goods on board the ship nominated by the buyer, and cost and
risk are divided at ship's rail. The seller must clear the goods for export. The purchaser is then
responsible for all further costs associated with transport, importation, and storage until the
shipment reaches its destination. The term also is applied to air transport when the seller is not
able to export the goods according to the time schedule detailed in the letter of credit. In this
case the seller allows a deduction equivalent to the carriage by ship from the air carriage. FOB
also can be qualified in other ways. For example, FOB Factory Gate means that title and
responsibility change as soon as the shipment leaves the supplier's premises.
Forwarding Agents (Freight Forwarders): Agents who assist other organizations or
individuals in moving cargo to a destination and are familiar with the import and export rules and
regulations of their own and foreign countries, the methods of shipping, and the documents
related to foreign trade.
Freight Forwarder: See Forwarding Agent.
GDP: Good distribution practices.
GMP: Good manufacturing practices.
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Headspace: The volume left at the top of an almost-filled container before sealing.
HACCP (Hazard Analysis Critical Control Point): Hazard Analysis and Critical Control Points
has seven principles established by the National Advisory Committee for Microbiological Criteria
for Foods to control product safety.
Importer: Either the US owner or consignee at the time of entry into the United States or the
US agent or representative of the foreign owner or consignee at the time of entry into the
United States who is responsible for ensuring that goods offered for entry into the United
States are in compliance with all laws affecting the importation.
Impurity: A component of an excipient that is not the intended chemical entity or a
concomitant component but is present as a consequence of either the raw materials used or
the manufacturing process and is not a foreign substance.
Independent: In the context of internal audits, the quality of being free from any influence,
economic or otherwise, from the group, department, or organization under audit.
In-Process Control: Checks performed during production in order to monitor and if necessary
to adjust the process to ensure that the material conforms to its specifications. The control of
the environment or equipment also can be regarded as a part of in-process control.
In-Process Control/Testing: Checks performed during production to monitor and, if
appropriate, to adjust the process to ensure that the intermediate or excipient conforms to its
specification.
Intermediate: Material that must undergo further manufacturing steps before it becomes an
excipient.
Internal Audit: An audit conducted by an employee of the organization or by an individual from
outside the organization, but on behalf of the organization, to determine the effectiveness of a
system. (See: Audit, External Audit, and Third-Party Audit).
International Nonproprietary Name: International Nonproprietary Names (INN) facilitate the
identification of pharmaceutical substances or active pharmaceutical ingredients. Each INN is a
unique name that is globally recognized and is public property. A nonproprietary name also is
known as a generic name.
ISO: International Organization for Standardization.
Lot: See Batch.
Labeling: The affixing to a container or vessel of a tag or document that contains information
about that container and its contents.
Manufacturer/Manufacturing Process: All operations of receipt of materials, production,
packaging, repackaging, labeling, relabeling, quality control, release, and storage of excipients
and related controls.
Master Production Instruction (Master Production and Control Record): Documentation
that describes the manufacture of the excipient from raw material to completion.
Material: A general term used to denote raw materials (starting materials, reagents, and
solvents), process aids, intermediates, excipients, packaging, and labeling materials.
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Nonconforming Material: A material that is deficient in a characteristic, product specification,
process parameter, record, or procedure that renders its quality unacceptable, indeterminate,
or not according to specified requirements.
OASIS: Operational and Administrative System for Import Support.
Original Excipient Manufacturer: Organization responsible for manufacturing, under
appropriate GMPs, the excipient(s) distributed and addressed by this chapter.
Packaging/Repackaging Distributor: A distributor who transfers products from the original
packaging or transport vessel(s) provided by the original manufacturer into alternative
packaging and sells the products in the alternative packages. See Distributor and Repackager.
Primary Container–Closure System: The packaging components that come into direct
contact with the excipient in the closed, sealed package during storage and transport.
Packaging Material: A material intended to protect an intermediate or excipient during storage
and transport.
Packaging: The container and its components that hold the excipient for storage and transport
to the customer.
Pass-Through Distributor: See Closed-Container Distributor.
PN: Prior notice.
PNSI: Prior Notice Systems Interface.
Primary, Secondary Packaging: See Packaging/Repackaging Distributor and Primary
Container—Closure System. Packaging materials which do not come into contact with the
excipient during the normal course of storage and transport of the excipient.
Production: Operations involved in the preparation of an excipient from receipt of raw materials
through processing and packaging of the excipient.
QbD (Quality by Design): A systematic approach to pharmaceutical development that begins
with predefined objectives and emphasizes product and process understanding and process
control based on sound science and quality risk management. It means designing and
developing products and manufacturing processes to ensure a predefined quality.
QMS: Quality management system.
Quality Assurance (QA): The total of the organized arrangements made to ensure that all
excipients are of the quality required for their intended use and that quality systems are
maintained. See Quality Unit.
Quality Control (QC): Checking or testing that specifications are met. See Quality Unit.
Quality, Critical: Describes a material, process step or process condition, test requirement, or
any other relevant parameter that directly influences the quality attributes of the excipient and
that must be controlled within predetermined criteria.
Quality Management System (QMS): Management system that directs and controls a
pharmaceutical company with regard to quality.
Quality Manual: Describes the elements of the QMS and includes the quality organizational
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structure, written policies, procedures, and processes or references to them, and a description
of departmental functions as they relate to the policies, procedures, and processes. Document
specifying the quality management system of an organization.
Quality Unit: See also: Quality Control and Quality Assurance. A group within a larger
organization that is responsible for monitoring and ensuring all aspects of quality. Current
industry practice generally divides the responsibilities of the quality control unit (QCU), as
defined in the cGMP regulations, between quality control (QC) and quality assurance (QA)
functions. QC usually involves (1) assessing the suitability of incoming components, containers,
closures, labeling, in-process materials, and the finished products; (2) evaluating the
performance of the manufacturing process to ensure adherence to proper specifications and
limits; and (3) determining the acceptability of each batch for release. QA primarily involves (1)
review and approval of all procedures related to production and maintenance, (2) review of
associated records, and (3) auditing and performing/evaluating trend analyses.
Quarantine: The status of materials isolated physically or by other effective means pending a
decision about their subsequent approval or rejection.
Raw Material: A general term used to denote starting materials, reagents, and solvents
intended for use in the production of intermediates or excipients.
Recall: See Retrieval.
Record: A document stating results achieved or providing evidence of activities performed. The
medium can be paper, magnetic, electronic or optical, photographic, another medium, or a
combination thereof.
Reevaluation Date (Retest Date, Re-evaluation Interval): The date when the material
should be reexamined to ensure that it is still in conformity with the specification.
Recommended Re-evaluation Date: The date suggested by the supplier when the material
should be re-evaluated to ensure continued compliance with specifications. It differs from the
Expiration Date because the excipient can be re-evaluated to extend the length of time the
material can be used, if supported by the results of the evaluation and appropriate stability
data.
Repackager: A person or organization that takes an excipient from the original manufacturer's
container and repackages it into different containers. See also Distributor and
Packaging/Repackaging Distributor.
Repackaging: Removal of the excipient from its original container (combination of secondary
and/or primary packaging), and transfer to another container.
Reprocessing: Introduction of previously processed material that did not conform to standards
or specifications back into the process and repetition of one or more necessary steps that are
part of the normal manufacturing process.
Retrieval (Recall): Process for the removal of an excipient from the distribution chain.
Reworking: Subjecting previously processed material that did not conform to standards or
specifications to processing steps that differ from the normal process.
Secondary, Primary Packaging: See Primary, Secondary Packaging.
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Senior Management: See Top Management.
Significant Change: A change that alters an excipient's physical or chemical property from the
norm or that is likely to alter the excipient's performance in the dosage form.
Specification: The quality parameters to which the excipient, component, or intermediate must
conform and that serve as a basis for quality evaluation.
Stability: Continued conformity of the excipient to its specifications.
Stable Process: A process whose output, regardless of the nature of the processing (batch or
continuous), can be demonstrated by appropriate means to show a level of variability that
consistently meets all aspects of the stated specification (both USP and customer
specifications) and thus is acceptable for its intended use.
Subcontractor: A person or organization that undertakes work or services on behalf of a
different person or organization that in turn is contracted to undertake work or provide services
from the original contract giver.
Supplier's Certification Documentation: Specific information and data associated with a
single batch of an excipient. Its accuracy is certified by the business entity that has had
control of the same single batch of excipient. Supplier's Certification Documentation includes
both quality and supply chain data and information. The methods and processes that derive the
included data and information should be understood and controlled, and all data and information
sources should be traceable. All entities that take possession and responsibility for the
excipient batch should provide Supplier's Certification Documentation including the original
excipient manufacturer, all distributors, and all repackagers. Special attention and clarity should
be applied within the Supplier's Certification Documentation in any event that breaches the
original manufacturer's packaging and/or labels (including addition of new labels).
Third-Party Audit: An audit conducted by an individual from outside the organization and who
is neither a supplier nor customer of the organization, e.g., a certification body, to determine
the effectiveness of a system.
Top Management: Person or group of people who direct and control an organization at the
highest level. The highest level can be at either the site level or the corporate level and
depends on how the quality management system is organized.
Traceability: Ability to determine the history, application, or location that is under
consideration, e.g., origin of materials and parts, processing history, or distribution of the
product after delivery.
Trader: An entity that buys products from a manufacturer, may or may not take possession of
the products, and resells them to another party or parties.
Note—In the case of traders, the sale usually is made before product purchase.
User: A person or organization that uses pharmaceutical excipients to manufacture
pharmaceutical intermediates or finished products.
Validation: A documented program that provides a high degree of assurance that a specific
process, method, or system will consistently produce a result meeting predetermined
acceptance criteria. USP36

PF 38(6): Nov.-Dec. 2012

171

1 IPEC . The IPEC Excipient Pedigree White Paper. Arlington, VA: IPEC ; ND. Available at:
http://ipecamericas.org/sites/default/files/Excipient_Pedigree.pdf (Accessed July 6, 2011).
2 WHO. Good Trade and Distribution Practices for Pharmaceutical Starting Materials. Geneva; WHO: Technical
Report Series, No. 917, 2003, Annex 2. Available at: http://whqlibdoc.who.int/trs/WHO_TRS_917_annex2.pdf
(Accessed June 30, 2011).
3 WHO. Finished Products: Good Distribution Practices for Pharmaceutical Products. Geneva; WHO: Technical
Report Series 957, 2010, Annex 5. Available at: http://whqlibdoc.who.int/trs/WHO_TRS_957_eng.pdf (Accessed
July 7, 2011).
4 IPEC . The IPEC Excipient Information Package (EIP): Template and User Guide. Arlington, VA: IPEC ; 2011.
http://ipecamericas.org/ipec-store.
5 IPEC . The IPEC Excipient Stability Program Guide 2010. Arlington, VA: IPEC ; 2010. Available at:
http://ipecamericas.org/ipec-store (Accessed July 12, 2011).
6 International C hamber of C ommerce. Incoterms. http://www.iccwbo.org/incoterms (Accessed June 6, 2011).
7 FD&C Act. C hapter V: Drugs and Devices. Sec. 501. [21 USC §351] Adulterated Drugs and Devices.
http://www.gpo.gov/fdsys/pkg/USC ODE-2010-title21/html/USC ODE-2010-title21-chap9-subchapV-partAsec351.htm.
8 FD&C Act. C hapter IV: Food. Sec. 402. [21 USC §342] Adulterated Food.
http://www.gpo.gov/fdsys/pkg/USC ODE-2010-title21/html/USC ODE-2010-title21-chap9-subchapIV-sec342.htm
(Accessed June 6, 2011).
9 FDA. Public Meeting on Economically Motivated Adulteration. 2009.
http://www.fda.gov/NewsEvents/MeetingsC onferencesWorkshops/ucm163619.htm (Accessed June 6, 2011).
10 FDA. Guidance for Industry: Questions and Answers Regarding the Interim Final Rule on Prior Notice of
Imported Food, (Edition 2); Availability. 2004. http://www.gpo.gov/fdsys/pkg/FR-2004-05-03/pdf/04-10023.pdf
(Accessed June 6, 2011).
11 FDA. Operational and Administrative System for Import Support (OASIS). 2009.
http://www.fda.gov/ForIndustry/ImportProgram/AdmissibilityDeterminationsforShipmentsofForeignoriginOASIS/ucm077691.htm (Accessed June 6, 2011).

BRIEFING
1911 Rheometry. On the basis of comments received, the Excipient Monographs and the
General Chapters—Physical Analysis Expert Committees propose to reorganize USP viscosity
chapters. Following new general chapter approaches that specify requirements—e.g.,
procedures and/or methods with or without acceptance criteria in general chapters <1000,
with general chapters >1000 reserved for general information—the committees are canceling
the previous two proposals, Newtonian Viscosity

911

and Non-Newtonian Rheology

912

, that appeared in PF 34(6) [Nov.–Dec. 2008]. Instead, the committees propose the
following two test chapters and one general informational chapter:
911

Viscosity—Capillary Viscometer Methods

912

Rotational Rheometer Methods

1911

Rheometry.

The test procedures in the previously proposed 911 and 912 from PF 34(6) were
included in the newly proposed Viscosity—Capillary Viscometer Methods and Rotational
Rheometer Methods 912 in PF 37(4) [July–Aug. 2011], and the theories and applications
from the PF 34(6) proposal are incorporated in the new general information chapter now
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proposed, Rheometry

172

1911 .

Interested parties are encouraged to submit comments to Hong Wang, PhD, Senior Scientific
Liaison to the General Chapters—Physical Analysis and the Excipient Monographs Expert
Committees (301.816.8351 or hw@usp.org).
(GCPA: H. Wang.)
Correspondence Number—C117961

Comment deadline: January 31, 2013
Add the following:
1911 RHEOMETRY
• Newtonian Viscosity
If an external stress is exerted on a fluid, the latter will flow to a degree that is determined
by internal friction forces derived from internal molecular interactions and by the magnitude
of the external stress applied. The measure of resistance to flow is defined as the viscosity
of the fluid. The coefficient of viscosity, , historically termed the absolute viscosity, is
defined by Newton's law of viscous flow:

= shear stress, defined as the applied stress that causes successive parallel layers of a
material body to move in their own planes relative to each other
= shear rate, defined as the rate of change of shear strain with time
It should be noted that although stress and strain are often used interchangeably, the
terms are not used interchangeably in rheology: stress is synonymous with force per unit
area or a system of forces per unit area, and strain refers to deformation (i.e., a change in
shape or size). A fluid is said to exhibit Newtonian flow if the viscosity is a constant that is
independent of the shear rate or applied shear stress. Because viscosity depends on
temperature, the temperature of the substance being measured should be controlled to
within ±0.1 .
In general, Newton's law is obeyed by liquids of low molecular weight and by solutions of
low molecular weight solutes in low molecular weight solvents. However, liquids of high
molecular weight, solutions that contain high molecular weight solutes and colloidal
dispersions (e.g., suspensions and emulsions) typically do not obey Newton's law of
viscous flow and are referred to as non-Newtonian fluids.
In the International System of Units (SI), the unit of viscosity is the pascal-second (Pa·s),
which is equivalent to 1 kg·m 1·s 1 or 10 Poise in the centimeter-gram-second (cgs)
system. The viscosities of most Newtonian fluids are measured in millipascal-seconds (1
Pa·s = 1000 mPa·s; 1 mPa·s = 1 centipoise). Kinematic viscosity,

, relates the viscous

force to the inertial force by relating the Newtonian viscosity of a fluid to its density,
the same temperature:

, at
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The units of kinematic viscosity in SI units are m2·s 1 or, more commonly, mm2·s 1. [Note
—1 mm2·s 1 = 1 centistoke (cS or cSt). Stokes or centistokes are the units in the cgs
system for kinematic viscosity.]
Measurement of Newtonian Viscosity Using a Capillary Viscometer
The viscosity of a Newtonian fluid is measured by the use of glass capillary viscometers,
examples of which are shown in Figure 1 (simple U-tube capillary viscometer, also referred
to as an Ostwald-type capillary viscometer) and Figure 2 (constant or suspended-level
viscometer, also referred to as an Ubbelohde-type capillary viscometer). [Note—When the
term viscosity is used herein, it refers to absolute or Newtonian viscosity.]The constantor suspended-level viscometer is a more robust design that is less influenced by
temperature variations.

Figure 1. Simple U-tube (or Ostwald-type) capillary viscometer. [Note—Variables are defined
in the text.]
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Figure 2. Suspended-level (or Ubbelohde-type) capillary viscometer. [Note—Variables are
defined in

911

Viscosity—Capillary Viscometer Methods.]

The following example is based on Figure 1, and the same principle is applicable to Figure
2. With the apparatus in Figure 1, the flow time, t, is measured for a given volume of fluid,
V, as defined between lines 1 and 2 of Figure 1, to flow through a capillary tube having a
length equal to L and a radius equal to r. As long as the density of the fluid,
the viscosity can be calculated using the Poiseuille equation:

, is known,

P= pressure
The applied pressure differential, DP, is defined as:

DP = (h1

h2) × g ×

(4)

h=
1 height of the fluid in the tube at line 1 measured from the
h=
2 height of the fluid in the tube at line 2 measured from the
g= gravitational acceleration (standard value = 9.80665 m·s

bottom position
bottom position
)
2

Glass capillary viscometers generally are categorized as low shear stress instruments
because DP is relatively small. The typical ranges for shear stress,

, and shear rate,

(at the wall), are 0.1–15 Pa and 100–20,000 s 1, respectively.
The absolute dimensions of a capillary tube usually are too difficult to measure
conveniently. As a result, an empirical calibration is employed for each viscometer tube.
Collecting all the constants in Equations 3 and 4 into a single viscometer constant, k,
yields the approximate equation for kinematic viscosity:
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=k ×t

(5)

To determine k, analysts measure the flow time for a liquid of known viscosity at a given
temperature. This result is used to calculate the viscometer constant for that particular
temperature.
In work requiring a high degree of accuracy, analysts can use the following equation:

b= constant representing a term based on the geometry of the viscometer to correct for
the kinetic energy effects
This complete calibration of a viscometer requires the measurement of the viscosities (at
a given temperature) of two reference standards of different viscosities to determine
values for both constants. However, when a viscometer is chosen so that the flow time is
not less than 200 s, the kinematic energy correction typically is less than 1%, and
Equation 5 can be used to calculate kinematic viscosities from the flow data.
Once the viscometer constant(s) have been determined for a given temperature by the
use of appropriate viscosity standards, the values can be used until the viscometer is
subjected to thermal or mechanical stress that alters the dimensions of the capillary.
Generally, calibration, operation, and cleaning of viscometers should be performed
according to instrument manufacturer's recommendations. Capillary viscometers must be
scrupulously clean and should display no residual adsorbed or particulate organic or
inorganic contamination. Surface contaminants may alter the dimensions of the capillary
and the interfacial tension.
The procedures detailed in Viscosity—Capillary Viscometer Methods 911 are intended
for use with fluids that exhibit Newtonian behavior when subjected to shear stress. These
procedures are not suitable for the characterization of non-Newtonian fluids because they
may give erroneous and variable results if used with such fluids.
Capillary viscometers described in 911 typically measure rheological properties at only
one shear rate during one pass of the sample through the capillary. Because of the
nonlinearity of the shear rate–shear stress relationship for non-Newtonian fluids, this
measurement is inadequate unless provisions are made for flow measurements at multiple
rates of shear. Even more problematic for non-Newtonian fluids are the decrease in shear
rate from the capillary wall to the center of the capillary and the variation in shear stress
with time as the liquid level in the capillary viscometer decreases. Thus, capillary
viscometers are inherently unsuitable for use in characterizing non-Newtonian fluids.
Because of the small DP attained with glass capillary viscometers, their use in
measurements of high-viscosity fluids is impractical. Capillary-extrusion viscometers that
use an external pressurized gas reservoir or other source of constant pressure are the
only practical capillary instrumental alternative in these instances. In addition, capillaryextrusion viscometers may allow the operator to vary the shear rate or stress, thus
enabling the characterization of non-Newtonian fluids. Chapter 911 does not address
such devices.
Measurement of Newtonian Viscosity Using a Rotational Viscometer
The principle of the method is to measure the force (torque) acting on a rotor when it
rotates at a constant angular velocity (rotational speed) in a liquid. Rotational
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viscometers are used for measuring the viscosity of Newtonian fluids or the apparent
viscosity of non-Newtonian fluids. Detailed methods and procedures for rotational
instruments are provided in Rotational Viscometer Methods 912 . Measurement of
Newtonian viscosity can be performed on rotational viscometers/rheometers following the
methods and procedures proposed in 912 . The calculated viscosity of Newtonian fluids
should be the same (within experimental error), regardless of the rate of shear (or
rotational speed).
• Non-Newtonian Rheology
Newton's law of viscous deformation or flow, described in the section on Newtonian
viscosity, describes the relationship between an applied stress,

, and the resultant flow

with a rate of shear, or velocity gradient, of . Disperse systems (i.e., suspensions or
emulsions) or fluids that contain macromolecular components usually do not obey Newton's
law. These exceptions to Newtonian behavior are the subject of this section. The
categorization of such exceptions into different flow behaviors such as shear-thinning
(pseudoplastic), shear-thickening (dilatant), Bingham, etc., is not rigid. Non-Newtonian
fluids may exhibit different rheological behavior depending on shear rate, shear stress, and
temperature. Time-dependent rheological behavior, such as rheopexy or thixotropy, is not
considered in this chapter.
The rheological behavior of a non-Newtonian fluid is evident when shear stress is plotted
as a function of shear rate. The shear stress–shear rate relationship for Newtonian
compositions is linear and passes through the origin, whereas the shear stress–shear rate
relationship for non-Newtonian fluids is nonlinear and may not pass through the origin, or it
is linear but does not pass through the origin (Bingham body). Rheograms, or flow curves,
of some typical non-Newtonian fluids are contrasted with those of Newtonian fluids in
Figure 3.

Figure 3. Rheograms of Newtonian and typical time-independent non-Newtonian fluids.
All the rheograms in Figure 3 can be described by the Herschel–Bulkley equation:
= shear stress, in Pa
K= consistency coefficient
= shear rate, in s 1
n= the flow behavior index
= yield stress, in Pa
0

For Newtonian fluids and Bingham plastics, K is designated as the viscosity ( ) and plastic
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viscosity ( pl), respectively. Because the viscosity of Newtonian fluids and the plastic
viscosity of Bingham plastics are independent of the shear stress or shear rate, the flow
behavior index, n, is equal to 1 for Newtonian fluids and Bingham plastics. For shearthinning fluids, 0 < n < 1, and for shear-thickening fluids, 1 < n < . Shear thinning can be
observed in certain complex solutions such as aqueous hydrocolloid solutions. Dilatant
behavior is generally exhibited by concentrated suspensions of nonaggregating
monodisperse solid particles such as mixtures of corn starch and water. At very high
viscosities or very low shear stresses, Bingham plastics exhibit a yield stress, 0, a shear
stress below which no apparent deformation occurs (Figure 3). Other non-Newtonian fluids
do not appear to exhibit a yield stress,

0,

because flow occurs even at very low shear

stresses. Thus, for non-Bingham bodies, in the absence of 0 the Herschel–Bulkley
equation reduces to the power law, i.e., the Ostwald–de Waele equation:

Many pharmaceutical macromolecular materials exhibit non-Newtonian behavior in solution.
Although the viscosity of Newtonian fluids is a constant, i.e., = / so that is
independent of shear rate or shear stress, there is no singular value of viscosity for nonNewtonian fluids because the viscosity of non-Newtonian fluids varies with shear rate or
shear stress. Accordingly, applying the Newtonian concept of viscosity to non-Newtonian
fluids is inappropriate. The viscosity value observed for a non-Newtonian fluid is an
apparent viscosity, app, and is a function of the conditions of measurement. As the shear
rate or shear stress changes, the apparent viscosity is likely to change as well. Figure 4
depicts the dependence of
hydrocolloid.

app

on the shear rate for an aqueous solution of a typical

Figure 4. Log–log plot of the dependence of app on the shear rate for an aqueous solution of a
typical hydrocolloid.
Figure 4 depicts apparent viscosities, app, ranging from high values at very low rates of
shear to low values at very high rates of shear. The curve's asymptotes—corresponding to
the zero-shear viscosity ( 0) and the infinite-shear viscosity (
)—together with the
linear log–log region at intermediate rates of shear, are characteristic of the shear-thinning
behavior of these materials.
During the course of manufacturing, in-process materials that exhibit non-Newtonian
behavior may be subjected to wide ranges of shear rates and shear stresses. Fluid dynamic
conditions during drug product storage and administration and release of the active
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constituent(s) could broaden those ranges even further. For materials that exhibit nonNewtonian behavior in a solution or dispersion, the rheological profile (rheogram or flow
curve), as described in Figure 3, gives a better functional characterization than a single
viscosity measurement of the apparent viscosity at a single shear rate.
Determination of the rheological profiles of non-Newtonian solutions or dispersions requires
the use of a rheometer or a viscometer that is capable of measuring rheological behavior
over the range of shear rates and/or shear stresses encompassing the conditions that the
excipient or product is likely to encounter. The exact mathematical characterization of
deformation and flow of a test substance requires the precise delineation of sample
dimensions, the forces exerted, and the resulting deformation or flow. Instruments that
enable a thorough, geometrically accurate analysis of deformation and flow are termed
absolute rheometers. Such absolute rheometers are preferred for measurements of nonNewtonian fluids so that results can be compared from instrument to instrument for
corresponding ranges of shear stresses and shear rates. When flow or deformation is not
well defined or is indeterminate, the resulting measurements are likely to correspond, at
best, to approximations of the true rheological behavior of the sample. Rheometers that
can provide useful information about material behavior, but do not enable the true
rheological character of the material to be determined, are known as relative rheometers.
Such instruments are subject to geometry-dependent limitations. Results obtained with
relative rheometers generally are not comparable to those obtained with absolute
rheometers or other differently configured relative rheometers. Relative rheometers often
are called viscometers. However, the term viscometer should be reserved for a subset of
rheometers that measure only steady shear flow and the corresponding Newtonian
viscosity.
Temperature control during the course of measurement is critical to the rheological
evaluation of non-Newtonian fluids. An Arrhenius-type equation has often been invoked to
characterize Newtonian and non-Newtonian flow properties as a function of temperature:

= Newtonian or non-Newtonian viscosity at some absolute temperature T
= Newtonian or non-Newtonian viscosity at some reference temperature T ref
ref

A= constant
E=0 energy for viscous flow
R= universal gas constant
Energies for viscous flow and the constant A are determined from experimental data.
Energy dissipation by viscous flow is a function of measuring system geometry,
temperature control, shear rate, and shear stress, but increased variability is observed in
particular at high shear rates and for fluids that exhibit high apparent viscosity. Sample
temperatures of non-Newtonian fluids should be controlled to ±0.1 , as is the case for
Newtonian viscosity measurements.
Measurement of Viscosity Using a Rotational Rheometer
Rotational rheometers represent a more useful alternative to most capillary viscometers
for measuring the rheological characteristics of non-Newtonian fluids as long as variations
in shear rate, sample temperature, and edge or end effects can be minimized. The most
common absolute rotational rheometer designs include concentric (coaxial) cylinder, cone-
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and-plate, and parallel-plate instruments. All of these are available in models that can
provide absolute rheological data—that is, data that do not require substantial corrections
for end or edge effects, viscous heating, or variations in shear rate or shear stress in the
sample being evaluated. Rotating spindle rheometers—often described as viscometers—are
relative rheometers that typically are used to assess apparent viscosity.
An additional factor with all rheometers/viscometers that must be taken into
consideration, particularly with multiphase materials, is the potential formation of a thin,
less-viscous layer of fluid at the wall of the instrument. When wall effects, or wall slip,
occur, instrument measurements may be misleading because of the actual rheological
behavior of the sample. Identification of wall effects is instrument specific. One useful
method entails the comparison of results with a roughened vs. a smooth rotor. Instrument
manufacturers generally provide recommendations for identification of and correction for
wall slip.
Generally, calibration, operation, and cleaning of rheometers should be performed
according to the instrument manufacturer's recommendations.
General chapter 912 describes the procedures for the most common types of
rheometers: spindle rheometers (viscometers) and concentric (coaxial) cylinder, coneand-plate, and parallel-plate (parallel disk) instruments.
Measurement of Viscosity Using a Nonrotational Rheometer
Alternative nonrotational rheometer procedures for measuring rheological properties of
non-Newtonian fluids include slit rheometers, small- and large-amplitude oscillatory shearbased rheometers, and capillary-breakup elongational rheometers. Equipment
manufacturers generally provide detailed procedures, and these instruments and methods
may be appropriate for use after users complete characterization and validation studies
for both the equipment and the material under test. These types of rheometers are not
described in

912 , as these are not rotational rheometers.

USP37

BRIEFING
Amyl Acetate, page 5708 of the Second Supplement to USP 35. It is proposed to correct
the synonym and the CAS number of this reagent and to update its specification.
(HDQ: M. Marques.)

Correspondence Number—C120912

Comment deadline: January 31, 2013
Change to read:
Amyl Acetate (Isoamyl Acetate)
(Pentyl Acetate), USP37
CH3 CO2 C5 H11 —130.18 [2308-18-1]
[628-63-7] USP37
—Clear, colorless liquid. Slightly soluble in water. Miscible with alcohol, with amyl alcohol, with
benzene, and with ether.
Specific gravity

841 : about 0.87.

Boiling range (Reagent test, Method I): not less than 90%, between 137 and 142 .
Solubility in diluted alcohol—A 1.0-mL portion dissolves in 20 mL of diluted alcohol to form a
clear solution.
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Acidity—Add 5.0 mL to 40 mL of neutralized alcohol, and, if the pink color is discharged, titrate
with 0.10 N sodium hydroxide: not more than 0.20 mL is required to restore the pink color
(about 0.02% as CH3 COOH).
Water—A 5-mL portion gives a clear solution with 5 mL of carbon disulfide.
—Use a suitable grade with a content of NLT 99%.

USP37

BRIEFING
Ferrous Chloride Tetrahydrate. It is proposed to add this new reagent used in the
Analytical Procedure for Inorganic Arsenic in the general chapter
Contaminants in Dietary Supplements.
(HDQ: M. Marques.)

2232

Elemental

Correspondence Number—C91568

Comment deadline: January 31, 2013
Add the following:
Ferrous Chloride Tetrahydrate (Iron (II) Chloride Tetrahydrate), FeCl2 .4HO—198.81
[13478-10-9]—Use a suitable grade with a content of NLT 99.0%. USP37
BRIEFING
Silicotungstic Acid, page 5755 of the Second Supplement to USP35. It is proposed to
correct the CAS number of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C120913

Comment deadline: January 31, 2013
Change to read:
Silicotungstic Acid, n-Hydrate (Tungstosilicic Acid), H4 Si(W3 O10 )4 ·nH2 O—2878.17
(anhydrous) [12520-88-6]
[12027-38-2] USP37
—Green powder.
Assay—Dissolve about 1 g, accurately weighed, in 25 mL of dilute hydrochloric acid (1 in 5).
Add 50 mL of a solution of 5 g of cinchonine in dilute hydrochloric acid (1 in 2). Warm on a
steam bath for about 30 min. Cool, filter through a tared crucible, and ignite at 800 to
constant weight. The weight of the residue multiplied by 1.047 is equal to the weight of
silicotungstic acid dihydrate in the sample taken. Not less than 98% is found.
BRIEFING
Sulfanilamide, page 5762 of the Second Supplement to USP 35. It is proposed to correct
the molecular weight of this reagent.
(HDQ: M. Marques.)

Correspondence Number—C120478

Comment deadline: January 31, 2013
Change to read:
Sulfanilamide, C6 H8 N2 O2 S—172.21
172.20 USP37
[63-74-1]—Use USP Sulfanilamide Melting Point RS.
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BRIEFING
o-Tolidine, page 5766 of the Second Supplement to USP 35. It is proposed to update the
descriptive information about this reagent.
(HDQ: M. Marques.)

Correspondence Number—C122030

Comment deadline: January 31, 2013
Change to read:
o-Tolidine (4,4¢ -Diamino-3,3¢ -dimethylbiphenyl), (NH2 )(CH3 )C6 H3 ·C6 H3 (CH3 )
(NH2 )4,3,3¢,4¢—212.29 [119-93-7]—White to reddish crystals or crystalline powder. Slightly
soluble in water; soluble in alcohol, in ether, and in dilute acids. Preserve in well-closed
containers, protected from light. [Caution—Avoid contact with o-tolidine and mixtures
containing o-tolidine, and conduct all tests in a well-ventilated fume hood.]
Melting range

741 : between 129 and 131 .

Use a suitable grade with a content of NLT 98.0%.
USP37

VOLUMETRIC SOLUTIONS
BRIEFING
Perchloric Acid, Tenth-Normal (0.1 N) in Glacial Acetic Acid, page 5787 of the Second
Supplement to USP 35. The proposed revision that appeared in PF 38(3) [May–June 2012] was
canceled and a new revision to correct the equivalent of potassium biphthalate is now being
proposed.
(HDQ: M. Marques.)
Correspondence Number—C120475

Comment deadline: January 31, 2013
Change to read:
Perchloric Acid, Tenth-Normal (0.1 N) in Glacial Acetic Acid
HClO4 , 100.46
10.05 g in 1000 mL
[Note—Where called for in the tests and assays, this volumetric solution is specified as “0.1 N
perchloric acid.” Thus, where 0.1 N or other strength of this volumetric solution is specified, the
solution in glacial acetic acid is to be used, unless the words “in dioxane” are stated. (See also
Perchloric Acid, Tenth-Normal (0.1 N) in Dioxane.)]
Mix 8.5 mL of perchloric acid with 500 mL of glacial acetic acid and 21 mL of acetic anhydride,
cool, and add glacial acetic acid to make 1000 mL. Alternatively, the solution may be prepared
as follows. Mix 11 mL of 60% perchloric acid with 500 mL of glacial acetic acid and 30 mL of
acetic anhydride, cool, and add glacial acetic acid to make 1000 mL.
Allow the prepared solution to stand for 1 day for the excess acetic anhydride to be combined,
and determine the water content by Method I (see Water Determination 921 ), except to
use a test specimen of about 5 g of the 0.1 N perchloric acid that is expected to contain
approximately 1 mg of water and the Reagent (see Reagent under Method Ia in Water
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Determination 921 ) diluted such that 1 mL is equivalent to about 1–2 mg of water. If the
water content exceeds 0.5%, add more acetic anhydride. If the solution contains no titratable
water, add sufficient water to obtain a content of between 0.02% and 0.5% of water. Allow
the solution to stand for 1 day, and again titrate the water content. The solution so obtained
contains between 0.02% and 0.5% of water, indicating freedom from acetic anhydride.
Standardize the solution as follows.
Accurately weigh about 700 mg of potassium biphthalate, previously crushed lightly and dried
at 120 for 2 h, and dissolve in 50 mL of glacial acetic acid in a 250-mL flask. Add 2 drops of
crystal violet TS, and titrate with the perchloric acid solution until the violet color changes to
blue-green. Deduct the volume of the perchloric acid consumed by 50 mL of the glacial acetic
acid. Each 20.423
20.422 USP37
mg of potassium biphthalate is equivalent to 1 mL of 0.1 N perchloric acid.

USP37

VOLUMETRIC SOLUTIONS
BRIEFING
Potassium Hydroxide, Normal (1 N), page 5788 of the Second Supplement to USP 35. It
is proposed to correct the equivalent in the formula to calculate the normality.
(HDQ: M. Marques.)
Correspondence Number—C120476

Comment deadline: January 31, 2013
Change to read:
Potassium Hydroxide, Normal (1 N)
KOH, 56.11
56.11 g in 1000 mL
Dissolve 68 g of potassium hydroxide in about 950 mL of water. Add a freshly prepared
saturated solution of barium hydroxide until no more precipitate forms. Shake the mixture
thoroughly, and allow it to stand overnight in a stoppered bottle. Decant the clear liquid, or
filter the solution in a tight, polyolefin bottle, and standardize by the procedure set forth for
Sodium Hydroxide, Normal (1 N).

USP37

VOLUMETRIC SOLUTIONS
BRIEFING
Sodium Nitrite, Tenth-Molar (0.1 M), page 5790 of the Second Supplement to USP 35. It
is proposed to modify the amount of reagent to be used to prepare this solution and to correct
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the equivalent.
(HDQ: M. Marques.)
Correspondence Number—C120480

Comment deadline: January 31, 2013
Change to read:
Sodium Nitrite, Tenth-Molar (0.1 M)
NaNO2 , 69.00
6.900 g in 1000 mL
Dissolve 7.5 g
6.9 g USP37
of sodium nitrite in water to make 1000 mL, and standardize the solution as follows.
Accurately weigh about 500 mg of USP Sulfanilamide RS, previously dried at 105 for 3 h, and
transfer to a suitable beaker. Add 20 mL of hydrochloric acid and 50 mL of water, stir until
dissolved, and cool to 15 . Maintaining the temperature at about 15 , titrate slowly with the
sodium nitrite solution, placing the buret tip below the surface of the solution to preclude air
oxidation of the sodium nitrite, and stir the solution gently with a magnetic stirrer, but avoid
pulling a vortex of air beneath the surface. Use the indicator specified in the individual
monograph, or, if a potentiometric procedure is specified, determine the endpoint
electrometrically using platinum–calomel or platinum–platinum electrodes. When the titration is
within 1 mL of the endpoint, add the titrant in 0.1-mL portions, and allow 1 min between
additions. Each 17.22 mg of sulfanilamide is equivalent to 1 mL of 0.1000 M sodium nitrite.

USP37

BRIEFING
L## (Adenine, Acclaim Mixed-Mode WCX-1). It is proposed to add this new column used
in the Assay and the test for Related Compounds in the monograph for Adenine, which also
appears in this issue of PF.
(HDQ: M. Marques.)
Correspondence Number—C113607

Comment deadline: January 31, 2013
Add the following:
L## (Adenine, Acclaim Mixed-Mode WCX-1)—A silane ligand that consists of both
reversed-phase (an alkyl chain longer than C8) and weak cation-exchange (carboxyl groups)
functional groups chemically bonded to porous or nonporous particles, 1.0–50 µm in diameter.
USP37

CONTAINERS FOR DISPENSING CAPSULES AND TABLETS
BRIEFING
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Container Specifications for Capsules and Tablets, page 5795 of the Second Supplement to
USP 35, page 1037 of PF 36(4) [July–Aug. 2010], page 1780 of PF 36(6) [Nov.–Dec. 2010], PF
37(3) [May–June 2011], PF 37(5) [Sept.–Oct. 2011], PF 37(6) [Nov.–Dec. 2011], PF 38(1)
[Jan.–Feb. 2012], PF 38(2) [Mar.–Apr. 2012], PF 38(3) [May–June 2012], PF 38(4) [July–Aug.
2012], and PF 38(5) [Sept.–Oct. 2012].
(HDQ.)
Correspondence Number—C89101; C97733; C99812; C100041; C104317; C110417;
C115362; C115653; C117328; C119133
The following table is provided as a reminder for the pharmacist engaged in the typical
dispensing situation who already is acquainted with the Packaging and Storage requirements
set forth in the individual monographs. It lists the capsules and tablets that are official in the
United States Pharmacopeia and indicates the relevant tight (T), well-closed (W), and lightresistant (LR) specifications applicable to containers in which the drug that is repackaged
should be dispensed.
This table is not intended to replace, nor should it be interpreted as replacing, the definitive
requirements stated in the individual monographs.
Container Specifications for Capsules and Tablets
Monograph Title
Delete the following:
Bacampicillin Hydrochloride Tablets

Container
Specification
T

USP37

Add the following:
Cyanocobalamin Tablets

T, LR

USP37

Add the following:
Doxycycline Extended-Release Capsules

T, LR

USP37

Add the following:
Loratadine Chewable Tablets

T

USP37

Add the following:
Naproxen Sodium and Pseudoephedrine Hydochloride Extended-Release
Tablets

T

USP37

Add the following:
Selegiline Hydrochloride Capsules

T, LR

USP37

Add the following:
Sevelamer Carbonate Tablets

T

USP37

Add the following:
Sevelamer Hydrochloride Tablets

T

USP37

Add the following:
Trandolapril and Verapamil Hydrochloride Extended-Release Tablets

LR

USP37
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Delete the following:
Troleandomycin Capsules

T

USP37

BRIEFING
Description and Relative Solubility of USP and NF Articles, page 5805 of the Second
Supplement to USP 35, page 464 of PF 35(2) [Mar.–Apr. 2009], PF 37(3) [May–June 2011], PF
37(6) [Nov.–Dec. 2011], PF 38(4) [July–Aug. 2012], and PF 38(5) [Sept.–Oct. 2012].
(HDQ.)
Correspondence Number—C93625; C95538; C103366; C104497; C106525; C115583;
C119773; C122034; C122609
Change to read:
Dapsone: White or creamy white, crystalline powder. Is odorless and has a slightly bitter
taste. Soluble in acetone and in dilute mineral acids; Freely
sparingly USP37
soluble in alcohol; very slightly soluble in water.
Add the following:
Dexmedetomidine Hydrochloride: White or almost white powder. Freely soluble in water,
and has a pKa of 7.1. USP37
Add the following:
Lauric Acid: White or faintly yellow, somewhat glossy, crystalline solid or powder. Very
soluble in alcohol, in ether, and in methanol; soluble in acetone; practically insoluble in water.
NF category: Antifoaming agent; emulsifying and/or solubilizing agent; tablet and/or capsule
lubricant. NF32
Change to read:
Leucovorin Calcium: Yellowish-white or yellow odorless
USP37

powder. Very soluble
Slightly soluble to freely soluble USP37
in water; practically insoluble in alcohol.
Add the following:
Mandelic Acid: White to light yellow powder or crystalline solid. Soluble in alcohol, in isopropyl
alcohol; sparingly soluble in water. NF category: Antimicrobial preservative. NF32
Change to read:
Raloxifene Hydrochloride: Almost white to pale yellow powder. Freely soluble in
dimethylsulfoxide; sparingly soluble in methanol; slightly soluble in alcohol; very slightly soluble
in water, in isopropyl alcohol, and in octanol;
slightly soluble to sparingly soluble in methanol; practically insoluble to very slightly soluble in
water; USP37
practically insoluble in ether and in ethyl acetate.
Add the following:
Triclocarban: White powder. Freely soluble in ethanol, in acetone, and in polyethylene glycol;
slightly soluble in acetonitrile and in propylene glycol; insoluble in water. USP37
Add the following:
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Zanamivir: White, crystalline powder. Sparingly soluble in water; insoluble in acetone, in
acetonitrile, in alcohol, and in isopropyl alcohol. USP37
Change to read:
Ziprasidone Hydrochloride
(monohydrate) USP37
: White to slightly pink powder. Very soluble in methanol; slightly soluble in isopropyl alcohol and
in hot tetrahydrofuran; practically insoluble in water.
Slightly soluble in methanol and in methylene chloride; practically insoluble in water. USP37
Add the following:
Ziprasidone Hydrochloride (anhydrous): White to slightly pink powder. Soluble in
anhydrous formic acid; insoluble in n-hexane. USP37
BRIEFING
N-Acetylglucosamine. Because there is no existing USP monograph for this dietary ingredient,
a new monograph is proposed. The liquid chromatographic procedures in the Assay, and
tests for Related Compounds and Limit of Glucosamine are based on analyses performed
with a Phenomenex Luna NH2, brand of L8 column. The typical retention times observed for
N-acetylglucosamine and glucosamine are about 4.1 min and 11.5 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C103561

Comment deadline: January 31, 2013
Add the following:
N
-Acetylglucosamine

C8 H15 NO6

221.21

2-(Acetylamino)-2-deoxy-d-glucose;
N-Acetyl-d-Glucosamine
[7512-17-6].
DEFINITION
N-Acetylglucosamine contains NLT 98.0% and NMT 102.0% of N-acetylglucosamine
(C8 H15 NO6 ), calculated on the dried basis.
IDENTIFICATION
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• A. Infrared Absorption 197K
• B. It meets the requirements in the test for Optical Rotation 781S , Specific Rotation.
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: Transfer 3.5 g of dibasic potassium phosphate to a 1-L volumetric flask, and add
sufficient water to dissolve. Add 0.25 mL of ammonium hydroxide, dilute with water to
volume, and mix. Adjust with phosphoric acid to a pH of 7.5.
Mobile phase: Acetonitrile and Buffer (75:25)
Diluent: Acetonitrile and water (50:50)
System suitability solution: 1.0 mg/mL of USP N-Acetylglucosamine RS and 0.6 mg/mL of
USP Glucosamine Hydrochloride RS in Diluent
Standard solution: 1.0 mg/mL of USP N-Acetylglucosamine RS in Diluent
Sample solution: 1.0 mg/mL of N-Acetylglucosamine in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 195 nm
Column: 4.6-mm × 15-cm; 3-µm packing L8
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for N-acetylglucosamine and glucosamine are 1.0 and
about 2.8, respectively.]
Suitability requirements
Signal-to-noise ratio: NLT 10 for the glucosamine peak, System suitability solution
Resolution: NLT 5.0 between the N-acetylglucosamine and glucosamine peaks, System
suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of N-acetylglucosamine (C8 H15 NO6 ) in the portion of NAcetylglucosamine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP N-Acetylglucosamine RS in the Standard solution (mg/mL)
C=
U concentration of N-Acetylglucosamine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
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IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Chloride and Sulfate, Chloride

221 : NMT 0.1%

• Elemental Impurities, Arsenic

233 : NMT 1 µg/g

• Elemental Impurities, Lead 233 : NMT 10 µg/g
• Related Compounds
Buffer, Mobile phase, Diluent, System suitability solution, Chromatographic system,
and System suitability: Proceed as directed in the Assay.
Sample solution: 2.5 mg/mL of N-Acetylglucosamine in Diluent
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of N-Acetylglucosamine taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the peak responses from the Sample solution
Acceptance criteria
Individual impurity: NMT 0.5%
Total impurities: NMT 2.0%
• Limit of Glucosamine
Buffer, Mobile phase, Diluent, System suitability solution, Chromatographic system,
and System suitability: Proceed as directed in the Assay.
Standard solution: 0.6 mg/mL of USP Glucosamine Hydrochloride RS in Diluent
Sample solution: 50 mg/mL of N-Acetylglucosamine in Diluent
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of glucosamine in the portion of N-Acetylglucosamine taken:
Result = (rU/rS) × (CS/CU) × (M1/M2) × 100
rU= peak response of glucosamine from the Sample solution
rS= peak response of glucosamine from the Standard solution
C=
S concentration of USP Glucosamine Hydrochloride RS in the Standard solution (mg/mL)
CU= concentration of N-Acetylglucosamine in the Sample solution (mg/mL)
M=
1 molecular weight of glucosamine, 179.17
M=
2 molecular weight of glucosamine hydrochloride, 215.63
Acceptance criteria: NMT 1.0%
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 20 mg/mL in water, perform the measurement 3 h after sample
preparation
Acceptance criteria: +39.0 to +43.0
• pH

791
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Sample solution: 10 mg/mL in water
Acceptance criteria: 6.0–8.0
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 0.5%
• Melting Range or Temperature

741 : 196 –205

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
103 cfu/g; the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP N-Acetylglucosamine RS
USP Glucosamine Hydrochloride RS
USP37

BRIEFING
Capsicum Tincture. A new monograph is proposed. The liquid chromatographic procedure in
the test for Content of Total Capsaicinoids is based on analyses performed with the Intersil
Ph brand of L11 column, with end-capped, 5-µm, 150A packing. The typical retention times
observed are about 17.8, 18.9, 19.9, and 25.3 min for nordihydrocapsaicin, nonivamide,
capsaicin, and dihydrocapsaicin, respectively.
(DS: M. Sharaf.)
Correspondence Number—C116628

Comment deadline: January 31, 2013
Add the following:
Capsicum Tincture
DEFINITION
Capsicum Tincture is prepared as follows.
Capsicum
100 g
A mixture of Alcohol and Water (70:30) to (85:15), a sufficient quantity to make 1000 mL
Prepare the Tincture as directed for Botanical Extracts 565 , Tinctures, Maceration Process.
It contains NLT 0.02% (w/v) of total capsaicinoids, calculated as the sum of capsaicin,
dihydrocapsaicin, nordihydrocapsaicin, nonivamide, decanylvanillinamide, and homocapsaicin;
and the nonivamide content is NMT 5% of the total capsaicinoids.
IDENTIFICATION
• A. Thin-Layer Chromatography
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Standard solution A: 0.2 mg/mL of USP Capsaicin RS in methanol
Standard solution B: 0.2 mg/mL of USP Dihydrocapsaicin RS in methanol
Sample solution: Shake 10 mL of Tincture with 10 mL of hexanes, allow to separate, and
use the lower layer.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Adsorbent: Chromatographic reverse phase octadecyl silyl silica gel with an average
particle size of 5 µm (HPTLC plates)
Application volume: 2 µL, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of methanol and water (8:2)
Derivatization reagent A: 5 mg/mL of dichloroquinonechlorimide in methanol
Derivatization reagent B: Ammonium hydroxide solution
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the Samples as bands to a suitable high-performance thin-layer chromatographic
plate. Use a saturated chamber, and develop the chromatograms over a distance of 6
cm. Remove the plate from the chamber, dry, derivatize with Derivatization reagent A,
dry, expose to the vapors of Derivatization reagent B until blue bands develop, and then
examine under white light.
System suitability: Standard solution A shows a blue band at about one-third of the
chromatogram, and Standard solution B shows a blue band at an RF just below that from
Standard solution A.
Acceptance criteria: The Sample solution chromatogram exhibits a blue band at about
one-third of the chromatogram, corresponding in color and RF to the capsaicin band in the
chromatogram of Standard solution A, and exhibits a blue band at an RF just below that of
capsaicin, similar in position and color to the dihydrocapsaicin band in the chromatogram
of Standard solution B. Other bands may be observed in the Sample solution
chromatogram.
• B. HPLC
Analysis: Proceed as directed in the test for Content of Total Capsaicinoids.
Acceptance criteria: The Sample solution chromatogram exhibits the main capsaicinoid
peak at the retention time corresponding to capsaicin in the chromatogram of Standard
solution A and a peak of lower intensity corresponding to dihydrocapsaicin in the
chromatogram of Standard solution B. The Sample solution chromatogram shows additional
minor peaks corresponding to nordihydrocapsaicin, nonivamide, decanylvanillinamide, and
homocapsaicin.
STRENGTH
• Content of Total Capsaicinoids
Mobile phase: A mixture of acetonitrile and diluted phosphoric acid (1 in 1000) (2:3)
Standard solution A: 0.1 mg/mL of USP Capsaicin RS in methanol
Standard solution B: 0.05 mg/mL of USP Dihydrocapsaicin RS in methanol
Sample solution: Dilute an accurately measured volume of Tincture in methanol (1:1, v/v),
and mix. Before injection, pass through a membrane filter with a 0.45-µm or finer pore
size, discarding the first few mL of the filtrate. [Note—The sample can be weighed and
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converted to volume using the density of the Tincture.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 281 nm
Column: 4.6-mm × 25-cm; end-capped, 5-µm, 150 A, packing L11
Flow rate: 1.0 mL/min
Column temperature: 30
Injection volume: 20 µL
System suitability
Samples: Standard solution A and Sample solution
Suitability requirements
Resolution: NLT 1.5 between the capsaicin peak and the nonivamide peak at a
retention time of 0.95, relative to 1.0 for capsaicin, Sample solution
Relative standard deviation: NMT 2.0% for the capsaicin peak in repeated injections,
Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the capsaicin and dihydrocapsaicin peaks in the Sample solution chromatogram by
comparison with the chromatograms of Standard solution A and Standard solution B,
respectively. Identify the peaks corresponding to nordihydrocapsaicin, nonivamide,
decanylvanillinamide, and homocapsaicin using the approximate relative retention times
provided in Table 1.
Table 1
Approximate
Analyte
Relative Retention Time
Nordihydrocapsaicin
0.89
Nonivamide
0.95
Capsaicin
1.00
Decanylvanillinamide
1.34
Homocapsaicin
1.40
Calculate the percentage of capsaicin in the portion of Capsicum Tincture taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of capsaicin from the Sample solution
rS= peak area of capsaicin from Standard solution A
C=
S concentration of capsaicin in Standard solution A (g/mL)
C=
U concentration of Tincture in the Sample solution (mL/mL)
Calculate the percentage of dihydrocapsaicin in the portion of Capsicum taken:
Result = (rU/rS) × CS/CU) × 100
rU= peak area of dihydrocapsaicin from the Sample solution
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rS= peak area of dihydrocapsaicin from Standard solution B
C=
S concentration of dihydrocapsaicin in Standard solution B (g/mL)
C=
U concentration of Tincture in the Sample solution (mL/mL)
Calculate the percentage of nonivamide, expressed as capsaicin, in the portion of Tincture
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of nonivamide from the Sample solution
rS= peak area of capsaicin from Standard solution A
C=
S concentration of capsaicin in Standard solution A (g/mL)
C=
U concentration of Tincture in the Sample solution (mL/mL)
Calculate the sum of the percentages of nordihydrocapsaicin, decanylvanillinamide and
homocapsaicin, expressed as capsaicin, in the portion of Tincture taken:
Result = (SrU/rS) × (CS/CU) × 100
Sr=
U sum of the peak areas of nordihydrocapsaicin, decanylvanillinamide, and homocapsaicin
from the Sample solution
rS= peak area of capsaicin from Standard solution A
CS= concentration of capsaicin in Standard solution A (g/mL)
CU= concentration of Tincture in the Sample solution (mL/mL)
Calculate the content of total capsaicinoids as the sum of the percentages of capsaicin,
dihydrocapsaicin, nordihydrocapsaicin, nonivamide, decanylvanillinamide, and
homocapsaicin.
Acceptance criteria: NLT 0.02%
OTHER COMPONENTS
• Alcohol Determination, Method I
amount of C2 H5 OH

611 : NLT 90.0% and NMT 110.0% of the labeled

CONTAMINANTS
• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

SPECIFIC TESTS
• Limit of Nonivamide
Analysis: Use the chromatograms and calculations obtained in the test for Content of
Total Capsaicinoids.
Calculate the content of nonivamide as a percentage of total capsaicinoids:
Result = (PN/PTC) × 100
PN= percentage of nonivamide as calculated in the Content of Total Capsaicinoids
PTC
= percentage of total capsaicinoids as calculated in the Content of Total Capsaicinoids
Acceptance criteria: NMT 5%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at room
temperature.
• Labeling: The label states the official name of the article, the Latin binomial, and the part of
the plant from which the article was prepared. Label it to indicate the content of
capsaicinoids, the solvent mixture used for extraction, and the ratio of the starting crude
plant material to Tincture.
• USP Reference Standards
USP Capsaicin RS
USP Dihydrocapsaicin RS

11

NF32

BRIEFING
Echinacea angustifolia, USP 35 page 1265; Powdered Echinacea angustifolia, USP 35 page
1267; Powdered Echinacea angustifolia Extract, USP 35 page 1269. It is proposed to
revise the Definition to limit the content of total phenols to the content of echinacoside and
dicaffeoylquinic acid, the specific markers for this species, and chlorogenic acid, thus
removing the requirement to include caftaric acid and chicoric acid in the test for Content of
Total Phenols, since these may be absent or present in very low amount in Echinacea
angustifolia. It is proposed to revise the Identification tests and include the use of new USP
reference materials for echinacoside, caftaric acid and
the TLC tests and the limits for Heavy Metals.

-sitosterol. It is proposed to revise

(DS: M. Sharaf.)
Correspondence Number—C119045

Comment deadline: January 31, 2013
Echinacea angustifolia
DEFINITION
Change to read:
Echinacea angustifolia consists of the dried rhizome and roots of Echinacea angustifolia DC.
(Asteraceae). It is harvested in the fall after 1 or more years of growth. It contains NLT 0.5%
of total phenols, calculated on the dried basis as the sum of caftaric acid (C13 H12 O9 ), chicoric
acid (C22 H18 O12 ), chlorogenic acid (C16 H18 O9 ), dicaffeoylquinic acids (C25 H24 O12 ), and
echinacoside (C35 H46 O20 ). It contains NLT 0.075% of dodecatetraenoic acid isobutylamides
(C16 H25 NO) on the dried basis.
Echinacea angustifolia consists of the dried rhizome and roots of Echinacea angustifolia DC.
(Fam. Asteraceae). It is harvested in the fall after one or more years of growth. It contains
NLT 0.5% of total phenols, calculated on the dried basis as the sum of echinacoside
(C35 H46 O20 ), dicaffeoylquinic acid (C25 H24 O12 ), and chlorogenic acid (C16 H18 O9 ). It contains
NLT 0.075% of dodecatetraenoic acid isobutylamides (C16 H25 NO) on the dried basis. USP37
IDENTIFICATION
Delete the following:
• A. Presence of Echinacoside and Dicaffeoylquinic Acids (cynarin(e))
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Standard solution A: 20 mg/mL of USP Powdered Echinacea angustifolia Extract RS in
methanol
Standard solution B: 1 mg/mL of 1,3-dicaffeoylquinic acid in methanol
Sample solution: Weigh and finely pulverize 10 g of Echinacea angustifolia, and transfer
about 1 g of the powder to a suitable extraction thimble. Transfer the thimble to a
continuous extraction apparatus, and extract with 50 mL of chloroform for 1 h. Retain the
chloroform extract for Identification test B. Continue the extraction with 50 mL of
methanol, and concentrate to a small volume at 40 in vacuum. With the aid of methanol,
transfer the extract to a 10-mL volumetric flask, and dilute with methanol to volume.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10 µL
Developing solvent system: Ethyl acetate, formic acid, and water (17:2:1)
Spray reagent A: 10 mg/mL of diphenylborinic acid, ethanolamine ester in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Spray the plate with Spray reagent A followed by Spray reagent
B, and then examine the plate under UV light at 365 nm.
Acceptance criteria: The chromatogram obtained from the Sample solution shows a
yellowish zone at an RF value of 0.14 characteristic of echinacoside (absent or only traces
present in Echinacea purpurea) that corresponds in color and RF value to that in the
chromatogram of Standard solution A, and another zone characteristic of 1,3dicaffeoylquinic acid (absent in Echinacea pallida and Echinacea purpurea) corresponding
in color and RF value to that in the chromatogram of Standard solution B. Other colored
zones of varying intensities may be observed in the chromatogram of the Sample solution
USP37

Delete the following:
• B. Presence of Isobutylalkenylamides
Standard solution A: Transfer a quantity of USP Powdered Echinacea angustifolia Extract
RS to a centrifuge tube, and add chloroform to obtain a solution having a known
concentration of about 100 mg/mL. Shake by hand to disperse, sonicate for 5 min, and
centrifuge. Use the supernatant.
Standard solution B: 1 mg/mL of -sitosterol in methanol
Sample solution: Evaporate the chloroform extract retained from preparation of the
Sample solution in Identification test A to dryness at 40 in vacuum. To the residue, add 1
mL of alcohol, and pass through a nylon membrane filter of 0.45-µm pore size.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10 µL
Developing solvent system: Hexane and ethyl acetate (2:1)
Spray reagent: Prepare a mixture of glacial acetic acid, sulfuric acid, and p-anisaldehyde
(10:5:0.5) in an ice bath
Analysis
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Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Examine the plate under UV light at 254 nm, and then spray the
plate with Spray reagent, and heat the plate at 100 for 5 min.
Acceptance criteria
Under UV light at 254 nm: The chromatogram obtained from the Sample solution shows
one main zone at an RF value of about 0.25 due to 2E,4E,8Z,10E-dodecatetraenoic acid
isobutylamide and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide (absent in
Echinacea pallida) that corresponds in RF value to that in the chromatogram of Standard
solution A.
After treatment with Spray reagent and heating: The chromatogram obtained from the
Sample solution shows a zone due to -sitosterol that corresponds in RF value to the
principal spot in the chromatogram of Standard solution B. Below this spot, there is a zone
due to dodeca-2E,4E,8Z,10E-tetraenoic acid isobutylamide and to dodeca-2E,4E,8Z,10Ztetraenoic acid isobutylamide that corresponds in RF value to that in the chromatogram of
Standard solution A; and below this spot, there are several yellowish zones due to , unsaturated isobutylamides (absent in Echinacea pallida and mostly violet in Echinacea
purpurea due to the presence of , , , -unsaturated isobutylamides) that are not
visible or are very weak when viewed under UV light at 254 nm. USP37
Add the following:
• A. Thin-Layer Chromatography
Presence of echinacoside and dicaffeoylquinic acid (cynarin(e))
Standard solution A: 0.2 mg/mL of USP Echinacoside RS and 0.2 mg/mL of
dicaffeoylquinic acid (cynarin) in methanol
Standard solution B: 0.05 mg/mL of USP Caftaric Acid RS, 0.1 mg/mL of USP Chlorogenic
Acid RS, and 0.05 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea angustifolia Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: Transfer 1 g of finely pulverized Echinacea angustifolia to a centrifuge
tube, add 10 mL of methanol, mix well, and sonicate for 10 min. Centrifuge, and use the
supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL Standard solution C and Sample solution, and 2 µL Standard
solution A and Standard solution B as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water,
and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
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Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, heat at 100 for 5 min, derivatize the plate while still warm with
Derivatization reagent, dry in air, and examine under UV light at 366 nm.
System suitability: Standard solution A shows two major blue bands, one in the lower
third of the chromatogram due to echinacoside, and the other band in the middle section
of the chromatogram due to dicaffeoylquinic acid (cynarin). Standard solution B shows
two major blue bands at about the middle of the chromatogram due to caftaric acid
(lower RF) and chlorogenic acid (higher RF) that are clearly separated, and a blue band
for chicoric acid in the upper third section of the chromatogram.
Acceptance criteria: The most prominent band in the Sample solution chromatogram is a
blue band in the lower third section of the chromatogram at an RF corresponding to the
echinacoside band in the chromatogram of Standard solution A and Standard solution C
(absent in Echinacea purpurea). The Sample solution chromatogram exhibits a prominent
greenish blue band in the middle section of the chromatogram at an RF corresponding to
the dicaffeoylquinic acid (cynarin) band in the chromatogram of Standard solution A and
Standard solution C (absent in Echinacea pallida and Echinacea purpurea). The Sample
solution chromatogram does not exhibit, or exhibits very faint blue bands at an RF
corresponding to the caftaric acid and chicoric acid bands in Standard solution B
(difference from Echinacea pallida and Echinacea purpurea). The Sample solution
chromatogram exhibits minor bands between the positions of echinacoside and cynarin.
One of these is due to chlorogenic acid at an RF corresponding to that of chlorogenic
acid in Standard solution B.
USP37

Add the following:
• B. Thin-Layer Chromatography
Presence of alkylamides
Standard solution A: 0.2 mg/mL of USP -Sitosterol RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Echinacea angustifolia Extract RS in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Sample solution: Transfer 1 g of finely pulverized Echinacea angustifolia to a centrifuge
tube, add 10 mL of dichloromethane, mix well, and sonicate for 10 min. Centrifuge, and
use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL Standard solution B and Sample solution, and 2 µL Standard
solution A as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene, ethyl acetate, cyclohexane, and
formic acid (8: 2: 1: 0.3)
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Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, slowly
and carefully add 10 mL of acetic acid and 5 mL of sulfuric acid, and mix well. Allow
the mixture to cool to room temperature, then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min,
set aside to cool, and examine under visible light.
System suitability: The -sitosterol band of the Standard solution B chromatogram and
the two bands below are clearly separated from one another. These two bands, in
decreasing RF, include a major blue violet band and a yellow band.
Acceptance criteria: The most prominent band of the Sample solution chromatogram is a
blue violet band in the lower-third section of the chromatogram (much less prominent in
Echinacea purpurea and absent in Echinacea pallida). This blue violet band is between
two bands: a less prominent blue violet band at a higher RF corresponding to the sitosterol band in the chromatograms of Standard solution A and Standard solution B,
and a characteristic yellow band at a lower RF (absent in Echinacea purpurea and
Echinacea pallida). The yellow band turns reddish pink when the plate is heated at 100
for more than 10 min. The Sample solution chromatogram exhibits a minor pink-violet
band at about the middle of the chromatogram (much more prominent in Echinacea
purpurea), a minor pink-violet band at about two-thirds of the chromatogram (much
more prominent in Echinacea pallida), and a broad pink-violet band close to the solvent
front.
USP37

Change to read:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
echinacoside peak of Standard solution A
and Standard solution B; USP37
and the retention time of the peak for 1,3-dicaffeoylquinic acid from the Sample solution
corresponds to that of Standard solution A, all peaks as obtained in the test for Content of
Total Phenols.
COMPOSITION
Change to read:
• Content of Total Phenols
Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
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13
78
22
14
60
40
17
60
40
17.5
90
10
22
90
10
Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea angustifolia Extract RS in Solvent,
shaking and heating in a water bath. Dilute with Solvent to obtain a solution having a
known concentration of 1 mg/mL. Pass through a membrane filter having a 0.45-µm or
finer pore size.
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent
40 µg/mL of USP Chlorogenic Acid RS in Solvent
Standard solution C: 80 µg/mL of USP Echinacoside RS in Solvent USP37
Sample solution: Transfer about 125 mg of finely powdered Echinacea angustifolia
(capable of passing through a 40-mesh sieve), accurately weighed, to a round-bottom
flask equipped with a condenser. Add 25.0 mL of Solvent, and heat under reflux, while
shaking by mechanical means for 15 min. Centrifuge, or pass through a membrane filter
having a 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Standard solution C USP37
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for total phenols provided with the USP Powdered
Echinacea angustifolia Extract RS.
Resolution: NLT 1.0 between the 1,3-dicaffeoylquinic acid isomer and echinacoside,
Standard solution A
Capacity factor (k¢ ): NLT 3.0 from Standard solution B
Standard solution C USP37
Tailing factor: NMT 2.0 for the chlorogenic acid peak, Standard solution B
echinacoside peak, Standard solution C USP37
Relative standard deviation: NMT 2.5% for the chlorogenic acid peak in repeated
injections, Standard solution B
echinacoside peak in repeated injections, Standard solution C USP37
Analysis
Samples: Standard solution A, Standard solution B,
Standard solution C, USP37
and Sample solution
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Identify the relevant analytes in the chromatogram from the Sample solution by
comparison with the chromatogram from Standard solution A. Measure the areas for the
relevant peaks.
Separately calculate the percentage of caftaric acid (C13 H12 O9 ), chicoric acid
(C22 H18 O12 ),
USP37

chlorogenic acid (C16 H18 O9 ), dicaffeoylquinic acids (C25 H24 O12 ), and echinacoside
(C35 H46 O20 ) in the portion of Echinacea angustifolia taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak response for the relevant analyte from the Sample solution
rS= peak response for chlorogenic acid from Standard solution B
or echinacoside from the corresponding Standard solution. USP37
C=
S concentration of USP Chlorogenic Acid RS in Standard solution B
chlorogenic acid or echinacoside in the corresponding Standard solution USP37
(mg/mL)
V= volume of the Sample solution (mL)
W= weight of Echinacea angustifolia taken to prepare the Sample solution (mg)
F= response factor and is equal to 0.695 for chicoric acid, 0.729 for dicaffeoylquinic
acids, 0.881 for caftaric acid, 1.000 for chlorogenic acid, and 2.220 for echinacoside
0.729 for dicaffeoylquinic acids, relative to chlorogenic acid, 1.00 for chlorogenic acid,
and 1.00 for echinacoside USP37
Calculate the percentage of total phenols in the portion of Echinacea angustifolia taken
by adding the individual percentages calculated.
Acceptance criteria: NLT 0.5% of total phenols on the dried basis
• Content of Dodecatetraenoic Acid Isobutylamides
Mobile phase: Acetonitrile and water (55:45)
Standard solution A: Dissolve, with sonication, USP Powdered Echinacea angustifolia
Extract RS in methanol, shaking for 10 min, and dilute with methanol to obtain a solution
having a concentration of 5 mg/mL. Pass through a membrane filter having a 0.45-µm or
finer pore size.
Standard solution B: 10 µg/mL of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in
methanol
Sample solution: Transfer about 2.5 g, accurately weighed, of finely powdered Echinacea
angustifolia (capable of passing through a 40-mesh sieve) to a round-bottom flask. Add 80
mL of methanol, and reflux for 30 min. Cool to room temperature, and filter into a 100-mL
volumetric flask, using small portions of methanol to rinse the flask and the filter. Dilute
with methanol to volume. Pass through a membrane filter having a 0.45-µm or finer pore
size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 25 µL
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System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the reference chromatogram for alkamides provided with USP Powdered Echinacea
angustifolia Extract RS.
Resolution: NLT 1.0 between dodecatetraenoic acid isobutylamide peaks, Standard
solution A
Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid isobutylamide peak, Standard
solution B
Relative standard deviation: NMT 2.5% for the 2E,4E-hexadienoic acid isobutylamide
peak in repeated injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the peaks due to 2E,4E,8Z,10E-dodecatetraenoic acid isobutylamide and
2E,4E,8Z,10Z-dodecatetraenoic acid isobutylamide in the chromatogram from the Sample
solution by comparison with the chromatogram from Standard solution A. Measure the
areas for the relevant peaks.
Calculate the percentage of dodecatetraenoic acid isobutylamides in the portion of
Echinacea angustifolia taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= sum of the peak responses of the relevant analytes from the Sample solution
rS= peak response for 2E,4E-hexadienoic acid isobutylamide from Standard solution B
C=
S concentration of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in Standard solution B
(mg/mL)
V= volume of the Sample solution (mL)
W= weight of Echinacea angustifolia taken to prepare the Sample solution (mg)
F= response factor for 2E,4E-hexadienoic acid isobutylamide, 1.353
Acceptance criteria: NLT 0.075% of dodecatetraenoic acid isobutylamides (C16 H25 NO) on
the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 10 ppm

USP37

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g
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USP37

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

PF 38(6): Nov.-Dec. 2012

201

SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: The outer surface of the rhizome is pale to yellowish brown, crowned with
remains of the aerial stem, and sometimes showing surface annulations up to 15 mm in
diameter. The roots are also pale to yellowish brown, cylindrical or slightly tapering,
sometimes spirally twisted, longitudinally wrinkled and deeply furrowed, up to 4–10 mm in
diameter, and passing imperceptibly into rhizome. The fracture is short when dry and
becomes tough and pliable on exposure to air.
Microscopic: The rhizomes and roots in transverse section show a thin outer bark
separated from a wide xylem by a distinct cambial line. The cork is composed of several
rows of thin-walled cells containing yellowish-brown pigment. The rhizome has a small
circular pith, occasional small groups of thick-walled, lignified fibers in the pericycle, and a
parenchymatous cortex. The phloem and xylem are composed of narrow strands of
vascular tissue separated by wide, nonlignified medullary rays. Xylem vessels are lignified,
25–75 µm in diameter, usually with reticulate thickening but occasionally with spiral or
annular thickening. Sclereids occur singly or in small groups, varying considerably in size
and shape from rounded to rectangular to elongated and fiber-like, up to 300 µm long and
20–40 µm wide, with intercellular spaces forming schizogenous oleoresin canals that are
80–150 µm in diameter and contain a dense black deposit. The canals are present outside
of the central cylinder only (unlike Echinacea pallida, where they are present both inside
and outside of the central cylinder). Spherocrystalline masses of inulin occur throughout
the parenchymatous tissues. Lignified fibers, 300–800 µm long, are present in scattered
groups, and are usually surrounded by phytomelanin (unlike fibers in Echinacea pallida,
where they usually occur singly in the periphery of the cortex and are 100–300 µm long,
with phytomelanin often absent).
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 3.0%

• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 4.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in well-closed, light-resistant containers.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
Change to read:
• USP Reference Standards 11
USP Caftaric Acid RS
USP Chicoric Acid RS USP37
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS USP37
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
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USP37

BRIEFING
Powdered Echinacea angustifolia, USP 35 page 1267. See Briefing under Echinacea
angustifolia.
(DS: M. Sharaf.)
Correspondence Number—C119141

Comment deadline: January 31, 2013
Powdered Echinacea angustifolia
DEFINITION
Change to read:
Powdered Echinacea angustifolia is Echinacea angustifolia reduced to a powder or very fine
powder.
Powdered Echinacea angustifolia consists of the dried rhizome and roots of Echinacea
angustifolia DC. (Fam. Asteraceae) harvested in the fall after one or more years of growth
reduced to powder. It contains NLT 0.5% of total phenols, calculated on the dried basis as the
sum of echinacoside (C35 H46 O20 ), dicaffeoylquinic acid (C25 H24 O12 ), and chlorogenic acid
(C16 H18 O9 ). It contains NLT 0.075% of dodecatetraenoic acid isobutylamides (C16 H25 NO) on
the dried basis.
USP37

IDENTIFICATION
Delete the following:
• A. Presence of Echinacoside and Dicaffeoylquinic Acids (cynarin(e))
Standard solution A: 20 mg/mL of USP Powdered Echinacea angustifolia Extract RS in
methanol
Standard solution B: 1 mg/mL of 1,3-dicaffeoylquinic acid in methanol
Sample solution: Transfer about 1 g of Powdered Echinacea angustifolia to a suitable
extraction thimble. Transfer the thimble to a continuous extraction apparatus, and extract
with 50 mL of chloroform for 1 h. Retain the chloroform extract for Identification test B.
Continue the extraction with 50 mL of methanol, and concentrate to a small volume at 40
in vacuum. With the aid of methanol, transfer the extract to a 10-mL volumetric flask, and
dilute with methanol to volume.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10 µL
Developing solvent system: Ethyl acetate, formic acid, and water (17:2:1)
Spray reagent A: 10 mg/mL of diphenylborinic acid, ethanolamine ester in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
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Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Spray the plate with Spray reagent A followed by Spray reagent
B, and examine the plate under UV light at 365 nm.
Acceptance criteria: The chromatogram obtained from the Sample solution shows a
yellowish zone at an RF value of 0.14 characteristic of echinacoside (absent or only traces
present in Echinacea purpurea) that corresponds in color and RF value to that in the
chromatogram of Standard solution A, and another zone characteristic of 1,3dicaffeoylquinic acid (absent in Echinacea pallida and Echinacea purpurea) corresponding
in color and RF value to that in the chromatogram of Standard solution B. Other colored
zones of varying intensities may be observed in the chromatogram of the Sample solution.
USP37

Delete the following:
• B. Presence of Isobutylalkenylamides
Standard solution A: Transfer a quantity of USP Powdered Echinacea angustifolia Extract
RS to a centrifuge tube, and add chloroform to obtain a solution of about 100 mg/mL.
Shake by hand to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Standard solution B: 1 mg/mL of -sitosterol in methanol
Sample solution: Evaporate the chloroform extract retained from preparation of the
Sample solution in Identification test A to dryness at 40 in vacuum. To the residue add 1
mL of alcohol, and pass through a nylon membrane filter having a pore size of 0.45 µm.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10 µL
Developing solvent system: Hexane and ethyl acetate (2:1)
Spray reagent: Prepare a mixture of glacial acetic acid, sulfuric acid, and p-anisaldehyde
(10:5:0.5) in an ice bath.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Examine the plate under UV light at 254 nm. Spray the plate with
Spray reagent, and then heat the plate at 100 for 5 min.
Acceptance criteria
Under UV light: The chromatogram obtained from the Sample solution shows one main
zone at an RF value of about 0.25 due to 2E,4E,8Z,10E-dodecatetraenoic acid
isobutylamide and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide (absent in E.
pallida) that corresponds in RF value to that in the chromatogram of Standard solution A.
After treatment with Spray reagent and heating: The chromatogram obtained from the
Sample solution shows a zone due to -sitosterol that corresponds in RF value to the
principal spot in the chromatogram of Standard solution B. Below this spot, there is a zone
due to dodeca-2E,4E,8Z,10E-tetraenoic acid isobutylamide and to dodeca-2E,4E,8Z,10Ztetraenoic acid isobutylamide that corresponds in RF value to that in the chromatogram of
Standard solution A; and below this spot, there are several yellowish zones due to , unsaturated isobutylamides (absent in Echinacea pallida and mostly violet in Echinacea
purpurea due to the presence of

, , ,

-unsaturated isobutylamides) that are not
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Add the following:
• A. Thin-Layer Chromatography
Presence of echinacoside and dicaffeoylquinic acid (cynarin(e))
Standard solution A: A mixture of 0.2 mg/mL of USP Echinacoside RS and 0.2 mg/mL of
dicaffeoylquinic acid (cynarin) in methanol
Standard solution B: 0.05 mg/mL of USP Caftaric Acid RS, 0.1 mg/mL of USP Chlorogenic
Acid RS, and 0.05 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea angustifolia Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: Transfer 1 g of Powdered Echinacea angustifolia to a centrifuge tube,
add 10 mL of methanol, mix well, and sonicate for 10 min. Centrifuge, and use the
supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL Standard solution C and Sample solution, and 2 µL Standard
solution A and Standard solution B, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water,
and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, heat at 100 for 5 min, derivatize the plate while still warm with
Derivatization reagent, dry in air, and examine under UV light at 366 nm.
System suitability: Standard solution A shows two major blue bands, one in the lower
third of the chromatogram due to echinacoside, and the other band in the middle section
of the chromatogram due to dicaffeoylquinic acid (cynarin). Standard solution B shows
two major blue bands at about the middle of the chromatogram due to caftaric acid
(lower RF) and chlorogenic acid (higher RF) that are clearly separated, and a blue band
for chicoric acid in the upper third section of the chromatogram.
Acceptance criteria: The most prominent band in the Sample solution chromatogram is a
blue band in the lower third section of the chromatogram at an RF corresponding to the
echinacoside band in the chromatogram of Standard solution A and Standard solution C
(absent in Echinacea purpurea). The Sample solution chromatogram exhibits a prominent
greenish blue band in the middle section of the chromatogram at an RF corresponding to
the dicaffeoylquinic acid (cynarin) band in the chromatogram of Standard solution A and
Standard solution C (absent in Echinacea pallida and Echinacea purpurea). The Sample
solution chromatogram does not exhibit, or exhibits very faint blue bands at an RF
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corresponding to the caftaric acid and chicoric acid bands in Standard solution B
(difference from Echinacea pallida and Echinacea purpurea). The Sample solution
chromatogram exhibits minor bands between the positions of echinacoside and cynarin.
One of these is due to chlorogenic acid at an RF corresponding to that of chlorogenic
acid in Standard solution B.
USP37

Add the following:
• B. Thin-Layer Chromatography
Presence of alkylamides
Standard solution A: 0.2 mg/mL of USP -Sitosterol RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Echinacea angustifolia Extract RS in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Sample solution: Transfer 1 g of Powdered Echinacea angustifolia to a centrifuge tube,
add 10 mL of dichloromethane, mix well, and sonicate for 10 min. Centrifuge, and use
the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL Standard solution B and Sample solution, and 2 µL Standard
solution A as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene, ethyl acetate, cyclohexane, and
formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, slowly
and carefully add 10 mL of acetic acid and 5 mL of sulfuric acid, and mix well. Allow
the mixture to cool to room temperature, then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min,
dry in air, and examine under visible light.
System suitability: The -sitosterol band of the Standard solution B chromatogram and
the two bands underneath are clearly separated from one another. These two bands, in
decreasing RF, include a major blue violet band and a yellow band.
Acceptance criteria: The most prominent band of the Sample solution chromatogram is a
blue violet band in the lower-third section of the chromatogram (much less prominent in
Echinacea purpurea and absent in Echinacea pallida). This blue violet band is between
two bands: a less prominent blue violet band at a higher RF corresponding to the sitosterol band in the chromatograms of Standard solution A and Standard solution B,
and a characteristic yellow band at a lower RF (absent in Echinacea purpurea and
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Echinacea pallida). The yellow band turns reddish pink when the plate is heated at 100
for more than 10 min. The Sample solution chromatogram exhibits a minor pink-violet
band at about the middle of the chromatogram (much more prominent in Echinacea
purpurea), a minor pink-violet band at about two-thirds of the chromatogram (much
more prominent in Echinacea pallida), and a broad pink-violet band close to the solvent
front.
USP37

Change to read:
• C. In the test for Content of Total Phenols the retention time of the major peak of the
Sample solution corresponds to that of the echinacoside peak of Standard solution A, and
a peak is detected at the retention time for 1,3-dicaffeoylquinic acid from the Sample
solution corresponding to that of Standard solution A.
The retention time of the major peak of the Sample solution corresponds to that of the
echinacoside peak of Standard solution A and Standard solution B, and the retention time
of the 1,3-dicaffeoylquinic acid peak from the Sample solution corresponds to that of
Standard solution A, all peaks as obtained in the test for Content of Total Phenols. USP37
COMPOSITION
Change to read:
• Content of Total Phenols
Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
13
78
22
14
60
40
17
60
40
17.5
90
10
22
90
10
Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea angustifolia Extract RS in Solvent,
shaking and heating in a water bath. Dilute with Solvent to obtain a solution having a
known concentration of 1 mg/mL. Pass through a membrane filter having a 0.45-µm or
finer pore size.
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent
Standard solution C: 80 µg/mL of USP Echinacoside RS in Solvent USP37
Sample solution: Transfer about 125 mg of Powdered Echinacea angustifolia (capable of
passing through a 40-mesh sieve), accurately weighed, to a round-bottom flask equipped
with a condenser. Add 25.0 mL of Solvent, and heat under reflux while shaking by
mechanical means for 15 min. Centrifuge, or pass through a membrane filter having a
0.45-µm or finer pore size.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Standard solution C USP37
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for total phenols provided with the USP Powdered
Echinacea angustifolia Extract RS.
Resolution: NLT 1.0 between the 1,3-dicaffeoylquinic acid isomer and echinacoside
peaks, Standard solution A
Capacity factor (k¢ ): NLT 3.0, Standard solution B
Standard solution C USP37
Tailing factor: NMT 2.0 for the chlorogenic acid peak, Standard solution B
echinacoside peak, Standard solution C USP37
Relative standard deviation: NMT 2.5% for the chlorogenic acid peak in repeated
injections, Standard solution B
echinacoside peak in repeated injections, Standard solution C USP37
Analysis
Samples: Standard solution A, Standard solution B,
Standard solution C, USP37
and Sample solution
Identify the relevant analytes in the chromatogram from the Sample solution by
comparison with the chromatogram from Standard solution A. Measure the areas for the
relevant peaks.
Separately calculate the percentage of caftaric acid (C13 H12 O9 ), chicoric acid
(C22 H18 O12 ),
USP37

chlorogenic acid (C16 H18 O9 ), dicaffeoylquinic acids (C25 H24 O12 ), and echinacoside
(C35 H46 O20 ) in the portion of Powdered Echinacea angustifolia taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak response for the relevant analyte from the Sample solution
rS= peak response for USP Chlorogenic Acid RS in Standard solution B
chlorogenic acid or echinacoside from the corresponding Standard solution USP37
C=
S concentration of USP Chlorogenic Acid RS in Standard solution B
chlorogenic acid or echinacoside in the corresponding Standard solution USP37
(mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Echinacea angustifolia used to prepare the Sample solution (mg)
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F= response factor: 0.695 for chicoric acid, 0.729 for dicaffeoylquinic acids, 0.881 for
caftaric acid, 1.000 for chlorogenic acid, and 2.220 for echinacoside
0.729 for dicaffeoylquinic acids, relative to chlorogenic acid, 1.00 for chlorogenic acid,
and 1.00 for echinacoside USP37

Calculate the percentage of total phenols in the portion of Powdered Echinacea
angustifolia taken by adding the individual percentages calculated.
Acceptance criteria: NLT 0.5% of total phenols on the dried basis
• Content of Dodecatetraenoic Acid Isobutylamides
Standard solution A: Dissolve, with sonication, USP Powdered Echinacea angustifolia
Extract RS in methanol, shaking for 10 min, and dilute with methanol to obtain a solution
having a concentration of 5 mg/mL. Pass through a membrane filter having a 0.45-µm or
finer pore size.
Standard solution B: 10 µg/mL of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in
methanol
Sample solution: Transfer about 2.5 g of Powdered Echinacea angustifolia (capable of
passing through a 40-mesh sieve), accurately weighed, into a round-bottom flask. Add 80
mL of methanol, and reflux for 30 min. Cool to room temperature, and filter into a 100-mL
volumetric flask, using small portions of methanol to rinse the flask and the filter. Dilute
with methanol to volume. Pass through a membrane filter having a 0.45-µm or finer pore
size.
Mobile phase: Acetonitrile and water (55:45)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for alkamides provided with USP Powdered Echinacea
angustifolia Extract RS.
Resolution: NLT 1.0 between dodecatetraenoic acid isobutylamide peaks, Standard
solution A
Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid isobutylamide peak, Standard
solution B
Relative standard deviation: NMT 2.5% for the 2E,4E-hexadienoic acid isobutylamide
peak in repeated injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the peaks due to 2E,4E,8Z,10E-dodecatetraenoic acid isobutylamide and
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2E,4E,8Z,10Z-dodecatetraenoic acid isobutylamide in the chromatogram from the Sample
solution by comparison with the chromatogram from Standard solution A. Measure the
areas for the relevant peaks.
Calculate the percentage of dodecatetraenoic acid isobutylamides in the portion of
Powdered Echinacea angustifolia taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= sum of the peak responses of the relevant analytes from the Sample solution
rS= peak response of 2E,4E-hexadienoic acid isobutylamide from the Standard solution B
C=
S concentration of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in Standard solution B
(mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Echinacea angustifolia used to prepare the Sample solution (mg)
F= response factor for 2E,4E-hexadienoic acid isobutylamide, 1.353
Acceptance criteria: NLT 0.075% of dodecatetraenoic acid isobutylamides (C16 H25 NO) on
the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III 231 : NMT 10 ppm

USP37

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

USP37

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

SPECIFIC TESTS
• Botanic Characteristics: Powdered Echinacea angustifolia is a brown powder with a slight
aromatic odor and a sweet taste that quickly becomes bitter, leaving a tingling sensation
on the tongue. Under a microscope, the following characteristics are observed: thin-walled
polygonal cork cells with red-brown contents; lignified reticulate vessels; abundant stone
cells of various shapes; fragments of oleoresin canals with reddish-brown contents; and
abundant thin-walled parenchyma with spherocrystalline masses of inulin.
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 4.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
Change to read:
• USP Reference Standards 11
USP Caftaric Acid RS
USP Chicoric Acid RS USP37
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS USP37
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP

-Sitosterol RS

USP37

BRIEFING
Powdered Echinacea angustifolia Extract, USP 35 page 1269. See Briefing under Echinacea
angustifolia.
(DS: M. Sharaf.)
Correspondence Number—C119143

Comment deadline: January 31, 2013
Powdered Echinacea angustifolia Extract
DEFINITION
Change to read:
Powdered Echinacea angustifolia Extract is prepared from Echinacea angustifolia roots by
extraction with hydroalcoholic mixtures or other suitable solvents. The ratio of the starting
crude plant material to Powdered Extract is 2:1–8:1. It contains NLT 4.0% and NMT 5.0% of
total phenols, calculated on the dried basis as the sum of caftaric acid (C13 H12 O9 ), chicoric
acid (C22 H18 O12 ),
USP37

chlorogenic acid (C16 H18 O9 ), dicaffeoylquinic acids (C25 H24 O12 ), and echinacoside
(C35 H46 O20 ). It contains NLT 0.1% of dodecatetraenoic acid isobutylamides (C16 H25 NO) on the
dried basis.
IDENTIFICATION
Delete the following:
• A. Presence of Isobutylalkenylamides
Standard solution A: Transfer a quantity of USP Powdered Echinacea angustifolia Extract
RS to a centrifuge tube, and add chloroform to obtain a solution having a known
concentration of about 100 mg/mL. Shake by hand to disperse, sonicate for 5 min, and
centrifuge. Use the supernatant.
Standard solution B: 1 mg/mL of -sitosterol in methanol
Sample solution: 100 mg/mL of Powdered Extract in methanol. Allow to stand for 15 min
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before use.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long µm
(TLC plates)
Application volume: 10 µL
Developing solvent system: Hexane and ethyl acetate (2:1)
Spray reagent: Prepare a mixture of glacial acetic acid, sulfuric acid, and p-anisaldehyde
(10:5:0.5) in an ice bath
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Examine the plate under UV light at 254 nm, and then spray the
plate with Spray reagent, and heat the plate at 100 for 5 min.
Acceptance criteria
Under UV 254 nm: The chromatogram obtained from the Sample solution shows one main
zone at an RF value of about 0.25 due to 2E,4E,8Z,10E-dodecatetraenoic acid
isobutylamide and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide (absent in E.
pallida) that corresponds in RF value to that in the chromatogram of Standard solution A.
After treatment with Spray reagent: The chromatogram obtained from the Sample solution
shows a zone due to -sitosterol that corresponds in RF value to the principal spot in the
chromatogram of Standard solution B. Below this spot, there is a zone due to dodeca2E,4E,8Z,10E-tetraenoic acid isobutylamide and to dodeca-2E,4E,8Z,10Z-tetraenoic acid
isobutylamide that corresponds in RF value to that in the chromatogram of Standard
solution A; and below this spot, there are several yellowish zones due to , -unsaturated
isobutylamides (absent in Echinacea pallida and mostly violet in Echinacea purpurea due
to the presence of , , , -unsaturated isobutylamides) that are not visible or are very
weak when viewed under UV light at 254 nm. USP37
Add the following:
• A. Thin-Layer Chromatography
Presence of echinacoside and dicaffeoylquinic acid (cynarin(e))
Standard solution A: A mixture of 0.2 mg/mL of USP Echinacoside RS and 0.2 mg/mL of
dicaffeoylquinic acid (cynarin) in methanol
Standard solution B: 0.05 mg/mL of USP Caftaric Acid RS, 0.1 mg/mL of USP Chlorogenic
Acid RS, and 0.05 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea angustifolia Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: 20 mg/mL of Powdered Echinacea angustifolia Extract in methanol.
Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL Standard solution C and Sample solution, and 2 µL Standard
solution A and Standard solution B as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
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Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water,
and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, heat at 100 for 5 min, derivatize the plate while still warm with Derivatization
reagent, dry in air, and examine under UV light at 366 nm.
System suitability: Standard solution A shows two major blue bands, one in the lower
third of the chromatogram due to echinacoside, and the other band in the middle section
of the chromatogram due to dicaffeoylquinic acid (cynarin). Standard solution B shows
two major blue bands at about the middle of the chromatogram due to caftaric acid
(lower RF) and chlorogenic acid (higher RF) that are clearly separated, and a blue band
for chicoric acid in the upper third of the chromatogram.
Acceptance criteria: The most prominent band in the Sample solution chromatogram is a
blue band in the lower third of the chromatogram at an RF corresponding to the
echinacoside band in the chromatograms of Standard solution A and Standard solution C
(absent in Echinacea purpurea). The Sample solution chromatogram exhibits a prominent
greenish blue band in the middle section of the chromatogram at an RF corresponding to
the dicaffeoylquinic acid (cynarin) band in the chromatograms of Standard solution A
and Standard solution C (absent in Echinacea pallida and Echinacea purpurea). The
Sample solution chromatogram does not exhibit, or exhibits very faint blue bands at an
RF corresponding to the caftaric acid and chicoric acid bands in Standard solution B
(difference from Echinacea pallida and Echinacea purpurea). The Sample solution
chromatogram exhibits minor bands between the positions of echinacoside and cynarin.
One of these is due to chlorogenic acid at an RF corresponding to that of chlorogenic
acid in Standard solution B.
USP37

Add the following:
• B. Thin-Layer Chromatography
Presence of alkylamides
Standard solution A: 0.2 mg/mL of USP -Sitosterol RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Echinacea angustifolia Extract RS in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Sample solution: 100 mg/mL of Powdered Echinacea angustifolia Extract in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
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Application volume: 5 µL Standard solution B and Sample solution, and 2 µL Standard
solution A as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene, ethyl acetate, cyclohexane, and
formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, slowly
and carefully add 10 mL of acetic acid and 5 mL of sulfuric acid, and mix well. Allow
the mixture to cool to room temperature, then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min, dry
in air, and examine under visible light.
System suitability: The -sitosterol band of the Standard solution B chromatogram and
the two bands underneath are clearly separated from one another. These two bands, in
decreasing RF, include a major blue violet band and a yellow band.
Acceptance criteria: The most prominent band of the Sample solution chromatogram is a
blue violet band in the lower-third section of the chromatogram (much less prominent in
Echinacea purpurea and absent in Echinacea pallida). This blue violet band is between
two bands. A less prominent blue violet band at a higher RF corresponding to the sitosterol band in the chromatograms of Standard solution A and Standard solution B,
and a characteristic yellow band at a lower RF (absent in Echinacea purpurea and
Echinacea pallida). The yellow band turns reddish pink when the plate is heated at 100
for more than 10 min. The Sample solution chromatogram exhibits a minor pink-violet
band at about the middle of the chromatogram (much more prominent in Echinacea
purpurea), a minor pink-violet band at about two-thirds of the chromatogram (much
more prominent in Echinacea pallida), and a broad pink-violet band close to the solvent
front.
USP37

Change to read:
• B.
C. USP37
The retention time of the major peak of the Sample solution corresponds to that of the
echinacoside peak of Standard solution A
and Standard solution B; USP37
and the retention time of the peak for 1,3-dicaffeoylquinic acid from the Sample solution
corresponds to that of Standard solution A, all peaks as obtained in the test for Content of
Total Phenols.
COMPOSITION
Change to read:
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Change to read:
• Content of Total Phenols
Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
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Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
13
78
22
14
60
40
17
60
40
17.5
90
10
22
90
10
Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea angustifolia Extract RS in Solvent,
shaking and heating in a water bath. Dilute with Solvent to obtain a solution having a
known concentration of 1 mg/mL. Pass through a membrane filter having a 0.45-µm or
finer pore size.
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent
Standard solution C: 80 µg/mL of USP Echinacoside RS in Solvent USP37
Sample solution: Transfer about 60 mg of Powdered Extract, accurately weighed, to an
appropriate round-bottom flask equipped with a condenser. Add 25.0 mL of Solvent, and
heat under reflux while shaking by mechanical means for 15 min. Centrifuge, or pass
through a membrane filter having a 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Standard solution C USP37
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for total phenols provided with the USP Powdered
Echinacea angustifolia Extract RS.
Resolution: NLT 1.0 between the 1,3-dicaffeoylquinic acid isomer and echinacoside
peaks, Standard solution A
Capacity factor (k¢ ): NLT 3.0, Standard solution B
Standard solution C USP37
Tailing factor: NMT 2.0 for the chlorogenic acid peak, Standard solution B
NMT 2.0 for the echinacoside peak, Standard solution C USP37
Relative standard deviation: NMT 2.5% for the chlorogenic acid peak in repeated
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injections, Standard solution B
NMT 2.5% for the echinacoside peak, Standard solution C
Analysis
Samples: Standard solution A, Standard solution B,
Standard solution C, USP37
and Sample solution

USP37

Identify the relevant analytes in the chromatogram from the Sample solution by
comparison with the chromatogram from Standard solution A. Measure the areas for the
relevant peaks.
Separately calculate the percentage of caftaric acid (C13 H12 O9 ), chicoric acid
(C22 H18 O12 ),
USP37

chlorogenic acid (C16 H18 O9 ), dicaffeoylquinic acids (C25 H24 O12 ), and echinacoside
(C35 H46 O20 ) in the portion of Powdered Extract taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response for the relevant analyte from the Sample solution
rS= peak response for chlorogenic acid from Standard solution B
or echinacoside from the corresponding Standard solution USP37
C=
S concentration of USP Chlorogenic Acid RS in Standard solution B (mg/mL)
or echinacoside in the corresponding Standard solution (mg/mL) USP37
C=
U concentration of Powdered Echinacea angustifolia Extract in the Sample solution
(mg/mL)
F= response factor: chicoric acid, 0.695; dicaffeoylquinic acids, 0.729; caftaric acid,
0.881; chlorogenic acid, 1.000; and echinacoside, 2.220
0.729 for dicaffeoylquinic acids, 1.00 for chlorogenic acid, and 1.00 for echinacoside
USP37

Calculate the percentage of total phenols in the portion of Powdered Extract taken by
adding the individual percentages.
Acceptance criteria: NLT 4.0% and NMT 5.0% of total phenols on the dried basis
• Content of Dodecatetraenoic Acid Isobutylamides
Standard solution A: Dissolve USP Powdered Echinacea angustifolia Extract RS in
methanol, shaking for 1 min, and dilute with methanol to volume to obtain a solution
having a known concentration of 1 mg/mL. Pass through a membrane filter having a 0.45µm or finer pore size.
Standard solution B: 10 µg/mL of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in
methanol
Sample solution: Transfer about 500 mg of Powdered Extract, accurately weighed, to a
100-mL volumetric flask. Add 80 mL of methanol, and sonicate for 30 min. Dilute with
methanol to volume, and pass through a membrane filter having a 0.45-µm or finer pore
size.
Mobile phase: Acetonitrile and water (55:45)
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 254 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for alkamides provided with USP Powdered Echinacea
angustifolia Extract RS.
Resolution: NLT 1.0 between dodecatetraenoic acid isobutylamide peaks, Standard
solution A
Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid isobutylamide peak, Standard
solution B
Relative standard deviation: NMT 2.5% for the 2E,4E-hexadienoic acid isobutylamide
peak in repeated injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the peaks due to 2E,4E,8Z,10E-dodecatetraenoic acid isobutylamide and
2E,4E,8Z,10Z-dodecatetraenoic acid isobutylamide in the chromatogram from the Sample
solution by comparison with the chromatogram from Standard solution A. Measure the
areas for the relevant peaks.
Calculate the percentage of dodecatetraenoic acid isobutylamides in the portion of
Powdered Extract taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= sum of the peak responses of the relevant analytes from the Sample solution
rS= peak response for 2E,4E-hexadienoic acid isobutylamide from Standard solution B
C=
S concentration of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in Standard solution B
(mg/mL)
C=
U concentration of Powdered Echinacea angustifolia Extract in the Sample solution
(mg/mL)
F= response factor for 2E,4E-hexadienoic acid isobutylamide, 1.353
Acceptance criteria: NLT 0.1% of dodecatetraenoic acid isobutylamides (C16 H25 NO) on
the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method II

231 : 20 ppm

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g

233

USP37
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Mercury: NMT 1.0 µg/g
USP37

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meets
the requirements of the tests for absence of Salmonella species, and Escherichia coli.
• Other Requirements: It meets the requirements for Botanical Extracts
Solvents and Pesticide Residues.

565 , Residual

SPECIFIC TESTS
• Loss on Drying 731
Sample: 1 g
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, in a cool place.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was prepared. If standardized by the content of alkamides,
label it to indicate the targeted content of dodecatraenoic acid isobutylamides. The label
bears a statement indicating that Echinacea angustifolia may cause rare allergic reactions,
rashes, or aggravate asthma. It meets the requirements for Botanical Extracts
Labeling.

565 ,

Change to read:
• USP Reference Standards 11
USP Caftaric Acid RS
USP Chicoric Acid RS USP37
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS USP37
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP

-Sitosterol RS

USP37

BRIEFING
Echinacea pallida, USP 35 page 1271; Powdered Echinacea pallida, USP 35 page 1273;
Powdered Echinacea pallida Extract, USP 35 page 1274. It is proposed to revise the
Identification tests and include the use of new USP reference materials for echinacoside,
caftaric acid, chicoric acid, and
test.

-sitosterol. It is also proposed to revise the Heavy Metals

(DS: M. Sharaf.)
Correspondence Number—C119764

Comment deadline: January 31, 2013
Echinacea pallida
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DEFINITION
Echinacea pallida consists of the dried rhizome and roots of Echinacea pallida (Nutt.) Nutt.
(Fam. Asteraceae). It is harvested in the fall after three or more years of growth. It contains
NLT 0.5% of total phenols, calculated on the dried basis as the sum of caftaric acid
(C13 H12 O9 ), chicoric acid (C22 H18 O12 ), chlorogenic acid (C16 H18 O9 ), and echinacoside
(C35 H46 O20 ).
IDENTIFICATION
Delete the following:
• A. Presence of Echinacoside and Absence of Dicaffeoylquinic Acids (cynarin(e))
Standard solution A: 10 mg/mL of USP Powdered Echinacea pallida Extract RS in methanol
Standard solution B: 1 mg/mL of 1,3-dicaffeoylquinic acid in methanol
Sample solution: Weigh and finely pulverize about 10 g of Echinacea pallida, and transfer
about 1 g of powder, to a suitable extraction thimble. Transfer the thimble to a
continuous extraction apparatus, and extract with 50 mL of chloroform for 1 h. Retain the
chloroform extract for Identification test B. Continue the extraction with 50 mL of
methanol, and concentrate to a small volume at 40 in vacuum. With the aid of methanol,
transfer the extract to a 10-mL volumetric flask, and dilute with methanol to volume.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10 µL
Developing solvent system: Ethyl acetate, formic acid, and water (17:2:1)
Spray reagent A: 10 mg/mL of diphenylborinic acid, ethanolamine ester in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Spray the plate with Spray reagent A followed by Spray reagent
B, and then examine the plate under UV light at 365 nm.
Acceptance criteria: The chromatogram obtained from the Sample solution shows a
yellowish zone at an RF value of 0.14, characteristic of echinacoside (absent or traces in
Echinacea purpurea), corresponding in color and RF value to that in the chromatogram of
Standard solution A, and does not show a zone characteristic of 1,3-dicaffeoylquinic acid
(present in Echinacea angustifolia) corresponding in color and RF value to that in the
chromatogram of Standard solution B. Other colored zones of varying intensities may be
observed in the chromatogram of the Sample solution. USP37
Delete the following:
• B. Presence of Ketoalkenynes
Standard solution A: 10 mg/mL of USP Powdered Echinacea pallida Extract RS in
chloroform. Shake for 1 min, and centrifuge. Use the supernatant.
Standard solution B: 1 mg/mL of -sitosterol in methanol
Sample solution: Evaporate to dryness the chloroform extract retained from preparation of
the Sample solution in Identification test A at 40 in vacuum. To the residue add 1 mL of
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alcohol, and pass through a nylon membrane filter having a pore size of 0.45 µm.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10 µL
Developing solvent system: Toluene and ethyl acetate (7:3)
Spray reagent A: 1% solution of vanillin in alcohol
Spray reagent B: 10% solution of sulfuric acid in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Spray the plate with Spray reagent A followed by Spray
reagent B, and heat the plate at 120 for 3 min.
Acceptance criteria: The chromatogram obtained from the Sample solution shows green,
brown, and violet zones above the spot for -sitosterol (RF range, 0.6–0.8). These zones
(unlike those in Echinacea angustifolia and Echinacea purpurea) are characteristic of
ketoalkenynes, and correspond in RF value to the zones in the chromatogram obtained
from Standard solution A. USP37
Add the following:
• A. Thin-Layer Chromatography
Presence of echinacoside and absence of dicaffeoylquinic acid (cynarin(e))
Standard solution A: A mixture of 0.2 mg/mL of USP Echinacoside RS and 0.2 mg/mL of
dicaffeoylquinic acid (cynarin) in methanol
Standard solution B: 0.05 mg/mL of USP Caftaric Acid RS, 0.1 mg/mL of USP Chlorogenic
Acid RS, and 0.05 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea pallida Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: Transfer 1 g of finely pulverized Echinacea pallida to a centrifuge tube,
add 10 mL of methanol, mix well, and sonicate for 10 min. Centrifuge, and use the
supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL Standard solution C and Sample solution, and 2 µL Standard
solution A and Standard solution B as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water,
and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
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chamber, heat at 100 for 5 min, derivatize the plate while still warm with
Derivatization reagent, dry in air, and examine under UV light at 366 nm.
System suitability: Standard solution A shows two major blue bands, one in the lower
third section of the chromatogram due to echinacoside, and the other band in the middle
section of the chromatogram due to dicaffeoylquinic acid (cynarin). Standard solution B
shows two major blue bands at about the middle of the chromatogram due to caftaric
acid (lower RF) and chlorogenic acid (higher RF) that are clearly separated, and a blue
band for chicoric acid in the upper third section of the chromatogram.
Acceptance criteria: The most prominent band in the Sample solution chromatogram is a
blue band in the lower third section of the chromatogram at an RF corresponding to the
echinacoside band in the chromatograms of Standard solution A and Standard solution C
(absent in Echinacea purpurea). The Sample solution chromatogram does not exhibit a
blue band at an RF corresponding to the dicaffeoylquinic acid (cynarin) band in the
chromatogram of Standard solution A (present in Echinacea angustifolia). The Sample
solution chromatogram may exhibit bands of lesser intensity at the RF of caftaric acid
and chicoric acid bands in chromatograms of Standard solution B and Standard solution
C (absent in Echinacea angustifolia and much more prominent in Echinacea purpurea).
The Sample solution chromatogram exhibits minor bands between the positions of
echinacoside and caftaric acid. One of these is due to chlorogenic acid at an RF
corresponding to that of chlorogenic acid in Standard solution B.
USP37

Add the following:
• B. Thin-Layer Chromatography
Presence of alkylamides
Standard solution A: 0.2 mg/mL of USP -Sitosterol RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Echinacea pallida Extract RS in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Sample solution: Transfer 1 g of finely pulverized Echinacea pallida to a centrifuge tube,
add 10 mL of dichloromethane, mix well, and sonicate for 10 min. Centrifuge, and use
the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL Standard solution B and Sample solution, and 2 µL Standard
solution A as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene, ethyl acetate, cyclohexane, and
formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, slowly
and carefully add 10 mL of acetic acid and 5 mL of sulfuric acid, and mix well. Allow
the mixture to cool to room temperature, then add 0.5 mL of p-anisaldehyde.
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Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min,
set aside to cool, and examine under visible light.
System suitability: The Standard solution A chromatogram exhibits a violet band
corresponding to -sitosterol. The Standard solution B shows the most prominent band
as a violet band in the upper third section of the chromatogram. The Standard solution B
chromatogram exhibits a less prominent violet band in the lower third section of the
chromatogram and a broad pink violet band close to the solvent front.
Acceptance criteria: The most prominent band of the Sample solution chromatogram is a
violet band in the upper third section of the chromatogram, corresponding in RF to a
similar band observed in Standard solution B (much less prominent in Echinacea
angustifolia and absent in Echinacea purpurea). The Sample solution chromatogram
exhibits a less prominent violet band in the lower third section of the chromatogram
corresponding in RF to a similar band observed in Standard solution B (much less
prominent in Echinacea purpurea and absent in Echinacea angustifolia). The Sample
solution chromatogram exhibits a minor violet band at an RF corresponding to the sitosterol band in the chromatograms of Standard solution A and Standard solution B and
a broad pink violet band close to the solvent front.
USP37

Change to read:
• C. The retention time of the major peak in the Sample solution corresponds to that of the
echinacoside peak in Standard solution A, as obtained in the test for Content of Total
Phenols. The peak area of any peak detected at the locus of 1,3-dicaffeoylquinic acid is
NMT 1% of the peak area for the echinacoside peak.
The retention time of the major peak in the Sample solution corresponds to that of the
echinacoside peak in Standard solution A and Standard solution B, as obtained in the test
for Content of Total Phenols. The peak area of any peak detected in the Sample solution
chromatogram at the locus of 1,3-dicaffeoylquinic acid (Standard solution C) is NMT 1% of
the peak area for the echinacoside peak. USP37
COMPOSITION
Change to read:
• Content of Total Phenols
Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
13
78
22
14
60
40
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17
60
40
17.5
90
10
22
90
10
Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea pallida Extract RS in Solvent by
shaking and heating in a water bath. Dilute with Solvent to obtain a solution having a
known concentration of 1 mg/mL. Pass through a membrane filter having a 0.45-µm or
finer pore size.
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent. Pass through a
membrane filter having a 0.45-µm or finer pore size.
Standard solution C: 80 µg/mL of USP Echinacoside RS in Solvent
Standard solution D: 40 µg/mL of dicaffeoylquinic acid (cynarin) in Solvent USP37
Sample solution: Transfer 125 mg of finely powdered Echinacea pallida (capable of passing
through a 40-mesh sieve) to a round-bottom flask equipped with a condenser. Add 25.0
mL of Solvent, and heat under reflux while shaking by mechanical means for 15 min.
Centrifuge, or pass through a membrane filter having a 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Standard solution C USP37
Suitability requirements
Chromatographic similarity: The chromatogram of Standard solution A is similar to
the Reference Chromatogram for total phenols provided with USP Powdered Echinacea
pallida Extract RS.
Capacity factor (k¢ ): NLT 3.0 for the chlorogenic acid peak, Standard solution B
echinacoside peak, Standard solution C USP37
Tailing factor: NMT 2.0 for the chlorogenic acid peak, Standard solution B
echinacoside peak, Standard solution C USP37
Relative standard deviation: NMT 2.5% for the chlorogenic acid peak in repeated
injections, Standard solution B
echinacoside peak in repeated injections, Standard solution C USP37
Analysis
Samples: Standard solution A, Standard solution B,
Standard solution C, Standard solution D USP37
and Sample solution
Identify the relevant analytes in the chromatogram from the Sample solution by
comparison with the chromatogram from Standard solution A. Measure the areas for the
relevant peaks.
Separately calculate the percentage of caftaric acid (C13 H12 O9 ), chicoric acid
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(C22 H18 O12 ), chlorogenic acid (C16 H18 O9 ), and echinacoside (C35 H46 O20 ) in the portion
of Echinacea pallida taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak response for the relevant analyte from the Sample solution
rS= peak response for chlorogenic acid from Standard solution B
or echinacoside from the corresponding Standard solution USP37
C=
S concentration of USP Chlorogenic Acid RS in Standard solution B
chlorogenic acid or echinacoside in the corresponding Standard solution USP37
(mg/mL)
V= volume of the Sample solution (mL)
W= weight of powdered Echinacea pallida used to prepare the Sample solution (mg)
F= response factor: chicoric acid, 0.695; caftaric acid, 0.881; chlorogenic acid, 1.000;
and echinacoside, 2.220
response factor: chicoric acid, 0.695; caftaric acid, 0.881; chlorogenic acid, 1.000;
relative to chlorogenic acid; and echinacoside, 1.000 USP37
Calculate the percentage of total phenols in the portion of Echinacea pallida taken by
adding the individual percentages calculated.
Acceptance criteria: NLT 0.5% of total phenols on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III 231 : 10 ppm

USP37

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

USP37

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: The outer surface of the rhizome is pale to yellowish-brown, crowned with
the remains of the aerial stem, and sometimes shows surface annulations up to 15 mm in
diameter. The roots are pale to yellowish-brown, cylindrical or slightly tapering, sometimes
spirally twisted, longitudinally wrinkled and deeply furrowed, up to 4–10 mm in diameter,
and pass imperceptibly into rhizome. The short fracture, when dry, becomes tough and
pliable on exposure to air.
Microscopic: The rhizomes and roots in transverse section show a thin outer bark
separated from a wide xylem by a distinct cambial line. The cork is composed of several
rows of thin-walled cells containing yellowish-brown pigment. The rhizome has a small

PF 38(6): Nov.-Dec. 2012

224

circular pith, occasional small groups of thick-walled, lignified fibers in the pericycle, and a
parenchymatous cortex. The phloem and xylem are composed of narrow strands of
vascular tissue separated by wide, nonlignified medullary rays. Xylem vessels are lignified,
25–75 µm in diameter, usually with reticulate thickening but occasionally with spiral or
annular thickening. Sclereids occur singly or in small groups, varying considerably in size
and shape from rounded to rectangular to elongated and fiber-like, are up to 300 µm long
and 20–40 µm wide, with intercellular spaces forming schizogenous oleoresin canals that
are 80–150 µm in diameter and contain a dense black deposit present both inside and
outside of the central cylinder (unlike Echinacea angustifolia, where the canals are
present only outside of the central cylinder). Spherocrystalline masses of inulin occur
throughout the parenchymatous tissues. Lignified fibers, present in the periphery of the
cortex, are 100–300 µm long and occur singly with phytomelanin often absent (unlike
Echinacea angustifolia, where the fibers occur scattered in groups, are 300–800 µm long,
and are usually surrounded by phytomelanin).
• Articles of Botanical Origin, Volatile Oil Determination
• Articles of Botanical Origin, Foreign Organic Matter
• Articles of Botanical Origin, Total Ash

561 : 1.0–2.0 mL/100 g
561 : NMT 3.0%

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 4.0%

• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 10.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
Change to read:
• USP Reference Standards 11
USP Caftaric Acid RS
USP Chicoric Acid RS USP37
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS
USP

-Sitosterol RS

USP37

BRIEFING
Powdered Echinacea pallida, USP 35 page 1273. See Briefing under Echinacea pallida.
(DS: M. Sharaf.)
Correspondence Number—C119766

Comment deadline: January 31, 2013
Powdered Echinacea pallida
DEFINITION
Change to read:
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Change to read:
Powdered Echinacea pallida is Echinacea pallida reduced to a powder or very fine powder.
Powdered Echinacea pallida consists of the dried rhizome and roots of Echinacea pallida
(Nutt.) Nutt. (Fam. Asteraceae) harvested in the fall after three or more years of growth,
reduced to powder. It contains NLT 0.5% of total phenols, calculated on the dried basis as the
sum of caftaric acid (C13 H12 O9 ), chicoric acid (C22 H18 O12 ), chlorogenic acid (C16 H18 O9 ), and
echinacoside (C35 H46 O20 ). USP37
IDENTIFICATION
Delete the following:
• A. Presence of Echinacoside and Absence of Dicaffeoylquinic Acids (cynarin(e))
Standard solution A: 10 mg/mL of USP Powdered Echinacea pallida Extract RS in methanol
Standard solution B: 1 mg/mL of 1,3-dicaffeoylquinic acid in methanol
Sample solution: Transfer 1 g of Powdered Echinacea pallida to a suitable extraction
thimble. Transfer the thimble to a continuous extraction apparatus, and extract with 50
mL of chloroform for 1 h. Retain the chloroform extract for Identification test B. Continue
the extraction with 50 mL of methanol, and concentrate to a small volume at 40 in
vacuum. With the aid of methanol, transfer the extract to a 10-mL volumetric flask, and
dilute with methanol to volume.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (TLC plates)
Application volume: 10 µL
Developing solvent system: Ethyl acetate, formic acid, and water (17:2:1)
Spray reagent A: 10 mg/mL of diphenylborinic acid, ethanolamine ester in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Spray the plate with Spray reagent A followed by Spray reagent
B, and then examine the plate under UV light at 365 nm.
Acceptance criteria: The chromatogram obtained from the Sample solution shows a
yellowish zone at an RF value of 0.14, characteristic of echinacoside (absent or traces in
Echinacea purpurea), corresponding in color and RF value to that in the chromatogram of
Standard solution A, and does not show a zone characteristic of 1,3-dicaffeoylquinic acid
(present in Echinacea angustifolia) corresponding in color and RF value to that in the
chromatogram of Standard solution B. Other colored zones of varying intensities may be
observed in the chromatogram of the Sample solution. USP37
Delete the following:
• B. Presence of Ketoalkenynes
Standard solution A: 10 mg/mL of USP Powdered Echinacea pallida Extract RS in
chloroform. Shake for 1 min, and centrifuge. Use the supernatant.
Standard solution B: 1 mg/mL of -sitosterol in methanol
Sample solution: Evaporate to dryness the chloroform extract retained from preparation of
the Sample solution in Identification test A at 40 in vacuum. To the residue add 1 mL of
alcohol, and pass through a nylon membrane filter having a 0.45-µm pore size.
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Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (TLC plates)
Application volume: 10 µL
Developing solvent system: Toluene and ethyl acetate (7:3)
Spray reagent A: 1% solution of vanillin in alcohol
Spray reagent B: 10% solution of sulfuric acid in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Spray the plate with Spray reagent A followed by Spray reagent
B, and heat the plate at 120 for 3 min.
Acceptance criteria: The chromatogram obtained from the Sample solution shows green,
brown, and violet zones above the spot for -sitosterol (RF range 0.6–0.8). These zones
(unlike those in Echinacea angustifolia and Echinacea purpurea) are characteristic of
ketoalkenynes, and correspond in RF value to the zones in the chromatogram obtained
from Standard solution A. USP37
Add the following:
• A. Thin-Layer Chromatography
Presence of echinacoside and absence of dicaffeoylquinic acid (cynarin(e))
Standard solution A: A mixture of 0.2 mg/mL of USP Echinacoside RS and 0.2 mg/mL of
dicaffeoylquinic acid (cynarin) in methanol
Standard solution B: 0.05 mg/mL of USP Caftaric Acid RS, 0.1 mg/mL of USP Chlorogenic
Acid RS, and 0.05 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea pallida Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: Transfer 1 g of Powdered Echinacea pallida to a centrifuge tube, add
10 mL of methanol, mix well, and sonicate for 10 min. Centrifuge, and use the
supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL Standard solution C and Sample solution, and 2 µL Standard
solution A and Standard solution B as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water,
and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
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chamber, heat at 100 for 5 min, derivatize the plate while still warm with Derivatization
reagent, dry in air, and examine under UV light at 366 nm.
System suitability: Standard solution A shows two major blue bands, one in the lower
third of the chromatogram, due to echinacoside, and the other band in the the middle
section of the chromatogram due to dicaffeoylquinic acid (cynarin). Standard solution B
shows two major blue bands at about the middle of the chromatogram due to caftaric
acid (lower RF) and chlorogenic acid (higher RF) that are clearly separated, and a blue
band for chicoric acid in the upper third of the chromatogram.
Acceptance criteria: The most prominent band in the Sample solution chromatogram is a
blue band in the lower third section of the chromatogram at an RF corresponding to the
echinacoside band in the chromatograms of Standard solution A and Standard solution C
(absent in Echinacea purpurea). The Sample solution chromatogram does not exhibit a
blue band at an RF corresponding to the dicaffeoylquinic acid (cynarin) band in the
chromatogram of Standard solution A (present in Echinacea angustifolia). The Sample
solution chromatogram may exhibit bands of lesser intensity at the RF of caftaric acid
and chicoric acid bands in chromatograms of Standard solution B and Standard solution
C (absent in Echinacea angustifolia and much more prominent in Echinacea purpurea).
The Sample solution chromatogram exhibits minor bands between the positions of
echinacoside and caftaric acid. One of these is due to chlorogenic acid at an RF
corresponding to that of chlorogenic acid in Standard solution B.
USP37

Add the following:
• B. Thin-Layer Chromatography
Presence of alkylamides
Standard solution A: 0.2 mg/mL of USP -Sitosterol RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Echinacea pallida Extract RS in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Sample solution: Transfer 1 g of Powdered Echinacea pallida to a centrifuge tube, add
10 mL of dichloromethane, mix well, and sonicate for 10 min. Centrifuge, and use the
supernatant.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL Standard solution B and Sample solution, and 2 µL Standard
solution A as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene, ethyl acetate, cyclohexane, and
formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, slowly
and carefully add 10 mL of acetic acid and 5 mL of sulfuric acid, and mix well. Allow
the mixture to cool to room temperature, then add 0.5 mL of p-anisaldehyde.
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Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min,
set aside to cool, and examine under visible light.
System suitability: The Standard solution A chromatogram exhibits a violet band
corresponding to -sitosterol. Standard solution B shows the most prominent band as a
violet band in the upper-third section of the chromatogram. The Standard solution B
chromatogram exhibits a less prominent violet band in the lower-third section of the
chromatogram, and a broad pink violet band close to the solvent front.
Acceptance criteria: The most prominent band of the Sample solution chromatogram is a
violet band in the upper third section of the chromatogram, corresponding in RF to the
similar band observed with Standard solution B (much less prominent in Echinacea
angustifolia and absent in Echinacea purpurea). The Sample solution chromatogram
exhibits a less prominent violet band in the lower third section of the chromatogram
corresponding in RF to a similar band observed in Standard solution B (much less
prominent in Echinacea purpurea and absent in Echinacea angustifolia). The Sample
solution chromatogram exhibits a minor violet band at an RF corresponding to the sitosterol band in the chromatograms of Standard solution A and Standard solution B,
and a broad pink violet band close to the solvent front.
USP37

Change to read:
• C. The retention time of the major peak in the Sample solution corresponds to that of the
echinacoside peak in the Standard solution A, as obtained in the test for Content of Total
Phenols. The peak area of any peak detected at the locus of 1,3-dicaffeoylquinic acid is
NMT 1% of the peak area for the echinacoside peak.
The retention time of the major peak in the Sample solution corresponds to that of the
echinacoside peak in Standard solution A and Standard solution B, as obtained in the test
for Content of Total Phenols. Peak area of any peak detected in the Sample solution
chromatogram at the locus of 1,3-dicaffeoylquinic acid (Standard solution C) is NMT 1% of
the peak area for the echinacoside peak. USP37
COMPOSITION
Change to read:
• Content of Total Phenols
Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
13
78
22
14
60
40
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17
60
40
17.5
90
10
22
90
10
Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea pallida Extract RS in Solvent by
shaking and heating in a water bath. Dilute with Solvent to obtain a solution having a
known concentration of about 1 mg/mL. Pass through a membrane filter having a 0.45-µm
or finer pore size.
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent
Standard solution C: 80 µg/mL of USP Echinacoside RS in Solvent
Standard solution D: 40 µg/mL of dicaffeoylquinic acid (cynarin) in Solvent USP37
Sample solution: Transfer 125 mg of Powdered Echinacea pallida (capable of passing
through a 40-mesh sieve) to a round-bottom flask equipped with a condenser. Add 25.0
mL of Solvent, and heat under reflux while shaking by mechanical means for 15 min.
Centrifuge, or pass through a membrane filter having a 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Standard solution C USP37
Suitability requirements
Chromatographic similarity: The chromatogram of Standard solution A is similar to
the reference chromatogram for total phenols provided with USP Powdered Echinacea
pallida Extract RS.
Capacity factor (k¢ ): NLT 3.0 for the chlorogenic acid peak, Standard solution B
echinacoside peak, Standard solution C USP37
Tailing factor: NMT 2.0 for the chlorogenic acid peak, Standard solution B
echinacoside peak, Standard solution C USP37
Relative standard deviation: NMT 2.5% for the chlorogenic acid peak in repeated
injections, Standard solution B
echinacoside peak in repeated injections, Standard solution C USP37
Analysis
Samples: Standard solution A, Standard solution B,
Standard solution C, Standard solution D, USP37
and Sample solution
Identify the relevant analytes in the chromatogram from the Sample solution by
comparison with the chromatogram from Standard solution A. Measure the areas for the
relevant peaks.
Separately calculate the percentage of caftaric acid (C13 H12 O9 ), chicoric acid
(C22 H18 O12 ), chlorogenic acid (C16 H18 O9 ), and echinacoside (C35 H46 O20 ) in the portion
of Powdered Echinacea pallida taken:
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Result = (rU/rS) × CS × (V/W) × F × 100
rU= peak response for the relevant analyte from the Sample solution
rS= peak response for chlorogenic acid from Standard solution B
chlorogenic acid or echinacoside from the corresponding Standard solution. USP37
C=
S concentration of USP Chlorogenic Acid RS in Standard solution B
chlorogenic acid or echinacoside in the corresponding Standard solution. USP37
(mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Powdered Echinacea pallida taken to prepare the Sample solution (mg)
F= response factor: chicoric acid, 0.695; caftaric acid, 0.881; chlorogenic acid, 1.000;
and echinacoside, 2.220
response factor: chicoric acid, 0.695; caftaric acid, 0.881; chlorogenic acid, 1.000;
relative to chlorogenic acid; and echinacoside, 1.000 USP37
Calculate the percentage of total phenols in the portion of Echinacea pallida taken by
adding the individual percentages calculated.
Acceptance criteria: NLT 0.5% of total phenols on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III 231 : 10 ppm

USP37

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

USP37

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

SPECIFIC TESTS
• Botanic Characteristics: Powdered Echinacea pallida is a brown powder with a faint
aromatic odor and a slightly acrid, persistent taste. It turns yellow when mounted in
sodium hydroxide solution. Under a microscope, the following characteristics are observed:
groups of secretory canals with brown contents, surrounded by parenchymatous cells
containing cluster crystals of calcium oxalate; and parenchymatous cells with small starch
granules; thick-walled lignified fibers and fragments of reticulate and pitted vessels.
• Articles of Botanical Origin, Volatile Oil Determination
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.

561 : 1.0–2.0 mL/100 g

561 : NMT 4.0%
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Acceptance criteria: NMT 10.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
Change to read:
• USP Reference Standards 11
USP Caftaric Acid RS
USP Chicoric Acid RS USP37
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS
USP

-Sitosterol RS

USP37

BRIEFING
Powdered Echinacea pallida Extract, USP 35 page 1274. See Briefing under Echinacea pallida.
(DS: M. Sharaf.)
Correspondence Number—C119768

Comment deadline: January 31, 2013
Powdered Echinacea pallida Extract
DEFINITION
Powdered Echinacea pallida Extract is prepared from Echinacea pallida roots by extraction with
hydroalcoholic mixtures or other suitable solvents. The ratio of the starting crude plant material
to Powdered Extract is between 2:1 and 8:1. It contains NLT 4.0% and NMT 5.0% of total
phenols, calculated as the sum of caftaric acid (C13 H12 O9 ), chicoric acid (C22 H18 O12 ),
chlorogenic acid (C16 H18 O9 ), and echinacoside (C35 H46 O20 ), on the dried basis.
IDENTIFICATION
Delete the following:
• A. Presence of Echniacoside and Absence of Dicaffeoylquinic Acids (cynarin(e))
Standard solution A: 100 mg/mL of USP Powdered Echinacea pallida Extract RS in methanol
Standard solution B: 1 mg/mL of 1,3-dicaffeoylquinic acid in methanol
Sample solution: Dissolve 1.0 g of Powdered Extract in 10 mL of methanol. Allow to settle
before use.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture, typically 20 cm long (TLC
plates)
Application volume: 10 µL
Developing solvent system: Ethyl acetate, formic acid, and water (17:2:1)
Spray reagent A: 10 mg/mL of diphenylborinic acid, ethanolamine ester in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution

PF 38(6): Nov.-Dec. 2012

232

Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Spray the plate with Spray reagent A followed by Spray reagent
B, and examine the plate under UV light at 365 nm.
Acceptance criteria: The chromatogram obtained from the Sample solution shows a
yellowish zone at an RF value of 0.14 characteristic of echinacoside (absent or only traces
present in Echinacea purpurea) that corresponds in color and RF value to that in the
chromatogram of Standard solution A, and does not show a zone characteristic of 1,3dicaffeoylquinic acid (present in Echinacea angustifolia) corresponding in color and RF
value to that in the chromatogram of Standard solution B. Other colored zones of varying
intensities may be observed in the chromatogram of the Sample solution. USP37
Delete the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
echinacoside peak of Standard solution A, as obtained in the test for Content of Total
Phenols. USP37
Add the following:
• A. Thin-Layer Chromatography
Presence of echinacoside and absence of dicaffeoylquinic acid (cynarin(e))
Standard solution A: A mixture of 0.2 mg/mL of USP Echinacoside RS and 0.2 mg/mL of
dicaffeoylquinic acid (cynarin) in methanol
Standard solution B: 0.05 mg/mL of USP Caftaric Acid RS, 0.1 mg/mL of USP Chlorogenic
Acid RS, and 0.05 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea pallida Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: 20 mg/mL of Powdered Echinacea pallida Extract in methanol. Shake to
disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL Standard solution C and Sample solution, and 2 µL Standard
solution A and Standard solution B as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water,
and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, heat at 100 for 5 min, derivatize the plate while still warm with
Derivatization reagent, dry in air, and examine under UV light at 366 nm.
System suitability: Standard solution A shows two major blue bands, one in the lower
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third section of the chromatogram due to echinacoside, and the other band in the middle
section of the chromatogram due to dicaffeoylquinic acid (cynarin). Standard solution B
shows two major blue bands at about the middle of the chromatogram due to caftaric
acid (lower RF) and chlorogenic acid (higher RF) that are clearly separated, and a blue
band for chicoric acid in the upper third section of the chromatogram.
Acceptance criteria: The most prominent band in the Sample solution chromatogram is a
blue band in the lower third section of the chromatogram at an RF corresponding to the
echinacoside band in the chromatograms of Standard solution A and Standard solution C
(absent in Echinacea purpurea). The Sample solution chromatogram does not exhibit a
blue band at an RF corresponding to the dicaffeoylquinic acid (cynarin) band in the
chromatogram of Standard solution A (present in Echinacea angustifolia). The Sample
solution chromatogram may exhibit bands of lesser intensity at the RF of caftaric acid
and chicoric acid bands in the chromatograms of Standard solution B and Standard
solution C (absent in Echinacea angustifolia and much more prominent in Echinacea
purpurea). The Sample solution chromatogram exhibits minor bands between the
positions of echinacoside and caftaric acid. One of these is due to chlorogenic acid at
an RF corresponding to that of chlorogenic acid in Standard solution B.
USP37

Add the following:
• B. Thin-Layer Chromatography
Presence of alkylamides
Standard solution A: 0.2 mg/mL of USP -Sitosterol RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Echinacea pallida Extract RS in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Sample solution: 100 mg/mL of Powdered Echinacea pallida Extract in dichloromethane.
Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL Standard solution B and Sample solution, and 2 µL Standard
solution A as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene, ethyl acetate, cyclohexane, and
formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, slowly
and carefully add 10 mL of acetic acid and 5 mL of sulfuric acid, and mix well. Allow
the mixture to cool to room temperature, then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
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chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min,
set aside to cool, and examine under visible light.
System suitability: The Standard solution A chromatogram exhibits a violet band
corresponding to -sitosterol. Standard solution B shows the most prominent band as a
violet band in the upper third section of the chromatogram. The Standard solution B
chromatogram exhibits a less prominent violet band in the lower third section of the
chromatogram, and a broad pink violet band close to the solvent front.
Acceptance criteria: The most prominent band of the Sample solution chromatogram is a
violet band in the upper third section of the chromatogram, corresponding in RF to a
similar band observed in Standard solution B (much less prominent in Echinacea
angustifolia and absent in Echinacea purpurea). The Sample solution chromatogram
exhibits a less prominent violet band in the lower third section of the chromatogram
corresponding in RF to a similar band observed in Standard solution B (much less
prominent in Echinacea purpurea and absent in Echinacea angustifolia). The Sample
solution chromatogram exhibits a minor violet band at an RF corresponding to the sitosterol band in the chromatograms of Standard solution A and Standard solution B,
and a broad pink violet band close to the solvent front.
USP37

Add the following:
• C. The retention time of the major peak in the Sample solution corresponds to that of the
echinacoside peak in Standard solution A and Standard solution B, as obtained in the test
for Content of Total Phenols. The peak area of any peak detected in the Sample solution
chromatogram at the locus of 1,3-dicaffeoylquinic acid (Standard solution C) is NMT 1% of
the peak area for the echinacoside peak. USP37
COMPOSITION
Change to read:
• Content of Total Phenols
Solution A: Phosphoric acid (0.1 in 100)
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
13
78
22
14
60
40
17
60
40
17.5
90
10
22
90
10
Solvent: Alcohol and water (7:3)
Standard solution A: Dissolve USP Powdered Echinacea pallida Extract RS in Solvent by
shaking and heating in a water bath. Dilute with Solvent to obtain a solution having a
known concentration of 1 mg/mL. Pass through a membrane filter having a 0.45-µm or
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finer pore size.
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent
Standard solution C: 80 µg/mL of USP Echinacoside RS in Solvent
Standard solution D: 40 µg/mL of dicaffeoylquinic acid (cynarin) in Solvent USP37
Sample solution: Transfer about 60 mg of Powdered Extract, accurately weighed, to an
appropriate round-bottom flask equipped with a condenser. Add 25.0 mL of Solvent, and
heat under reflux while shaking by mechanical means for 15 min. Centrifuge, or pass
through a membrane filter having a 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Standard solution C USP37
Suitability requirements
Chromatographic similarity: The chromatogram of Standard solution A is similar to
the Reference Chromatogram for total phenols provided with USP Powdered Echinacea
pallida Extract RS.
Capacity factor (k¢ ): NLT 3.0 for the chlorogenic acid peak, Standard solution B
echinacoside peak, Standard solution C USP37
Tailing factor: NMT 2.0 for the chlorogenic acid peak, Standard solution B
echinacoside peak, Standard solution C USP37
Relative standard deviation: NMT 2.5% for the chlorogenic acid peak in repeated
injections, Standard solution B
echinacoside peak in repeated injections, Standard solution C USP37
Analysis
Samples: Sample solution, Standard solution A, Standard solution B,
Standard solution C, and Standard solution D USP37
Identify the relevant analytes in the chromatogram from the Sample solution by
comparison with the chromatogram from Standard solution A. Measure the areas for the
relevant peaks.
Separately calculate the percentage of caftaric acid (C13 H12 O9 ), chicoric acid
(C22 H18 O12 ), chlorogenic acid (C16 H18 O9 ), and echinacoside (C35 H46 O20 ) in the portion
of Powdered Echinacea pallida Extract taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response for the relevant analyte from the Sample solution
rS= peak response for chlorogenic acid from Standard solution B
chlorogenic acid or echinacoside from the corresponding Standard solution.

USP37

PF 38(6): Nov.-Dec. 2012

236

C=
S concentration of USP Chlorogenic Acid RS in Standard solution B
chlorogenic acid or echinacoside in the corresponding Standard solution USP37
(mg/mL)
C=
U concentration of Powdered Echinacea pallida Extract in the Sample solution (mg/mL)
F= response factor: chicoric acid, 0.695; caftaric acid, 0.881; chlorogenic acid, 1.000;
and echinacoside, 2.220
relative to chlorogenic acid; and echinacoside, 1.000 USP37
Calculate the percentage of total phenols in the portion of Powdered Echinacea pallida
Extract taken by adding the individual percentages calculated.
Acceptance criteria: NLT 4.0% and NMT 5.0% of total phenols on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals Method II

231 : NMT 20 ppm

USP37

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

USP37

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : Meets
the requirements of the tests for absence of Salmonella species, and Escherichia coli
• Other Requirements: It meets the requirements for Botanical Extracts
Solvents and Pesticide Residues.

565 , Residual

SPECIFIC TESTS
• Loss on Drying 731
Sample: 1 g
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store in a cool
place.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant from which the article was prepared. The label bears a statement indicating that
Echinacea pallida may cause rare allergic reactions, rashes, or aggravate asthma. It meets
the requirements for Botanical Extracts
Change to read:

565 , Labeling.
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• USP Reference Standards 11
USP Caftaric Acid RS
USP Chicoric Acid RS USP37
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS
USP

-Sitosterol RS

USP37

BRIEFING
Echinacea purpurea Aerial Parts, USP 35 page 1275. It is proposed to revise Identification
test A and include the use of reference materials for echinacoside, caftaric acid, and
chicoric acid. It is also proposed to revise the test for Heavy Metals.
(DS: M. Sharaf.)
Correspondence Number—C119868

Comment deadline: January 31, 2013
Echinacea purpurea Aerial Parts
DEFINITION
Echinacea purpurea Aerial Parts consists of the aerial parts of Echinacea purpurea (L.) Moench
(Fam. Asteraceae). It is harvested during the flowering stage. It contains NLT 1.0% of the sum
of caftaric acid (C13 H12 O9 ) and chicoric acid (C22 H18 O12 ), and NLT 0.01% of dodecatetraenoic
acid isobutylamides (C16 H25 NO), calculated on the dried basis.
IDENTIFICATION
Delete the following:
• A. Presence of Chicoric Acid and Absence of Echinacoside
Standard solution: 10 mg/mL of USP Powdered Echinacea purpurea Extract RS in methanol
Sample solution: Add 5 mL of diluted alcohol (7:3) to 0.5 g of the powdered plant material,
and shake for 1 min. Centrifuge, and use the supernatant.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Application volume: 10 µL
Developing solvent system: Ethyl acetate, formic acid, and water (17:2:1)
Spray reagent A: 10 mg/mL of diphenylborinic acid, ethanolamine ester in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution and Sample solution
Develop the chromatograms until the solvent front has moved NLT 18 cm, and dry the
plate in a stream of air. Spray the plate with Spray reagent A followed by Spray reagent
B, and examine the plate under UV light at 365 nm.
Acceptance criteria: The chromatogram from the Sample solution shows a yellowish-green
zone at an RF value of 0.75 due to chicoric acid and another yellowish-green zone at an RF
value of 0.45 due to caftaric acid, both zones corresponding in color and RF value to
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zones in the chromatogram from the Standard solution. The chromatogram from the
Sample solution does not show or shows only traces of a zone at an RF value of 0.1 due
to echinacoside (present in Echinacea angustifolia and in Echinacea pallida). Other colored
zones of varying intensities may be observed in the chromatogram from the Sample
solution. USP37
Add the following:
• A. Thin-layer Chromatography
Presence of Chicoric Acid and Absence of Echinacoside
Standard solution A: 0.2 mg/mL of USP Echinacoside RS in methanol
Standard solution B: 0.2 mg/mL of USP Caftaric Acid RS, 0.1 mg of USP Chlorogenic Acid
RS, and 0.2 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: Transfer 1 g of finely pulverized Echinacea purpurea Aerial Parts to a
centrifuge tube, add 10 mL of methanol, mix well, and sonicate for 10 min. Centrifuge, and
use the supernatant.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL each of Standard solution C and Sample solution, and 2 µL
each of Standard solution A and Standard solution B, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water, and
formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a satutated chamber. Remove the plate from the
chamber, heat at 100 for 5 min, derivatize the plate while still warm with Derivatization
reagent, dry in air, and examine under UV light at 366 nm.
System Suitability: Standard solution A shows one major blue band in the lower third
section of the chromatogram due to echinacoside. Standard solution B shows two major
blue bands at about the middle of the chromatogram due to caftaric acid (lower RF) that
are clearly separated, and a blue band for chicoric acid in the upper third section of the
chromatogram.
Acceptance Criteria: The most prominent band in the Sample solution chromatogram is a
blue band in the upper third section of the chromatogram at an RF corresponding to the
chicoric acid band in the chromatogram of Standard solution B and Standard solution C.
The second most prominent band in the Sample solution chromatogram is a blue band at
about the middle of the chromatogram due to caftaric acid, corresponding to a band in
the chromatogram of Standard solution C. The Sample solution chromatogram does not
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exhibit a band at the RF of echinacoside in Standard solution A (difference from Echinacea
pallida and Echinacea angustifolia). The Sample solution chromatogram exhibits minor blue
bands corresponding to similar bands in the chromatogram of Standard solution C. One of
these bands is due to chlorogenic acid at an RF corresponding to chlorogenic acid in
Standard solution B. The Sample solution chromatogram exhibits a red band due to
chlorophyll close to the solvent front. USP37
Change to read:
•
B. USP37
The retention times for the relevant peaks of the Sample solution, mainly due to caftaric acid
and chicoric acid, correspond to those of Standard solution A, as obtained in the test for
Content of Chicoric Acid and Caftaric Acid. A peak for echinacoside is not detected or is
very weak (difference with E. pallida and E. angustifolia).
The retention time of the major peak in the Sample solution corresponds to that of the
chicoric acid peak in Standard solution A, and the second most prominent peak
corresponds to that of the caftaric acid peak in Standard solution B. The Sample solution
chromatogram shows no peak or a very minor peak at the retention time corresponding to
the echinacoside peak in the Standard solution C chromatogram, all peaks as obtained in
the test for Content of Chicoric Acid and Caftaric Acid. USP37
• C. The retention times for the relevant peaks of the Sample solution, mainly due to
dodecatetraenoic isobutyl amides, correspond to those of Standard solution A, as obtained
in the test for Content of Dodecatetraenoic Isobutylamides.
COMPOSITION
Change to read:
• Content of Chicoric Acid and Caftaric Acid
Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
13
78
22
14
60
40
17.5
60
40
18
90
10
30
90
10
Solvent: Alcohol and water (7:3)
Standard solution A: 5 mg/mL of USP Powdered Echinacea purpurea Extract RS in Solvent.
Dissolve by shaking for 1 min, dilute to volume, and filter through a filter of 0.45-µm or
finer pore size.
30 µg/mL of USP Chicoric Acid RS in Solvent USP37
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent. Dissolve by shaking
for 1 min, dilute to volume, and pass through a filter of 0.45-µm or finer pore size.

PF 38(6): Nov.-Dec. 2012

240

20 µg/mL of USP Caftaric Acid RS in Solvent
Standard solution C: 20 µg/mL of USP Echinacoside RS in Solvent USP37
Sample solution: Transfer about 125 mg, accurately weighed, of finely powdered
Echinacea purpurea Aerial Parts (capable of passing through a 40-mesh sieve) to a roundbottom flask equipped with a condenser. Add 25.0 mL of Solvent, and heat under reflux
while shaking by mechanical means for 15 min. Centrifuge, or pass through a membrane
filter of 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection size: 5 µL
System suitability
Samples: Standard solution A andStandard solution B
USP37

Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for total phenols provided with USP Powdered Echinacea
purpurea Extract RS.
USP37

Relative standard deviation: NMT 2.0% for the chlorogenic acid peak in repeated
injections, Standard solution B
chicoric acid peak in Standard solution A USP37
Analysis
Samples: Standard solution A, Standard solution B,
Standard solution C, USP37
and Sample solution
Identify the relevant analytes in the chromatogram from the Sample solution by
comparison with the chromatogram from Standard solution A. Measure the areas for the
relevant peaks.
USP37

Separately calculate the percentages of caftaric acid (C13 H12 O9 ) and chicoric acid
(C22 H18 O12 ) in the portion of Echinacea purpurea Aerial Parts taken:
Result = (rU/rS) × CS × (V/W) × F × 100
Result = (rU/rS) × CS × (V/W) × 100

USP37

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of chlorogenic acid from Standard solution B
the relevant analyte from the corresponding Standard solution USP37
C=
S concentration of USP Chlorogenic Acid RS in Standard solution B (mg/mL)
the relevant analyte in the corresponding Standard solution (mg/mL) USP37
V= final volume of the Sample solution (mL)
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W= weight of Echinacea purpurea Aerial Parts taken to prepare the Sample solution (mg)
F= response factor: chicoric acid, 0.695; caftaric acid, 0.881; and chlorogenic acid, 1.000
USP37

Calculate the percentage of the sum of chicoric acid and caftaric acid in the portion of
Echinacea purpurea Aerial Parts taken by adding the individual percentages calculated.
Acceptance criteria: NLT 1.0% on the dried basis
• Content of Dodecatetraenoic Acid Isobutylamides
Mobile phase: Acetonitrile and water (55:45)
Standard solution A: 5 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol. Dissolve using sonication and shaking for 10 min. After dilution, pass through a
membrane filter of 0.45-µm or finer pore size.
Standard solution B: 10 µg/mL of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in
methanol
Sample solution: Transfer about 2.5 g of finely powdered Echinacea purpurea Aerial Parts
(capable of passing through a 40-mesh sieve), accurately weighed, into a round-bottom
flask. Add 80 mL of methanol, and reflux for 30 min. Cool to room temperature, and filter
into a 100-mL volumetric flask, using small portions of methanol to rinse the flask and the
filter. Dilute with methanol to volume. Pass through a membrane filter of 0.45-µm or finer
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection size: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for alkamides provided with USP Powdered Echinacea
purpurea Extract RS.
Resolution: NLT 1.0 between dodecatetraenoic acid isobutylamide peaks, Standard
solution A
Tailing factor: NMT 2.0 for 2E,4E-hexadienoic acid isobutylamide, Standard solution B
Relative standard deviation: NMT 2.5% for the 2E,4E-hexadienoic acid isobutylamide
peak in repeated injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the peaks of the two isomers of dodecatetraenoic acid isobutylamides in the
chromatogram from the Sample solution by comparison with the chromatogram from
Standard solution A. Measure the areas for the relevant peaks.
Calculate the percentage of dodecatetraenoic acid isobutylamides in the portion of
Echinacea purpurea Aerial Parts taken:
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Result = (rU/rS) × CS × (V/W) × F × 100
rU= sum of the peak areas of the relevant analytes from the Sample solution
rS= peak area of 2E,4E-hexadienoic acid isobutylamide from Standard solution B
C=
S concentration of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in Standard solution B
(mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Echinacea purpurea Aerial Parts taken to prepare the Sample solution (mg)
F= response factor to convert 2E,4E-hexadienoic acid isobutylamide into dodecatetraenoic
acid isobutylamides, 1.353
Acceptance criteria: NLT 0.01% of dodecatetraenoic acid isobutylamides on the dried
basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 10 ppm

USP37

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

USP37

• Articles of Botanical Origin, General Method for Pesticides Residues Analysis
the requirements

561 : Meet

• Microbial Enumeration Tests 2021 : The total aerobic microbial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
enterobacterial count does not exceed 103 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : It meets
the requirements of the tests for absence of Salmonella species and Escherichia coli.
SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: The herb is an erect, coarse, rough-hairy perennial, usually up to 90 cm tall,
rarely up to 180 cm. The leaves are alternate and simple; the lowermost leaves are
slender, long, and petioled, ovate to broadly lanceolate, mostly penta-nerved, acute or
acuminated at the apex, abruptly narrowed or rarely cordate at the base, usually sharply
dentate, and 7–20 cm long and 2.5–7.5 cm wide; the petioles are mostly winged at the
summit. The upper leaves are narrower, often almost entirely sessile, lanceolate or ovate
lanceolate, and usually with 3 veins.
The flower heads are radiate, up to 15 cm across, solitary or few, and long-peduncled,
with 12–20 rays, purple, crimson, or rarely pale; the bristle disks are often orange, 3.5–7.5
cm long; the involucre is depressed-hemispheric; the bracts are lanceolate, spreading or
appressed, imbricated in 2–4 series, and hairy on the outer surface with ciliate margins;
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the receptacle is conical, the scales of the receptacle stiff, spinescent, and conspicuously
longer than the disc flowers; the chaff is carinate and cuspidate; the achenes are 3–4 mm
in length, tetrasided, obypyramidal, and thick; the pappus has a short, dentate crown.
Microscopic
Leaf: The leaf has a thickness of 200–350 µm, with an epidermis 9–13 µm thick, largely
without chloroplasts; the stomata are 28–35 µm, abundant on the ventral surface and
fewer on the dorsal surface; the mesophyll is clearly divided into palisade parenchyma
and sponge parenchyma. The palisade parenchyma is one layer thick, with elongated
cells 50–65 µm in length, oriented at right angles to the leaf surface, containing
numerous chloroplasts. The sponge parenchyma is 150–250 µm thick, with cells of
irregular shape, and has multiple cell layers, few chloroplasts, and large intercellular
spaces. The phloem bundles of the lateral veins within the sponge parenchyma are
bound by a one-layer sheath of small parenchymous cells, with vascular elements of the
midrib surrounded by large-celled parenchyma. The uniseriate trichomes are few in the
ventral surface, numerous on the dorsal surface, typically tricelled, occasionally tetraor pentacelled, 250–500 µm in length, each arising from an epidermal cell; the epidermal
cell walls appear with moderate thickening; the vessels are various, scalariform, with
variable reticulated width.
Petiole: The parenchyma appear without chloroplasts, in several layers adjacent to a
layer of collenchyma; 5–7 phloem bundles of small- to medium-sized vessels are weakly
lignified and embedded in the parenchyma in the form of an arc; the wing ribs of the
upper surface of the slightly hollowed petiole are marginal.
Inflorescence: The epidermal cells of the ray florets are square, 50 µm, with a
transparent, beaded cell wall; various elements of the Asteraceous exhibit inflorescence;
numerous multicellular jointed trichomes of the involucral bracts are 500–800 µm in
length; tangential sections of the paleae with numerous fiber bundles are 10–15 µm in
diameter and 100–150 µm in length; cell walls are thin. The epidermis of ray florets is
reddish to violet; the epidermal cells from the end of the corolla form rounded papillae; a
stigma of papillary cells is present; Asteraceous pollen grains are 20–30 µm and spherical
with a warty exine.
Calcium oxalate is negative; crystals of inulin and starch granules are rare.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 3.0%

• Loss on Drying 731
Sample: 1 g of the powdered plant material
Analysis: Dry the Sample.
Acceptance criteria: NMT 12%
• Articles of Botanical Origin, Total Ash

561 : NMT 10.0%, determined on 3 g

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 2.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight, light-resistant containers at controlled room
temperature.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
Change to read:
• USP Reference Standards

11
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USP Chlorogenic Acid RS
USP Caftaric Acid RS
USP Chicoric Acid RS
USP Echinacoside RS USP37
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP Powdered Echinacea purpurea Extract RS
BRIEFING
Echinacea purpurea Root, USP 35 page 1277; Powdered Echinacea purpurea, USP 35 page
1280. It is proposed to revise the TLC Identification tests and include the use of new
reference materials for echinacoside, chicoric acid, caftaric acid, and
proposed to revise the procedures for Heavy Metals.

-sitosterol. It is also

(DS: M. Sharaf.)
Correspondence Number—C119869

Comment deadline: January 31, 2013
Echinacea purpurea Root
DEFINITION
Echinacea purpurea Root consists of the dried rhizome and roots of Echinacea purpurea (L.)
Moench (Fam. Asteraceae). It is harvested in the fall after three or more years of growth. It
contains NLT 0.5% of total phenols, calculated on the dried basis as the sum of caftaric acid
(C13 H12 O9 ), chicoric acid (C22 H18 O12 ), and chlorogenic acid (C16 H18 O9 ). It contains NLT
0.025% of alkamides calculated as dodecatetraenoic acid isobutylamides (C16 H25 NO).
IDENTIFICATION
Delete the following:
• A. Presence of Chicoric Acid and Absence of Echinacoside
Standard solution A: 20 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol
Standard solution B: 1 mg/mL of 1,3-dicaffeoylquinic acid in methanol
Sample solution: Transfer 1 g of finely pulverized Echinacea purpurea Root to a suitable
extraction thimble. Transfer the thimble to a continuous extraction apparatus, and extract
with 50 mL of chloroform for 1 h. Retain the chloroform extract for Identification test B.
Continue the extraction with 50 mL of methanol, and concentrate to a small volume at 40
in vacuum. With the aid of methanol, transfer the extract to a 10-mL volumetric flask, and
dilute with methanol to volume.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (TLC plates)
Application volume: 10 µL
Developing solvent system: Ethyl acetate, formic acid, and water (17:2:1)
Spray reagent A: 10 mg/mL of diphenylborinic acid, ethanolamine ester in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
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Develop the chromatograms until the solvent front has moved NLT 18 cm, and dry the
plate in a current of air. Spray the plate with Spray reagent A followed by Spray reagent
B, and examine the plate under UV light at 365 nm.
Acceptance criteria: The chromatogram from the Sample solution shows a yellowish-green
zone at an RF value of 0.75 due to chicoric acid and another yellowish-green zone at an RF
value of 0.45 due to caftaric acid, both zones corresponding in color and RF value to
zones in the chromatogram from Standard solution A. The chromatogram from the Sample
solution does not show or shows only traces of a zone at an RF value of 0.1 due to
echinacoside (present in Echinacea angustifolia and in Echinacea pallida), and does not
show a zone that corresponds in color and RF value to the spot for 1,3-dicaffeoylquinic
acid (cynarin) (present in Echinacea angustifolia) in the chromatogram from Standard
solution B. Other colored zones of varying intensities may be observed in the
chromatogram from the Sample solution. USP37
Delete the following:
• B. Presence of Isobutylalkenylamides
Standard solution A: 100 mg/mL USP Echinacea purpurea Extract RS in methanol
Standard solution B: 1 mg/mL of -sitosterol in methanol
Sample solution: Evaporate the chloroform extract retained from preparation of the
Sample solution in Identification test A to dryness at 40 in vacuum. To the residue add 1
mL of alcohol, and pass through a nylon membrane filter of 0.45-µm pore size.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (TLC plates)
Application volume: 10 µL
Developing solvent system: Hexane and ethyl acetate (2:1)
Spray reagent: Prepare a mixture of glacial acetic acid, sulfuric acid, and p-anisaldehyde
(10:5:0.5) in an ice bath.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Examine the plate under UV light at 254 nm, and then spray the
plate with Spray reagent, and heat the plate at 100 for 5 min. Examine the plate under
long-wavelength UV light.
Acceptance criteria
Under UV light at 254 nm: The chromatogram from the Sample solution shows one main
zone corresponding in RF value to the zone due to dodeca-2E,4E,8Z,10E-tetraenoic acid
isobutylamide and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide in the
chromatogram of Standard solution A, and below this zone there are several other zones
due to , , , -unsaturated isobutylamides.
After treatment with Spray reagent and heating: The zone due to dodeca-2E,4E,8Z,10Etetraenoic acid isobutylamide and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide
turns blue-black, and below this zone there are several other zones due to , , , unsaturated isobutylamides (not detectable in Echinacea pallida) that turn violet (unlike
the corresponding zones in the chromatogram of Echinacea angustifolia that are mostly
yellowish due to , -unsaturated isobutylamides). A zone due to -sitosterol that
corresponds in RF value to the principal spot in the chromatogram of Standard solution B is
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Add the following:
• A. Thin-Layer Chromatography
Presence of chicoric acid and absence of echinacoside
Standard solution A: 0.2 mg/mL of USP Echinacoside RS in methanol
Standard solution B: 0.2 mg/mL of USP Caftaric Acid RS, 0.1 mg/mL of USP Chlorogenic
Acid RS, and 0.2 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: Transfer 1 g of finely pulverized Echinacea purpurea Root to a
centrifuge tube, add 10 mL of methanol, mix well, and sonicate for 10 min. Centrifuge,
and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL Standard solution C and Sample solution, and 2 µL Standard
solution A and Standard solution B as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water,
and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, heat at 100 for 5 min, derivatize the plate while still warm with
Derivatization reagent, dry in air, and examine under UV light at 366 nm.
System suitability: Standard solution A shows one major blue band in the lower third of
the chromatogram due to echinacoside. Standard solution B shows two major blue bands
at about the middle of the chromatogram due to caftaric acid (lower RF) and chlorogenic
acid (higher RF) that are clearly separated, and a blue band for chicoric acid in the upper
third section of the chromatogram.
Acceptance criteria: The most prominent band in the Sample solution chromatogram is a
blue band in the upper third section of the chromatogram at an RF corresponding to the
chicoric acid band in the chromatograms of Standard solution B and Standard solution C
(less prominent in Echinacea pallida and absent or almost absent in Echinacea
angustifolia). The second most prominent band in the Sample solution chromatogram is a
blue band at about the middle of the chromatogram due to caftaric acid, corresponding
to a band in the chromatogram of Standard solution C (absent in Echinacea angustifolia
and a minor band in Echinacea pallida). The Sample solution chromatogram does not
exhibit a band at the RF of echinacoside in Standard solution A (difference from
Echinacea pallida and Echinacea angustifolia). The Sample solution chromatogram may
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exhibit minor blue bands corresponding to similar bands in the chromatogram of Standard
solution C. One of these is due to chlorogenic acid at an RF corresponding to chlorogenic
acid in the Standard solution B.
USP37

Add the following:
• B. Thin-Layer Chromatography
Presence of alkylamides
Standard solution A: 0.2 mg/mL of USP -Sitosterol RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Echinacea purpurea Extract RS in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Sample solution: Transfer 1 g of finely pulverized Echinacea purpurea Root to a
centrifuge tube, add 10 mL of dichloromethane, mix well, and sonicate for 10 min.
Centrifuge, and use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL Standard solution B and Sample solution, and 2 µL Standard
solution A as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene, ethyl acetate, cyclohexane, and
formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, slowly
and carefully add 10 mL of acetic acid and 5 mL of sulfuric acid, and mix well. Allow
the mixture to cool to room temperature, then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min,
set aside to cool, and examine under visible light.
System suitability: The chromatogram of Standard solution B exhibits the most
prominent band as a pinkish violet band at about the middle of the chromatogram, and
just below this pinkish band, a violet band at a lower RF similar in position and color to
the -sitosterol band in the chromatograms of Standard solution A. These two bands
are clearly separated from each other. The chromatogram of Standard solution B also
shows a broad pink violet band close to the solvent front.
Acceptance criteria: The most prominent band of the Sample solution chromatogram is
a pinkish violet band at about the middle of the chromatogram similar in position and
color to a band in Standard solution B chromatogram (much less prominent in Echinacea
angustifolia and Echinacea pallida), a violet band corresponding to -sitosterol band in
the chromatograms of Standard solution A and Standard solution B, and a broad pink
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violet band close to the solvent front similar in position and color to the a band in the
chromatogram of Standard solution B. The Sample solution chromatogram does not
exhibit a yellow band below the -sitosterol band (difference from Echinacea
angustifolia) or a prominent violet band at about two third of the chromatogram
(difference from Echinacea pallida).
USP37

Change to read:
• C. The retention times for the relevant peaks of the Sample solution, mainly due to caftaric
acid and chicoric acid, correspond to those of Standard solution A, as obtained in the test
for Content of Total Phenols. An echinacoside peak is not detectable or is very weak.
The retention time of the major peak in the Sample solution corresponds to that of the
chicoric acid peak in Standard solution A, and the second most prominent peak
corresponds to that of the caftaric acid peak in Standard solution B. The Sample solution
chromatogram shows no or a very minor peak at the retention time corresponding to the
echinacoside peak in the Standard solution D chromatogram, all peaks as obtained in the
test for Content of Total Phenols. USP37
COMPOSITION
Change to read:
• Content of Total Phenols
Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
13
78
22
14
60
40
17.5
60
40
18
90
10
30
90
10
Solvent: Alcohol and water (7:3)
Standard solution A: 5 mg/mL of USP Powdered Echinacea purpurea Extract RS in Solvent.
Dissolve by shaking for 1 min, dilute with Solvent to volume, and pass through a membrane
filter of 0.45-µm or finer pore size.
30 µg/mL of USP Chicoric Acid RS in Solvent USP37
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent
20 µg/mL of USP Caftaric Acid RS in Solvent USP37
Standard solution C: 20 µg/mL of USP Chlorogenic Acid RS in Solvent
Standard solution D: 20 µg/mL of USP Echinacoside RS in Solvent USP37
Sample solution: Transfer 125 mg of finely powdered Echinacea purpurea Root (capable of
passing through a 40-mesh sieve) to a round-bottom flask equipped with a condenser.
Add 25.0 mL of Solvent, and heat under reflux while shaking by mechanical means for 15
min. Centrifuge, or pass through a membrane filter of 0.45-µm or finer pore size.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
USP37

Suitability requirements
Relative standard deviation: NMT 2% for the chlorogenic
chicoric USP37
acid peak in repeated injections, Standard solution B
Standard solution A USP37
Analysis
Samples: Standard solution A, Standard solution B,
Standard solution C, Standard solution D, USP37
and Sample solution
Identify the relevant analytes in the chromatogram from the Sample solution by
comparison with the chromatogram from Standard solution A. Measure the areas for the
relevant peaks.
USP37

Separately calculate the percentage of caftaric acid (C13 H12 O9 ), chicoric acid
(C22 H18 O12 ), and chlorogenic acid (C16 H18 O9 ) in the portion of Echinacea purpurea Root
taken:
Result = (rU/rS) × CS × (V/W) × F × 100
Result = (rU/rS) × CS × (V/W) × 100

USP37

rU= peak area of the relevant analyte from the Sample solution
rS= peak area of chlorogenic acid from Standard solution B
the relevant analyte from the corresponding Standard solution USP37
C=
S concentration of USP Chlorogenic Acid RS in Standard solution B
the relevant analyte in the corresponding Standard solution (mg/mL) USP37
V= volume of the Sample solution (mL)
W= weight of Echinacea purpurea taken to prepare the Sample solution (mg)
F= response factor: chicoric acid, 0.695; caftaric acid, 0.881; and chlorogenic acid, 1.000
USP37

Calculate the percentage of total phenols in the portion of Echinacea purpurea Root taken
by adding the individual percentages calculated.
Acceptance criteria: NLT 0.5% of total phenols on the dried basis
• Content of Alkamides
Mobile phase: Acetonitrile and water (55:45)
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Standard solution A: 5 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol. Dissolve using sonication and shaking for 10 min. After dilution, pass through a
membrane filter having a 0.45-µm or finer pore size.
Standard solution B: 10 µg/mL of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in
methanol
Sample solution: Transfer about 2.5 g of finely powdered Echinacea purpurea Root
(capable of passing through a 40-mesh sieve) into a round-bottom flask. Add 80 mL of
methanol, and reflux for 30 min. Cool to room temperature, and filter into a 100-mL
volumetric flask using small portions of methanol to rinse the flask and the filter. Dilute
with methanol to volume. Pass through a membrane filter having a 0.45-µm or finer pore
size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for alkamides provided with USP Powdered Echinacea
purpurea Extract RS.
Resolution: NLT 1.0 between dodecatetraenoic acid isobutylamide peaks, Standard
solution A
Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid isobutylamide peak, Standard
solution B
Relative standard deviation: NMT 2.5% for the 2E,4E-hexadienoic acid isobutylamide
peak in repeated injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the peaks of the 10 major alkamides in the chromatogram from the Sample
solution by comparison with the chromatogram from Standard solution A. Measure the
areas for the relevant peaks.
Calculate the percentage of alkamides in the portion of Echinacea purpurea Root taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= sum of the peak areas of the relevant analytes from the Sample solution
rS= peak area of 2E,4E-hexadienoic acid isobutylamide from Standard solution B
C=
S concentration of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in Standard solution B
(mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Echinacea purpurea root taken to prepare the Sample solution (mg)
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F= response factor to convert 2E,4E-hexadienoic acid isobutylamide into dodecatetraenoic
acid isobutylamide, 1.353
Acceptance criteria: NLT 0.025% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III 231 : NMT 10 ppm

USP37

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

USP37

• Articles of Botanical Origin, Pesticide Residues

561 : Meets the requirements

SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: The roots are cylindrical and irregularly branched. The outer surface is dark
brown and longitudinally striated; fractures are short and tough. Transverse sections
show a thin periderm and yellowish xylem with distinct rays. In older roots, the pith is
spongy with a brownish center surrounded by yellow.
Microscopic: Rhizomes and roots in transverse section show a thin outer bark separated
from a wide xylem by a brown vascular cambium. The cork is composed of several rows of
thin-walled cells containing brown pigment. Schizogenous resin canals are present in the
cortex. The rhizome contains bast fibers and stone cells. The xylem, with distinct rays,
contains tracheary elements composed of reticulated vessels and tracheids (about 80 ×
30 µm) with bordered pits and slanted end walls. Vessels and tracheids are surrounded by
thick-walled parenchyma and fibers; fibers are elongated with narrow lumens and funnelshaped ends (20–40 µm wide). Polygonal sclereids (about 50 µm in diameter) are also
present. Xylem fibers have minimal or no phytomelanin deposits (unlike Echinacea
angustifolia and Echinacea pallida). A melanogenic layer is present between adjacent
xylem parenchyma cell walls. The rhizome, with pith, is composed of pitted parenchyma
cells containing inulin crystals. Starch is minimal to absent, and calcium oxalate crystals
are absent.
• Articles of Botanical Origin, Foreign Organic Matter

561 : NMT 3.0%

• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash
ADDITIONAL REQUIREMENTS

561 : NMT 4.0%
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• Packaging and Storage: Store in well-closed, light-resistant containers.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant contained in the article.
Change to read:
• USP Reference Standards 11
USP Caftaric Acid RS
USP Chicoric Acid RS USP37
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS USP37
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP

-Sitosterol RS

USP37

BRIEFING
Powdered Echinacea purpurea, USP 35 page 1280. See Briefing under Echinacea purpurea
Root.
(DS: M. Sharaf.)
Correspondence Number—C119870

Comment deadline: January 31, 2013
Powdered Echinacea purpurea
DEFINITION
Change to read:
Powdered Echinacea purpurea is Echinacea purpurea Root reduced to a powder or very fine
powder.
Echinacea purpurea Root consists of the dried rhizome and roots of Echinacea purpurea (L.)
Moench (Fam. Asteraceae), harvested in the fall after three or more years of growth, and
reduced to powder. It contains NLT 0.5% of total phenols, calculated on the dried basis as the
sum of caftaric acid (C13 H12 O9 ), chicoric acid (C22 H18 O12 ), and chlorogenic acid (C16 H18 O9 ). It
contains NLT 0.025% of alkamides calculated as dodecatetraenoic acid isobutylamides
(C16 H25 NO). USP37
IDENTIFICATION
Delete the following:
• A. Presence of Chicoric Acid and Absence of Echinacoside
Standard solution A: 20 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol
Standard solution B: 1 mg/mL of 1,3-dicaffeoylquinic acid in methanol
Sample solution: Transfer about 1 g of Powdered Echinacea purpurea to a suitable
extraction thimble. Transfer the thimble to a continuous extraction apparatus, and extract
with 50 mL of chloroform for 1 h. Retain the chloroform extract for Identification test B.
Continue the extraction with 50 mL of methanol, and concentrate to a small volume at 40
in vacuum. With the aid of methanol, transfer the extract to a 10-mL volumetric flask, and
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dilute with methanol to volume.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (TLC plates)
Application volume: 10 µL
Developing solvent system: Ethyl acetate, formic acid, and water (17:2:1)
Spray reagent A: 10 mg/mL of diphenylborinic acid, ethanolamine ester in methanol
Spray reagent B: 50 mg/mL of polyethylene glycol 4000 in alcohol
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 18 cm, and dry the
plate in a current of air. Spray the plate with Spray reagent A followed by Spray reagent
B, and examine the plate under UV light at 365 nm.
Acceptance criteria: The chromatogram from the Sample solution shows a yellowish-green
zone at an RF value of 0.75 due to chicoric acid and another yellowish-green zone at an RF
value of 0.45 due to caftaric acid, both zones corresponding in color and RF value to
zones in the chromatogram from Standard solution A. The chromatogram from the Sample
solution does not show or shows only traces of a zone at an RF value of 0.1 due to
echinacoside (present in Echinacea angustifolia and in Echinacea pallida), and does not
show a zone that corresponds in color and RF value to the spot for 1,3-dicaffeoylquinic
acid (cynarin) (present in Echinacea angustifolia) in the chromatogram from Standard
solution B. Other colored zones of varying intensities may be observed in the
chromatogram from the Sample solution. USP37
Delete the following:
• B. Presence of Isobutylalkenylamides
Standard solution A: 100 mg/mL USP Powdered Echinacea purpurea Extract RS in methanol
Standard solution B: 1 mg/mL of -sitosterol in methanol
Sample solution: Evaporate the chloroform extract retained from preparation of the
Sample solution in Identification test A to dryness at 40 in vacuum. To the residue, add 1
mL of alcohol, and pass through a nylon membrane filter having a pore size of 0.45 µm.
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture (TLC plates)
Application volume: 10 µL
Developing solvent system: Hexane and ethyl acetate (2:1)
Spray reagent: Prepare a mixture of glacial acetic acid, sulfuric acid, and p-anisaldehyde
(10:5:0.5) in an ice bath.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
plate in a current of air. Examine the plate under UV light at 254 nm, then spray the plate
with Spray reagent, and heat the plate at 100 for 5 min. Examine the plate under longwavelength UV light.
Acceptance criteria
Under UV light at 254 nm: The chromatogram from the Sample solution shows one main
zone corresponding in RF value to the zone due to dodeca-2E,4E,8Z,10E-tetraenoic acid
isobutylamide and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide in the
chromatogram of Standard solution A, and below this zone there are several other zones
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due to , , , -unsaturated isobutylamides.
After treatment with Spray reagent and heating: The zone due to dodeca-2E,4E,8Z,10Etetraenoic acid isobutylamide and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide
turns blue-black, and below this zone there are several other zones due to , , , unsaturated isobutylamides (not detectable in Echinacea pallida) that turn violet (unlike
the corresponding zones in the chromatogram of Echinacea angustifolia that are mostly
yellowish due to , -unsaturated isobutylamides). A zone due to -sitosterol that
corresponds in RF value to the principal spot in the chromatogram of Standard solution B is
also observed. USP37
Add the following:
• A. Thin-Layer Chromatography
Presence of chicoric acid and absence of echinacoside
Standard solution A: 0.2 mg/mL of USP Echinacoside RS in methanol
Standard solution B: 0.2 mg/mL of USP Caftaric Acid RS, 0.1 mg/mL of USP Chlorogenic
Acid RS, and 0.2 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: Transfer 1 g of Powdered Echinacea purpurea to a centrifuge tube,
add 10 mL of methanol, mix well, and sonicate for 10 min. Centrifuge, and use the
supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL Standard solution C and Sample solution, and 2 µL Standard
solution A and Standard solution B as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water,
and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, heat at 100 for 5 min, derivatize the plate while still warm with
Derivatization reagent, dry in air, and examine under UV light at 366 nm.
System suitability: Standard solution A shows one major blue band in the lower third
section of the chromatogram due to echinacoside. Standard solution B shows two major
blue bands at about the middle of the chromatogram due to caftaric acid (lower RF) and
chlorogenic acid (higher RF) that are clearly separated, and a blue band for chicoric acid
in the upper third section of the chromatogram.
Acceptance criteria: The most prominent band in the Sample solution chromatogram is a
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blue band in the upper third section of the chromatogram at an RF corresponding to the
chicoric acid band in the chromatograms of Standard solution B and Standard solution C
(less prominent in Echinacea pallida and absent or almost absent in Echinacea
angustifolia). The second most prominent band in the Sample solution chromatogram is a
blue band at about the middle of the chromatogram due to caftaric acid, corresponding
to a band in the chromatogram of Standard solution C (absent in Echinacea angustifolia
and a minor band in Echinacea pallida). The Sample solution chromatogram does not
exhibit a band at the RF of echinacoside in Standard solution A (difference from
Echinacea pallida and Echinacea angustifolia). The Sample solution chromatogram may
exhibit minor blue bands corresponding to similar bands in the chromatogram of Standard
solution C. One of these is due to chlorogenic acid at an RF corresponding to chlorogenic
acid in the Standard solution B.
USP37

Add the following:
• B. Thin-Layer Chromatography
Presence of alkylamides
Standard solution A: 0.2 mg/mL of USP -Sitosterol RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Echinacea purpurea Extract RS in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Sample solution: Transfer 1 g of Powdered Echinacea purpurea to a centrifuge tube,
add 10 mL of dichloromethane, mix well, and sonicate for 10 min. Centrifuge, and use
the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL Standard solution B and Sample solution, and 2 µL Standard
solution A as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene, ethyl acetate, cyclohexane, and
formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, slowly
and carefully add 10 mL of acetic acid and 5 mL of sulfuric acid, and mix well. Allow
the mixture to cool to room temperature, then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Condition the plate to a relative humidity of about 33% using a suitable device.
Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min,
set aside to cool, and examine under visible light.
System suitability: The chromatogram of Standard solution B exhibits the most
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prominent band as a pinkish violet band at about the middle of the chromatogram, and
just below this pinkish band, a violet band at a lower RF similar in position and color to
the -sitosterol band in the chromatograms of Standard solution A. These two bands
are clearly separated from each other. The chromatogram of Standard solution B also
shows a broad pink violet band close to the solvent front.
Acceptance criteria: The most prominent band of the Sample solution chromatogram is a
pinkish violet band at about the middle of the chromatogram similar in position and color
to a band in the Standard solution B chromatogram (much less prominent in Echinacea
angustifolia and Echinacea pallida), a violet band corresponding to -sitosterol band in
the chromatograms of Standard solution A and Standard solution B, and a broad pink
violet band close to the solvent front similar in position and color to the a band in the
chromatogram of Standard solution B. The Sample solution chromatogram does not
exhibit a yellow band below the -sitosterol band (difference from Echinacea
angustifolia) or a prominent violet band at about two thirds of the chromatogram
(difference from Echinacea pallida).
USP37

Change to read:
• C. The retention times for the relevant peaks of the Sample solution, mainly due to caftaric
acid and chicoric acid, correspond to those of Standard solution A, as obtained in the test
for Content of Total Phenols. An echinacoside peak is not detectable or is very weak.
The retention time of the major peak in the Sample solution corresponds to that of the
chicoric acid peak in Standard solution A, and the second most prominent peak
corresponds to that of the caftaric acid peak in Standard solution B. The Sample solution
chromatogram shows no or a very minor peak at the retention time corresponding to the
echinacoside peak in the Standard solution D chromatogram. All peaks as obtained in the
test for Content of Total Phenols. USP37
COMPOSITION
Change to read:
• Content of Total Phenols
Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
13
78
22
14
60
40
17.5
60
40
18
90
10
30
90
10
Solvent: Alcohol and water (7:3)
Standard solution A: 5 mg/mL of USP Powdered Echinacea purpurea Extract RS in Solvent.
Dissolve by shaking for 1 min. After dilution, pass through a membrane filter of 0.45-µm or
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finer pore size.
30 µg/mL of USP Chicoric Acid RS in Solvent USP37
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent
20 µg/mL of USP Caftaric Acid RS in Solvent
Standard solution C: 20 µg/mL of USP Chlorogenic Acid RS in Solvent
Standard solution D: 20 µg/mL of USP Echinacoside RS in Solvent USP37
Sample solution: Transfer about 125 mg of Powdered Echinacea purpurea (capable of
passing through a 40-mesh sieve), accurately weighed, to a round-bottom flask equipped
with a condenser. Add 25.0 mL of Solvent, and heat under reflux while shaking by
mechanical means for 15 min. Centrifuge, or pass through a membrane filter of 0.45-µm or
finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Relative standard deviation: NMT 2% for chlorogenic acid peak in repeated injections,
Standard solution B
chicoric acid peak in repeated injections, Standard solution A USP37
Analysis
Samples: Standard solution A, Standard solution B,
Standard solution C, Standard solution D, USP37
and Sample solution
Separately calculate the percentage of caftaric acid (C13 H12 O9 ), chicoric acid
(C22 H18 O12 ), and chlorogenic acid (C16 H18 O9 ) in the portion of Powdered Echinacea
purpurea taken:
Result = (rU/rS) × CS × (V/W) × F × 100
Result = (rU/rS) × CS × (V/W) × 100

USP37

rU= peak area for the relevant analyte from the Sample solution
rS= peak area of chlorogenic acid from Standard solution B
the relevant analyte from the corresponding Standard solution USP37
C=
S concentration of USP Chlorogenic Acid RS in Standard solution B (mg/mL)
the relevant analyte in the corresponding Standard solution (mg/mL) USP37
V= volume of the Sample solution (mL)
W= weight of Powdered Echinacea purpurea used to prepare the Sample solution (mg)
F= response factor: chicoric acid, 0.695; caftaric acid, 0.881; and chlorogenic acid,
1.000
USP37

Calculate the percentage of total phenols in the portion of Powdered Echinacea
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purpurea taken by adding the individual percentages calculated.
Acceptance criteria: NLT 0.5% of total phenols on the dried basis
• Content of Alkamides
Mobile phase: Acetonitrile and water (55:45)
Standard solution A: 5 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol. Dissolve using sonication and shaking for 10 min. After dilution, pass through a
membrane filter having a 0.45-µm or finer pore size.
Standard solution B: 10 µg/mL of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in
methanol
Sample solution: Transfer about 2.5 g of Powdered Echinacea purpurea (capable of
passing through a 40-mesh sieve) into a round-bottom flask. Add 80 mL of methanol, and
reflux for 30 min. Cool to room temperature, and filter into a 100-mL volumetric flask using
small portions of methanol to rinse the flask and the filter. Dilute with methanol to volume.
Pass through a membrane filter having a 0.45-µm or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for alkamides provided with USP Powdered Echinacea
purpurea Extract RS.
Resolution: NLT 1.0 between dodecatetraenoic acid isobutylamide peaks, Standard
solution A
Tailing factor: NMT 2.0 for 2E,4E-hexadienoic acid isobutylamide peak, Standard
solution B
Relative standard deviation: NMT 2.5% for the 2E,4E-hexadienoic acid isobutylamide
peak in repeated injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the peaks of the 10 major alkamides in the chromatogram from the Sample
solution by comparison with the chromatogram from Standard solution A.
Calculate the percentage of alkamides in the portion of Powdered Echinacea purpurea
taken:
Result = (rU/rS) × CS × (V/W) × F × 100
rU= sum of the peak areas of the relevant analytes from the Sample solution
rS= peak area of 2E,4E-hexadienoic acid isobutylamide from Standard solution B
C=
S concentration of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in Standard solution B
(mg/mL)
V= volume of the Sample solution (mL)
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W= weight of Powdered Echinacea purpurea used to prepare the Sample solution (mg)
F= response factor for 2E,4E-hexadienoic acid isobutylamide, 1.353
Acceptance criteria: NLT 0.025% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method III

231 : NMT 10 ppm

USP37

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

USP37

• Articles of Botanical Origin, General Procedure for Pesticide Residues Analysis
Meets the requirements

561 :

SPECIFIC TESTS
• Botanic Characteristics: Under a microscope, the following characteristics are observed:
vessels (80 × 30 µm) with slanted end walls and spiral or pitted secondary walls;
rectangular cork cells (150 × 60 µm) with brown inclusions; rectangular parenchymatous
cells (120 × 30 µm), some pitted; elongated fiber cells having a narrow lumen with funnelshaped end (20–40 µm wide); polygonal sclereids; a melanogenic layer of variable
thickness, interspersed between the cell walls of the parenchyma; and lignified sclereids,
vessels, and fibers. Starch is present; calcium oxalate and inulin crystals are absent.
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 10.0%
• Articles of Botanical Origin, Total Ash

561 : NMT 7.0%

• Articles of Botanical Origin, Acid-Insoluble Ash

561 : NMT 4.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived.
Change to read:
• USP Reference Standards 11
USP Caftaric Acid RS
USP Chicoric Acid RS USP37
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS USP37
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USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP

-Sitosterol RS

USP37

BRIEFING
Powdered Echinacea purpurea Extract, USP 35 page 1282. It is proposed to add a new
Identification test for the Presence of chicoric acid and absence of echinacoside; revise the
current Identification tests; and include the use of new reference materials for
echinacoside, caftaric acid, chicoric acid RS, and
revise the test for Heavy Metals.

-sitosterol RS. It is also proposed to

(DS: M. Sharaf.)
Correspondence Number—C119871

Comment deadline: January 31, 2013
Powdered Echinacea purpurea Extract
DEFINITION
Powdered Echinacea purpurea Extract is prepared from dried Echinacea purpurea Root,
Echinacea purpurea Aerial Parts, or a mixture of them, by extraction with hydroalcoholic
mixtures or other suitable solvents. The ratio of the starting crude plant material to Powdered
Extract is between 2:1 and 8:1. It contains NLT 4.0% of total phenols, calculated as the sum
of caftaric acid (C13 H12 O9 ), chicoric acid (C22 H18 O12 ), and chlorogenic acid (C16 H18 O9 ), on
the dried basis. It contains NLT 0.025% of dodecatetraenoic acid isobutylamides (C16 H25 NO),
calculated on the dried basis.
IDENTIFICATION
Delete the following:
• A. Presence of Isobutylalkenylamides
Standard solution A: 100 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol
Standard solution B: 1 mg/mL of -sitosterol in methanol
Sample solution: Transfer about 1 g of Powdered Echinacea purpurea Extract to a suitable
extraction thimble. Transfer the thimble to a continuous extraction apparatus, and extract
with 50 mL of chloroform for 1 h. Evaporate the chloroform extract to dryness at 40 in
vacuum. To the residue add 1 mL of alcohol, and pass through a nylon membrane filter of
0.45-µm pore size.
Adsorbent: Chromatographic silica gel mixture with an average particle size of 10–15 µm
(TLC plates)
Application volume: 10 µL
Developing solvent system: Hexane and ethyl acetate (2:1)
Spray reagent: Prepare a mixture of glacial acetic acid, sulfuric acid, and p-anisaldehyde
(10:5: 0.5) in an ice bath.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Develop the chromatograms until the solvent front has moved NLT 12 cm, and dry the
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plate in a current of air. Examine the plate under UV light at 254 nm, and then spray the
plate with Spray reagent, and heat the plate at 100 for 5 min.
Acceptance criteria
Under UV light at 254 nm: The chromatogram from the Sample solution shows one main
zone corresponding in RF value to the zone due to dodeca-2E,4E,8Z,10E-tetraenoic acid
isobutylamide and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide in the
chromatogram of Standard solution A, and below this zone there are several other zones
due to , , , -unsaturated isobutylamides.
After treatment with Spray reagent and heating: The zone due to dodeca-2E,4E,8Z,10Etetraenoic acid isobutylamide and dodeca-2E,4E,8Z,10Z-tetraenoic acid isobutylamide
turns blue-black, and below this zone there are several other zones due to , , , unsaturated isobutylamides (not detectable in Echinacea pallida) that turn violet (unlike
the corresponding zones in the chromatogram of Echinacea angustifolia that are mostly
yellowish due to , -unsaturated isobutylamides). A zone due to -sitosterol that
corresponds in RF value to the principal spot in the chromatogram of Standard solution B is
also observed. USP37
Delete the following:
• B. The retention times of the peaks for chicoric and caftaric acids of the Sample solution
correspond to those of Standard solution A, as obtained in the test for Content of Total
Phenols. An echinacoside peak is not detectable or is very weak. USP37
Add the following:
• A. Thin-Layer Chromatography
Presence of chicoric acid and absence of echinacoside
Standard solution A: 0.2 mg/mL of USP Echinacoside RS in methanol
Standard solution B: 0.2 mg/mL of USP Caftaric Acid RS, 0.1 mg/mL of USP Chlorogenic
Acid RS, and 0.2 mg/mL of USP Chicoric Acid RS in methanol
Standard solution C: 20 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol. Shake to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Sample solution: 20 mg/mL of Powdered Echinacea purpurea Extract in methanol. Shake
to disperse, sonicate for 5 min, and centrifuge. Use the supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 5 µL Standard solution C and Sample solution, and 2 µL Standard
solution A and Standard solution B as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, methylethyl ketone, water,
and formic acid (5:3:1:1)
Developing distance: 6 cm
Derivatization reagent: 5 mg/mL of 2-aminoethyl diphenylborinate in ethyl acetate
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
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Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, heat at 100 for 5 min, derivatize the plate while still warm with
Derivatization reagent, dry in air, and examine under UV light at 366 nm.
System suitability: Standard solution A shows one major blue band in the lower third
section of the chromatogram due to echinacoside. Standard solution B shows two blue
bands at about the middle of the chromatogram due to caftaric acid (lower RF) and
chlorogenic acid (higher RF) that are clearly separated, and a blue band for chicoric acid
in the upper third section of the chromatogram.
Acceptance criteria: The most prominent band in the Sample solution chromatogram is a
blue band in the upper third section of the chromatogram at an RF corresponding to the
chicoric acid band in the chromatograms of Standard solution B and Standard solution C
(less prominent in Echinacea pallida and absent or almost absent in Echinacea
angustifolia). The second most prominent band in the Sample solution chromatogram is a
blue band at about the middle of the chromatogram due to caftaric acid, corresponding
to a band in the chromatograms of Standard solution B and Standard solution C (absent
in Echinacea angustifolia and a minor band in Echinacea pallida). The Sample solution
chromatogram does not exhibit a band at the RF of echinacoside in Standard solution A
(difference from Echinacea pallida and Echinacea angustifolia). The Sample solution
chromatogram may exhibit minor blue bands corresponding to similar bands in the
chromatogram of Standard solution C. One of these is due to chlorogenic acid at an RF
corresponding to chlorogenic acid in Standard solution B.
USP37

Add the following:
• B. Thin-Layer Chromatography
Presence of alkylamides
Standard solution A: 0.2 mg/mL of USP -Sitosterol RS in methanol
Standard solution B: 100 mg/mL of USP Powdered Echinacea purpurea Extract RS in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Sample solution: 100 mg/mL of Powdered Echinacea purpurea Extract in
dichloromethane. Shake to disperse, sonicate for 5 min, and centrifuge. Use the
supernatant.
Chromatographic system
(See Chromatography 621 , Thin–Layer Chromatography.)
Adsorbent: Chromatographic silica gel with an average particle size of 5 µm (HPTLC
plates)
Application volume: 5 µL Standard solution B and Sample solution, and 2 µL Standard
solution A, as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene, ethyl acetate, cyclohexane, and
formic acid (8: 2: 1: 0.3)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, slowly
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and carefully add 10 mL of acetic acid and 5 mL of sulfuric acid, and mix well. Allow
the mixture to cool to room temperature, then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable thin-layer chromatographic plate, and dry in
air. Develop the chromatograms in a saturated chamber. Remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min,
set aside to cool, and examine under visible light.
System suitability: The chromatogram of Standard solution B exhibits the most
prominent band as a pinkish violet band at about the middle of the chromatogram, and
just below this pinkish band, a violet band at a lower Rf similar in position and color to
the -sitosterol band in the chromatograms of Standard solution A. These two bands
are clearly separated from each other. The chromatogram of Standard solution B also
shows a broad pink violet band close to the solvent front. The -sitosterol band of the
Standard solution B chromatogram and the pinkish violet band underneath are clearly
separated from one another.
Acceptance criteria: The most prominent band of the Sample solution chromatogram is a
pinkish violet band at about the middle of the chromatogram similar in position and color
to a band in Standard solution B chromatogram (much less prominent in Echinacea
angustifolia and Echinacea pallida), a violet band corresponding to -sitosterol band in
the chromatograms of Standard solution A and Standard solution B, and a broad pink
violet band close to the solvent front similar in position and color to the a band in the
chromatogram of Standard solution B. The Sample solution chromatogram does not
exhibit a yellow band below the -sitosterol band (difference from Echinacea
angustifolia) or a prominent violet band at about two-thirds of the chromatogram
(difference from Echinacea pallida).
USP37

Add the following:
• C. The retention time of the major peak in the Sample solution corresponds to that of the
chicoric acid peak in Standard solution A, and the second most prominent peak
corresponds to that of the caftaric acid peak in Standard solution B. The Sample solution
chromatogram shows no or a very minor peak at the retention time corresponding to the
echinacoside peak in the Standard solution D chromatogram, all peaks as obtained in the
test for Content of Total Phenols. USP37
COMPOSITION
Change to read:
• Content of Total Phenols
Solvent: Alcohol and water (7:3)
Standard solution A: 5 mg/mL of USP Powdered Echinacea purpurea Extract RS in Solvent.
Dissolve by shaking for 1 min. After dilution, pass through a membrane filter having a 0.45µm or finer pore size.
30 µg/mL of USP Chicoric Acid RS in Solvent USP37
Standard solution B: 40 µg/mL of USP Chlorogenic Acid RS in Solvent
20 µg/mL of USP Caftaric Acid RS in Solvent
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Standard solution C: 20 µg/mL of USP Chlorogenic Acid RS in Solvent
Standard solution D: 20 µg/mL of USP Echinacoside RS in Solvent USP37
Sample solution: Transfer 60 mg of Powdered Echinacea purpurea Extract to a roundbottom flask equipped with a condenser. Add 25 mL of Solvent, and heat under reflux
while shaking by mechanical means for 15 min. Centrifuge, or pass through a membrane
filter of 0.45-µm or finer pore size.
Solution A: Phosphoric acid (0.1 in 100) in water
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
90
10
13
78
22
14
60
40
17
60
40
17.5
90
10
22
90
10
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 330 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 35
Flow rate: 1.5 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Relative standard deviation: NMT 2% for chlorogenic acid peak in repeated injections,
Standard solution B
chicoric acid peak in repeated injections, Standard solution A USP37
Analysis
Samples: Standard solution A, Standard solution B,
Standard solution C, Standard solution D, USP37
and Sample solution
Separately calculate the percentage of caftaric acid (C13 H12 O9 ), chicoric acid
(C22 H18 O12 ), and chlorogenic acid (C16 H18 O9 ) in the portion of Powdered Echinacea
purpurea Extract taken:
Result = (rU/rS) × (CS/CU) × F × 100
Result = (rU/rS) × (CS/CU) × 100

USP37

rU= peak response for the relevant analyte from the Sample solution
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rS= peak response of chlorogenic acid from Standard solution B
the relevant analyte from the corresponding Standard solution USP37
C=
S concentration of USP Chlorogenic Acid RS in Standard solution B
the relevant analyte in the corresponding Standard solution USP37
C=
U concentration of Echinacea purpurea in the Sample solution (mg/mL)
F= response factor: chicoric acid, 0.695; caftaric acid, 0.881; and chlorogenic acid, 1.000
USP37

Calculate the percentage of total phenols in the portion of Powdered Echinacea purpurea
Extract taken by adding the individual percentages calculated.
Acceptance criteria: NLT 4.0% on the dried basis
• Content of Dodecatetraenoic Acid Isobutylamides
Standard solution A: 5 mg/mL of USP Powdered Echinacea purpurea Extract RS in
methanol. Dissolve using sonication and shaking for 10 min. After dilution, pass through a
membrane filter having a 0.45-µm or finer pore size.
Standard solution B: 10 µg/mL of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in
methanol
Sample solution: Transfer about 500 mg of Powdered Echinacea purpurea Extract,
accurately weighed, into a 100-mL volumetric flask. Add 80 mL of methanol, and sonicate
for 30 min. Cool to room temperature, and dilute with methanol to volume. Pass through a
membrane filter of 0.45-µm or finer pore size.
Mobile phase: Acetonitrile and water (55:45)
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 25 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution A is similar to
the Reference Chromatogram for alkamides provided with USP Powdered Echinacea
purpurea Extract RS.
Resolution: NLT 1.0 between dodecatetraenoic acid isobutylamide peaks, Standard
solution A
Tailing factor: NMT 2.0 for the 2E,4E-hexadienoic acid isobutylamide peak, Standard
solution B
Relative standard deviation: NMT 2.5% for the 2E,4E-hexadienoic acid isobutylamide
peak in repeated injections, Standard solution B
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Identify the peaks due to 2E,4E,8Z,10E-dodecatetraenoic acid isobutylamide and
2E,4E,8Z,10Z-dodecatetraenoic acid isobutylamide in the chromatogram from the
Sample solution by comparison with the chromatogram from Standard solution A.
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Measure the areas for the relevant peaks.
Calculate the percentage of dodecatetraenoic acid isobutylamides in the portion of
Powdered Echinacea purpurea Extract taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= sum of the peak responses of the relevant analytes from the Sample solution
rS= peak response from Standard solution B
C=
S concentration of USP 2E,4E-Hexadienoic Acid Isobutylamide RS in Standard solution B
(mg/mL)
C=
U concentration of Echinacea purpurea in the Sample solution (mg/mL)
F= response factor to convert 2E,4E-hexadienoic acid isobutylamide into dodecatetraenoic
acid isobutylamides, 1.353
Acceptance criteria: NLT 0.025% on the dried basis
CONTAMINANTS
Delete the following:
• Heavy Metals, Method II

231 : NMT 20 ppm

USP37

Add the following:
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

USP37

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 104
cfu/g. The total combined molds and yeasts count does not exceed 103 cfu/g.
• Microbiological Procedures for Absence of Specified Microorganisms 2022 : It meets
the requirements of the tests for absence of Salmonella species and Escherichia coli.
• Botanical Extracts, Residual Solvents

565 : Meets the requirements

SPECIFIC TESTS
• Loss on Drying 731
Sample: 1 g
Analysis: Dry the Sample at 105 for 2 h.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, in a cool place.
• Labeling: The label states the Latin binomial and, following the official name, the parts of
the plant from which the article was prepared. If derived from root and aerial parts,
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indicate the corresponding percentages. Label it to indicate the content of total phenols
and dodecatetraenoic isobutylamides. The label bears a statement indicating that
Echinacea purpurea may cause rare allergic reactions, rashes, or aggravate asthma. It
meets the requirements for Botanical Extracts

565 , Labeling.

Change to read:
• USP Reference Standards 11
USP Caftaric Acid RS
USP Chicoric Acid RS USP37
USP Chlorogenic Acid RS
USP Powdered Echinacea purpurea Extract RS
USP Echinacoside RS USP37
USP 2E,4E-Hexadienoic Acid Isobutylamide RS
USP

-Sitosterol RS

USP37

BRIEFING
Holy Basil; Powdered Holy Basil; and Powdered Holy Basil Extract. New USP dietary
supplements monographs are proposed. The liquid chromatographic procedure in the test for
Content of Triterpenes is based on analyses performed with the Luna C18(2)-HST brand of
L1 columns, with 2.5-µm packing. The typical retention times are about 24.9 and 26.1 min
for oleanolic acid and ursolic acid, respectively.
(DS: M. Sharaf.)
Correspondence Number—C113406

Comment deadline: January 31, 2013
Add the following:
Holy Basil
DEFINITION
Holy Basil consists of the dried leaf of Ocimum tenuiflorum L. (Fam. Lamiaceae). It contains
NLT 0.5% of triterpenes, calculated as the sum of oleanolic acid and ursolic acid, on the dried
basis.
IDENTIFICATION
• A. Holy Basil meets the requirements for Specific Tests, Botanic Characteristics.
• B. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Rosmarinic Acid RS in methanol
Standard solution B: 10 mg/mL of USP Powdered Holy Basil Extract RS in methanol
Sample solution: Sonicate about 1 g of Holy Basil, finely powdered, in 10 mL of methanol
for 10 min, centrifuge, and use the supernatant. [Note—Reserve a portion of the
supernatant for Identification test C.]
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 2 µL of Standard solution A, 4 µL of Standard solution B, and 8 µL
of Sample solution as 8-mm bands
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Relative humidity: Condition the plate to a relative humidity of about 33%, using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, formic acid, and water
(15:1:1)
Developing distance: 6 cm
Derivatization reagent A: 5-mg/mL solution of 2-aminoethyl diphenylborinate in ethyl
acetate
Derivatization reagent B: 50-mg/mL solution of polyethylene glycol 400 in
dichloromethane
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air (see Chromatography 621 ). Develop the chromatograms in a
saturated chamber, remove the plate from the chamber, and dry in air. Heat the plate at
100 for 3 min, derivatize the plate while still warm with Derivatization reagent A, and dry
in air. Then derivatize with Derivatization reagent B, dry in air, and examine under UV light
at 366 nm.
System suitability: The chromatogram of Standard solution B exhibits, in the upper third
section, a blue fluorescent band corresponding to the band due to rosmarinic acid in the
chromatogram of Standard solution A, and a less intense blue fluorescent band directly
above the band due to rosmarinic acid, corresponding to caffeic acid, and a red band
above the caffeic acid band. The bands due to rosmarinic acid and caffeic acid are clearly
separated. The chromatogram of Standard solution B also shows the most intense band,
an orange band, in the lower third section of the chromatogram; and two greenish bands
in the middle third section of the chromatogram.
Acceptance criteria: The chromatogram of the Sample solution exhibits the following
bands corresponding to similar bands in the chromatogram of Standard solution B: a blue
fluorescent band at an RF corresponding to the rosmarinic acid band; a less intense blue
fluorescent band at an RF above that of the rosmarinic acid band, corresponding to caffeic
acid; a red band above the caffeic acid band; a red band at the solvent front due to
chlorophyll; two greenish bands in the middle third section of the chromatogram; and the
most intense band, an orange band, with a blue band right above in the lower third
section of the chromatogram (distinction from sage leaf, thyme leaf, basil leaf, and
oregano leaf, all of which show two orange bands in the lower third section of the
chromatogram; and lemon balm leaf which lacks this band.). The Sample solution does not
exhibit yellowish-orange bands in the middle section of the chromatogram (distinction from
rosemary leaf and thyme leaf).
• C. Thin-Layer Chromatography
Standard solution A: 0.2 mg/mL of USP Ursolic Acid RS in methanol
Standard solution B: 1.0 mg/mL of eugenol in methanol
Standard solution C: 1.0 mg/mL of methyleugenol in methanol
Standard solution D: 10 mg/mL of USP Powdered Holy Basil Extract RS in methanol
Sample solution: Use the solution prepared in Identification test B.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
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Application volume: 2 µL each of Standard solution A, Standard solution B, and
Standard solution C, 4 µL of Standard solution D, and 8 µL of the Sample solution as 8mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene and ethyl acetate (85:15)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool in a
water–ice cubes–salt bath or in a freezer. To the ice-cold methanol add 10 mL of acetic
acid and 5 mL of sulfuric acid, slowly and carefully, and mix well. Allow the mixture to
cool to room temperature, and then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, and Sample solution
Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air (see Chromatography 621 ). Develop the chromatograms in a
saturated chamber, remove the plate from the chamber, dry in air, derivatize with
Derivatization reagent, heat at 100 for 3–5 min, set aside to cool, and examine under
visible light.
System suitability: Standard solution A exhibits a violet band. Standard solution B and
Standard solution C each exhibit a greenish band. Standard solution D exhibits a purple
band above the green band corresponding to eugenol or methyleugenol in Standard
solution B or Standard solution C.
Acceptance criteria: The chromatogram of the Sample solution exhibits the most intense
band, a violet band, at an RF corresponding to the ursolic acid band in the chromatogram
of Standard solution A and Standard solution D, and a greenish band at an RF
corresponding to the eugenol band or methyleugenol band in the chromatograms of
Standard solution B or Standard solution C. [Note—Holy Basil may occur in two
chemotypes, one characterized by the presence of eugenol and the other by the
presence of methyleugenol.]
• D. HPLC
Analysis: Proceed as directed in the test for Content of Triterpenes.
Acceptance criteria: The chromatogram of the Sample solution exhibits two peaks at the
retention times corresponding to the ursolic acid and oleanolic acid peaks from the
Standard solutions.
COMPOSITION
• Content of Triterpenes
Mobile phase: A mixture of acetonitrile and a 2.5-mg/mL solution of ammonium acetate in
water (67:33)
Standard solution A: 0.1 mg/mL of USP Ursolic Acid RS in methanol. Sonicate to dissolve,
if necessary.
Standard solution B: 4.0 mg/mL of USP Powdered Holy Basil Extract RS in methanol.
Sonicate to dissolve, if necessary. Before injection, pass through a membrane filter of
0.45-µL or finer pore size.
Sample solution: Transfer about 3.0 g of Holy Basil, finely powdered and accurately
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weighed, to a 100-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of
methanol, reflux on a water bath for 20 min, cool to room temperature, and decant the
supernatant. Repeat until the last extract is colorless. Combine the extracts, filter,
concentrate under vacuum, and adjust with methanol to a volume of 100 mL. Before
injection, pass through a membrane filter having a 0.45-µm or finer pore size, discarding
the first few mL of filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 205 nm
Column: 3.0-mm × 10-cm; 2.5-µm packing L1
Flow rate: 0.3 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Holy Basil Extract
RS being used.
Resolution: NLT 1.3 between the oleanolic acid and ursolic acid peaks, Standard
solution B
Relative standard deviation: NMT 2% for the ursolic acid peak, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Holy Basil Extract RS being used,
identify the retention time of the peaks corresponding to oleanolic acid and ursolic acid
in the Sample solution chromatogram.
Calculate the percentage of triterpenes, oleanolic acid, and ursolic acid in the portion of
Holy Basil taken:
Result = (rU/rS) × CS ×(V/W) × 100
rU= sum of the peak areas of oleanolic acid and ursolic acid from the Sample solution
rS= peak area of ursolic acid from Standard solution A
C=
S concentration of ursolic acid in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Holy Basil taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 0.5% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233
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• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: The leaves are petiolate; simple; elliptic oblong to elliptic; apex acute or
obtuse; margin serrate or occasionally entire; base acute or obtuse; pubescent, more
trichomes on the lower surface around its midrib; venation reticulate, veins more
prominent on lower surface; petiole cylindrical, slightly grooved on the upper surface, with
trichomes. The upper surface is green; the lower surface is pale green; characteristic
aromatic odor. Pharmacopeial article consists of dry, yellowish-green, brittle, leaves.
Microscopic
Transverse section of leaf: Lamina is dorsiventral; upper epidermis and lower epidermis,
each a single layer of rectangular cells covered with thin cuticle, showing plenty of
covering and glandular trichomes, more on the lower epidermis; covering trichomes are
uniseriate, unicellular to multicellular, often bent, with bulging basal cells; glandular
trichomes are of various sizes and shapes, majority are sessil with 4-celled head, few
with a single-celled stalk, some with 1- to 2-celled stalk and 1- to 2-celled head; a
layer of palisade cells under the upper epidermis in the lamina region; 2–4 rows of
collenchyma cells under each epidermis in the midrib region; an arc of conjoint, collateral
vascular bundles in the center, and 2–4 patches of phloem bundles or rudimentary small
vascular bundles above the arc; and spongy parenchyma cells rich in oleoresin contents.
Transverse section of petiole: Similar to the transverse section through the midrib of
the leaf; upper epidermis and lower epidermis, each a single layer of rectangular cells
covered with thin cuticle, showing plenty of covering and glandular trichomes; 2–4 rows
of collenchyma cells under each epidermis; an arc of conjoint, collateral vascular bundle
in the center, a row of small rudimentary vascular bundles above the arc facing the
upper side, and an isolated vascular bundle at each end of the arc; and spongy
parenchyma cells.
• Articles of Botanical Origin, Foreign Organic Matter
of other foreign matter
• Loss on Drying 731
Sample: 1.0 g of finely powdered Holy Basil
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 10%
• Articles of Botanical Origin, Total Ash 561
Sample: 2 g of finely powdered Holy Basil
Acceptance criteria: NMT 18%
• Articles of Botanical Origin, Acid-Insoluble Ash
Sample: 2–4 g of finely powdered Holy Basil

561

561 : NMT 5% of stems; NMT 2.0%
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Acceptance criteria: NMT 3%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binominal and, following the official name, the part of
the plant contained in the article.
• USP Reference Standards 11
USP Powdered Holy Basil Extract RS
USP Rosmarinic Acid RS
USP Ursolic Acid RS
USP37

BRIEFING
Powdered Holy Basil. See the Briefing under Holy Basil.
(DS: M. Sharaf.)
Correspondence Number—C113409

Comment deadline: January 31, 2013
Add the following:
Powdered Holy Basil
DEFINITION
Powdered Holy Basil is the pulverized dried leaf of Ocimum tenuiflorum L. (Fam. Lamiaceae). It
contains NLT 0.5% of triterpenes, calculated as the sum of oleanolic acid and ursolic acid, on
the dried basis.
IDENTIFICATION
• A. Powdered Holy Basil meets the requirements for Specific Tests, Botanic Characteristics.
• B. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Rosmarinic Acid RS in methanol
Standard solution B: 10 mg/mL of USP Powdered Holy Basil Extract RS in methanol
Sample solution: Sonicate about 1 g of Powdered Holy Basil in 10 mL of methanol for 10
min, centrifuge, and use the supernatant. [Note—Reserve a portion of the supernatant for
Identification test C.]
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 2 µL of Standard solution A, 4 µL of Standard solution B, and 8 µL
of the Sample solution as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, formic acid, and water
(15:1:1)
Developing distance: 6 cm
Derivatization reagent A: 5-mg/mL solution of 2-aminoethyl diphenylborinate in ethyl
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acetate
Derivatization reagent B: 50-mg/mL solution of polyethylene glycol 400 in
dichloromethane
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air (see Chromatography

621 ). Develop the chromatograms in a

saturated chamber, remove the plate from the chamber, dry in air, heat at 100 for 3 min,
derivatize the plate while still warm with Derivatization reagent A, dry in air, then
derivatize with Derivatization reagent B, dry in air, and examine under UV light at 366 nm.
System suitability: The chromatogram of Standard solution B exhibits, in the upper third
section, a blue fluorescent band corresponding to the band due to rosmarinic acid in the
chromatogram of Standard solution A, and a less intense blue fluorescent band, right
above the band due to rosmarinic acid, corresponding to caffeic acid, and a red band
above the caffeic band. The bands due to rosmarinic acid and caffeic acid are clearly
separated. The chromatogram of Standard solution B also shows the most intense band,
an orange band, in the lower third section of the chromatogram, and two greenish bands
in the middle third section of the chromatogram.
Acceptance criteria: The chromatogram of the Sample solution exhibits the following
bands corresponding to similar bands in Standard solution B: a blue fluorescent band at an
RF corresponding to the rosmarinic acid band; a less intense blue fluorescent band at an RF
above that of the rosmarinic acid band, corresponding to caffeic acid; a red band above
the caffeic acid band; and a red band at the solvent front due to chlorophyl; two greenish
bands in the middle third section of the chromatogram; and the most intense band, an
orange band, with a blue band right above in the lower third section of the chromatogram
(distinction from sage leaf, thyme leaf, basil leaf, and oregano leaf, all show two orange
bands in the lower third section of the chromatogram; and lemon balm leaf which lacks the
band). The Sample solution does not exhibit yellowish-orange bands at the middle of the
chromatogram (distinction from rosemary leaf and thyme leaf).
• C. Thin-Layer Chromatography
Standard solution A: 0.2 mg/mL of USP Ursolic Acid RS in methanol
Standard solution B: 1.0 mg/mL of eugenol in methanol
Standard solution C: 1.0 mg/mL of methyleugenol in methanol
Standard solution D: 10 mg/mL of USP Powdered Holy Basil Extract RS in methanol
Sample solution: Use the solution prepared in Identification test B.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 2 µL of Standard solution A, Standard solution B, and Standard
solution C; 4 µL of Standard solution D, and 8 µL of the Sample solution as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene and ethyl acetate (85:15)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, add 10
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mL of acetic acid and 5 mL of sulfuric acid, slowly and carefully, and mix well. Allow the
mixture to cool to room temperature, and then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, and Sample solution. Apply the samples as bands to a suitable high
performance thin-layer chromatographic plate, and dry in air (see Chromatography
621 ). Develop the chromatograms in a saturated chamber, remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min, set
aside to cool, and examine under visible light.
System suitability: Standard solution A exhibits a violet band. Standard solution B and
Standard solution C each exhibit a greenish band. Standard solution D exhibits a purple
band above the green band corresponding to eugenol or methyleugenol in Standard
solution B or Standard solution C.
Acceptance criteria: The chromatogram of the Sample solution exhibits the most intense
band, a violet band at an RF corresponding to the ursolic acid band in the chromatogram
of Standard solution A and Standard solution D, and a greenish band at an RF
corresponding to the eugenol band or methyleugenol band in the chromatograms of
Standard solution B or Standard solution C. [Note—Holy Basil may occur in two
chemotypes, one characterized by the presence of eugenol and the other by the
presence of methyleugenol.]
• D. HPLC
Analysis: Proceed as directed in the test for Content of Triterpenes.
Acceptance criteria: The chromatogram of the Sample solution exhibits two peaks at the
retention times corresponding to the ursolic acid and oleanolic acid in the Standard
solutions.
COMPOSITION
• Content of Triterpenes
Mobile phase: A mixture of acetonitrile and a solution of 2.5 mg/mL ammonium acetate in
water (67:33)
Standard solution A: 0.1 mg/mL of USP Ursolic Acid RS in methanol. Sonicate to dissolve if
necessary.
Standard solution B: 4.0 mg/mL of USP Powdered Holy Basil Extract RS in methanol.
Sonicate to dissolve if necessary. Before injection, pass through a membrane filter of
0.45-µL or finer pore size.
Sample solution: Transfer about 3.0 g of Powdered Holy Basil, accurately weighed, to a
100-mL round-bottom flask fitted with a reflux condenser. Add 50 mL of methanol, reflux
on a water bath for 20 min, cool to room temperature, and decant the supernatant.
Repeat until the last extract is colorless. Combine the extracts, filter, concentrate under
vacuum and adjust the volume to 100 mL using methanol. Before injection, pass through a
membrane filter having a 0.45-µm or finer pore size, discarding the first few mL of the
filtrate.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 205 nm
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Column: 3.0-mm × 10-cm; 2.5-µm packing L1
Flow rate: 0.3 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Holy Basil Extract
RS being used.
Resolution: NLT 1.3 between the oleanolic acid and ursolic acid peaks, Standard
solution B
Relative standard deviation: NMT 2% determined from the ursolic acid peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Holy Basil Extract RS being used,
identify the retention time of the peaks corresponding to oleanolic acid and ursolic acid in
the Sample solution chromatogram.
Calculate the percentage of triterpenes, oleanolic acid, and ursolic acid in the portion of
Powdered Holy Basil taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= sum of peak areas of oleanolic acid and ursolic acid in the Sample solution
chromatogram
rS= peak area for ursolic acid in the Standard solution A chromatogram
C=
S concentration of ursolic acid in Standard solution A (mg/mL)
V= volume of the Sample solution (mL)
W= weight of Powdered Holy Basil taken to prepare the Sample solution (mg)
Acceptance criteria: NLT 0.5% on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
105 cfu/g, the total combined molds and yeasts count does not exceed 103 cfu/g, and the
bile-tolerant Gram-negative bacteria does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
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SPECIFIC TESTS
• Botanic Characteristics
Macroscopic: Yellowish-green powder; characteristic aromatic odor
Microscopic: It shows fragments of epidermal cell, straight anticlinal walls on the upper
surface and slightly wavy on the lower surface, with diacytic stomata, with covering and
glandular trichomes; covering trichomes, uniseriate, unicellular to multicellular, often bent,
with bulging basal cells; 4-celled head and 1- to 2-celled head glandular trichomes; fibres;
and vascular tissue.
• Loss on Drying 731
Sample: 1.0 g of Powdered Holy Basil
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 10%
• Articles of Botanical Origin, Total Ash
Sample: 2 g of Powdered Holy Basil
Acceptance criteria: NMT 18%

561

• Articles of Botanical Origin, Acid-insoluble Ash
Sample: 2–4 g of Powdered Holy Basil
Acceptance criteria: NMT 3%

561

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at room temperature.
• Labeling: The label states the Latin binominal and, following the official name, the part of
the plant from which the article was derived.
• USP Reference Standards 11
USP Powdered Holy Basil Extract RS
USP Rosmarinic Acid RS
USP Ursolic Acid RS
USP37

BRIEFING
Powdered Holy Basil Extract. See the Briefing under Holy Basil.
(DS: M. Sharaf.)
Correspondence Number—C113410

Comment deadline: January 31, 2013
Add the following:
Powdered Holy Basil Extract
DEFINITION
Powdered Holy Basil Extract is prepared from Holy Basil by extraction with mixtures of alcohol–
water or methanol–water. It contains NLT 90.0% and NMT 110.0% of the labeled amount of
triterpenes, calculated as the sum of oleanolic acid and ursolic acid, on the dried basis. It may
contain suitable added substances as carriers.
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IDENTIFICATION
• A. Thin-Layer Chromatography
Standard solution A: 0.5 mg/mL of USP Rosmarinic acid RS in methanol
Standard solution B: 10 mg/mL of USP Powdered Holy Basil Extract RS in methanol
Sample solution: 10 mg/mL of Powdered Holy Basil Extract in methanol. [Note—Reserve a
portion for use in Identification test B.]
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 2 µL of Standard solution A, 4 µL of Standard solution B, and 8 µL
of the Sample solution as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of ethyl acetate, formic acid, and water
(15:1:1)
Developing distance: 6 cm
Derivatization reagent A: 5-mg/mL solution of 2-aminoethyl diphenylborinate in ethyl
acetate
Derivatization reagent B: 50-mg/mL solution of polyethylene glycol 400 in
dichloromethane
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate, and dry in air (see Chromatography

621 ). Develop the chromatograms in a

saturated chamber, remove the plate from the chamber, dry in air, heat at 100 for 3
min, derivatize the plate while still warm with Derivatization reagent A, dry in air, then
derivatize with Derivatization reagent B, dry in air, and examine under UV light at 366
nm.
System suitability: The chromatogram of Standard solution B exhibits, in the upper third
section, a blue fluorescent band corresponding to the band due to rosmarinic acid in the
chromatogram of Standard solution A, and a less intense blue fluorescent band, right
above the band due to rosmarinic acid, corresponding to caffeic acid, and a red band
above the caffeic acid band. The bands due to rosmarinic acid and caffeic acid are clearly
separated. The chromatogram of Standard solution B also shows the most intense band,
an orange band, in the lower third section of the chromatogram, and two greenish bands
in the middle third section of the chromatogram.
Acceptance criteria: The chromatogram of the Sample solution exhibits the following
bands corresponding to similar bands in the chromatogram of Standard solution B: a blue
fluorescent band at an RF corresponding to the rosmarinic acid band; a less intense blue
fluorescent band at an RF above that of the rosmarinic acid band, corresponding to caffeic
acid; a red band above the caffeic acid band; and a red band at the solvent front due to
chlorophyl; two greenish bands in the middle third section of the chromatogram; and the
most intense band, an orange band, with a blue band above in the lower third section of
the chromatogram (distinction from sage leaf, thyme leaf, basil leaf, and oregano leaf, all
show two orange bands in the lower third section of the chromatogram; and lemon balm
leaf which lacks this band). The Sample solution does not exhibit yellowish-orange bands
in the middle section of the chromatogram (distinction from rosemary leaf and thyme leaf).
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• B. Thin-Layer Chromatography
Standard solution A: 0.2 mg/mL of USP Ursolic Acid RS in methanol
Standard solution B: 1.0 mg/mL of eugenol in methanol
Standard solution C: 1.0 mg/mL of methyleugenol in methanol
Standard solution D: 10 mg/mL of USP Powdered Holy Basil Extract RS in methanol
Sample solution: Use the solution prepared in Identification test A.
Chromatographic system
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 2 µL of Standard solution A, Standard solution B, and Standard
solution C, 4 µL of Standard solution D, and 8 µL of the Sample solution as 8-mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: A mixture of toluene and ethyl acetate (85:15)
Developing distance: 6 cm
Derivatization reagent: Place 85 mL of methanol in a 100-mL glass bottle, and cool it
down in a water–ice cubes–salt bath or in a freezer. To the ice-cold methanol, add 10
mL of acetic acid and 5 mL of sulfuric acid, slowly and carefully, and mix well. Allow the
mixture to cool to room temperature, and then add 0.5 mL of p-anisaldehyde.
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, Standard
solution D, and Sample solution. Apply the samples as bands to a suitable high
performance thin-layer chromatographic plate, and dry in air (see Chromatography
621 ). Develop the chromatograms in a saturated chamber, remove the plate from the
chamber, dry in air, derivatize with Derivatization reagent, heat at 100 for 3–5 min, set
aside to cool, and examine under visible light.
System suitability: Standard solution A exhibits a violet band. Standard solution B and
Standard solution C each exhibit a greenish band. Standard solution D exhibits a purple
band above the green band corresponding to eugenol or methyleugenol in Standard
solution B or Standard solution C.
Acceptance criteria: The chromatogram of the Sample solution exhibits the most intense
band is a violet band at an RF corresponding to the ursolic acid band in the chromatogram
of Standard solution A and Standard solution D, and a greenish band at an RF
corresponding to the eugenol band or methyleugenol band in the chromatograms of
Standard solution B or Standard solution C. [Note—Holy Basil may occur in two
chemotypes, one characterized by the presence of eugenol and the other by the
presence of methyleugenol.]
• C. HPLC
Analysis: Proceed as directed in the test for Content of Triterpenes.
Acceptance criteria: The chromatogram of the Sample solution exhibits two peaks at the
retention times corresponding to the ursolic acid and oleanolic acid in the Standard
solutions.
COMPOSITION
• Content of Triterpenes
Mobile phase: A mixture of acetonitrile and a solution of 2.5 mg/mL ammonium acetate in
water (67:33)
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Standard solution A: 0.1 mg/mL of USP Ursolic Acid RS in methanol. Sonicate to dissolve if
necessary.
Standard solution B: 4.0 mg/mL of USP Powdered Holy Basil Extract RS in methanol.
Sonicate to dissolve if necessary. Before injection, pass through a membrane filter of
0.45-µL or finer pore size.
Sample solution: An amount of Powdered Holy Basil Extract equivalent to 5 mg of
triterpenes in 50 mL of methanol. Sonicate to dissolve if necessary. Before injection, pass
through a membrane filter of 0.45-µL or finer pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV, 205 nm
Column: 3.0-mm × 10-cm; 2.5-µm packing L1
Flow rate: 0.3 mL/min
Injection volume: 5 µL
System suitability
Samples: Standard solution A and Standard solution B
Suitability requirements
Chromatogram similarity: The chromatogram from Standard solution B is similar to
the reference chromatogram provided with the lot of USP Powdered Holy Basil Extract
RS being used.
Resolution: NLT 1.3 between the oleanolic acid and ursolic acid peaks, Standard
solution B
Relative standard deviation: NMT 2% determined from the ursolic acid peak in
repeated injections, Standard solution A
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Using the chromatograms of Standard solution A, Standard solution B, and the reference
chromatogram provided with the lot of USP Powdered Holy Basil Extract RS being used,
identify the retention time of the peaks corresponding to oleanolic acid and ursolic acid in
the Sample solution chromatogram.
Calculate the percentage of triterpenes, oleanolic acid, and ursolic acid in the portion of
Powdered Holy Basil Extract taken:
P = (rU/rS) × (CS/CU) × 100
rU= sum of peak areas of oleanolic acid and ursolic acid in the Sample solution
chromatogram
rS= peak area for ursolic acid in the Standard solution A chromatogram
C=
S concentration of ursolic acid in Standard solution A (mg/mL)
C=
U concentration of Extract in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of triterpenes, oleanolic acid, and ursolic
acid in the portion of Extract taken:
Result = (P/L) × 100
P= content of triterpenes, oleanolic acid, and ursolic acid, as determined above (%)
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L= labeled amount of triterpenes, oleanolic acid, and ursolic acid (%)
Acceptance criteria: 90%–110% of the labeled amount on the dried basis
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 1.0 µg/g
Cadmium: NMT 0.5 µg/g
Lead: NMT 5.0 µg/g
Mercury: NMT 1.0 µg/g

233

• Articles of Botanical Origin, General Method for Pesticide Residues Analysis
the requirements

561 : Meets

• Microbial Enumeration Tests 2021 : The total aerobic bacterial count does not exceed
104 cfu/g, and the total combined molds and yeasts count does not exceed 103 cfu/g.
• Absence of Specified Microorganisms 2022 : Meets the requirements of the tests for
absence of Salmonella species and Escherichia coli
SPECIFIC TESTS
• Loss on Drying 731
Sample: 2.0 g of Powdered Holy Basil Extract
Analysis: Dry at 105 for 2 h.
Acceptance criteria: NMT 5.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light and
moisture, and store at controlled room temperature.
• Labeling: The label states the Latin binomial and, following the official name, the part of the
plant from which the article was derived. It meets other labeling requirements for Botanical
Extracts

565 .

• USP Reference Standards 11
USP Powdered Holy Basil Extract RS
USP Rosmarinic Acid RS
USP Ursolic Acid RS
USP37

BRIEFING
Rutin. Because there is no existing USP monograph for this dietary ingredient, a new monograph
is proposed. The liquid chromatographic procedure in the test for Quercetin and Other
Related Compounds is based on analyses performed with the Lichrospher 100 RP-8 brand of
L7 column. Typical retention times observed for rutin, kaempferol 3-rutinoside,
isoquercitroside, and quercetin are about 7.0, 7.7, 8.4, and 17.5 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C92529

Comment deadline: January 31, 2013
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Add the following:
Rutin

C27 H30 O16 ·3H2 O

664.56

3-Rhamnoglucoside of 5,7,3¢,4¢-tetrahydroxyflavonol;
2-(3,4-Dihydroxyphenyl)-5,7-dihydroxy-4H-chromen-4-one-3-yl 6-O- -l-rhamnopyranosyl-d-glucoside
[250249-75-3].
DEFINITION
Rutin contains NLT 95.0% and NMT 101.0% of rutin (C27 H30 O16 ), calculated on the anhydrous
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Ultraviolet Absorption 197U
Analytical wavelength: 210–450 nm
Sample solution: 20 µg/mL of Rutin in methanol. Filter if necessary.
Acceptance criteria: The spectrum exhibits two absorption maxima at 257 nm and 358 nm.
The absorptivity at the maximum at 358 nm is 30.5–33.0, calculated on the anhydrous
basis.
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the test for Quercetin and Other Related Compounds.
ASSAY
• Procedure
Sample: 200 mg of Rutin
Blank: 20 mL of dimethylformamide
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 M tetrabutylammonium hydroxide VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 20 mL of dimethylformamide, and titrate with titrant.
Perform the Blank determination and make corrections if necessary.
Calculate the percentage of rutin (C27 H30 O16 ) in the portion of the Sample taken:
Result = {[(VS

VB) × M × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
M= actual Titrant molarity (mmol/mL)
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F= equivalency factor, 305.3 mg/mmol
W= Sample weight (mg)
Acceptance criteria: 95.0%–101.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Light Absorbing Substances
Analytical wavelength: 450 nm–800 nm
Sample solution: Dissolve 0.200 g of Rutin in 40 mL of 2-propanol. Stir for 15 min, dilute
with 2-propanol to 50.0 mL, and filter.
Acceptance criteria: The absorbance of any substances is NMT 0.10.
• Methanol Insoluble Substances
Sample: 2.5 g
Analysis: Shake the Sample for 15 min in 50 mL of methanol at 20 –25 . Filter under
reduced pressure through a sintered-glass filter previously dried for 15 min at 100–105 ,
cooled in a desiccator, and tared. Wash the filter three times with 20 mL of methanol. Dry
the filter for 30 min at 105 . Allow to cool, and weigh.
Acceptance criteria: The residue weighs NMT 75 mg (3%).
• Heavy Metals, Method II 231 : NMT 20 µg/g
• Quercetin and Other Related Compounds
Solution A: Mix 50 mL of tetrahydrofuran with 950 mL of a 15.6 mg/mL solution of
monobasic sodium phosphate. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Mix 400 mL of tetrahydrofuran with 600 mL of a 15.6 mg/mL solution of
monobasic sodium phosphate. Adjust with phosphoric acid to a pH of 3.0.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
50
50
10
0
100
15
0
100
16
50
50
20
50
50
Standard solution A: Transfer 10 mg of USP Rutin RS into a 10-mL volumetric flask, add 2
mL of methanol, and mix to dissolve. Dilute with Solution B to volume.
Standard solution B: 20 µg/mL of USP Rutin RS in Solution B, prepared from the dilution of
Standard solution A with Solution B
Standard solution C: 20 µg/mL of USP Quercetin RS in Solution B
Sample solution: Transfer 100 mg of Rutin into a 100-mL volumetric flask, add 20 mL of
methanol, and mix to dissolve. Dilute with Solution B to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4-mm × 25-cm; 5-µm packing L7
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Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution A
[Note—The relative retention times for rutin, kaempferol 3-rutinoside, isoquercitroside, and
quercetin are 1.0, 1.1, 1.2, and 2.5, respectively.]
Suitability requirements
Chromatographic similarity: The chromatogram from the Standard solution A is similar
to the reference chromatogram provided with the USP Rutin RS being used.
Resolution: NLT 1.5, between the rutin and kaempferol 3-rutinoside peaks
Analysis
Samples: Standard solution B, Standard solution C, and Sample solution
Calculate the percentage of quercetin1 in the portion of Rutin taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of quercetin from the Sample solution
rS= peak response of quercetin from Standard solution C
C=
S concentration of USP Quercetin RS in Standard solution C (mg/mL)
C=
U concentration of Rutin in the Sample solution (mg/mL)
Calculate the percentage of each impurity in the portion of Rutin taken: [Note—Disregard
any impurity less than 0.1%.]
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of rutin from Standard solution B
C=
S concentration of USP Rutin RS in Standard solution B (mg/mL)
C=
U concentration of Rutin in the Sample solution (mg/mL)
F= correction factor for each individual impurity (see Table 2)
Acceptance criteria: See Table 2.

Name
Kaempferol 3-rutinosidea
Isoquercitrosideb
Quercetin
Any other impurity
Total impurities

Table 2
Relative
Retention
Time
1.1
1.2
—
—
—

Correction
Factor
(F)

Acceptance
Criteria,
NMT (%)

1
0.8
—
1
—

2.0
2.0
2.0
1.0
4.0

a 3-[[6-O-(6-Deoxy- -l-mannopyranosyl)- -d-glucopyranosyl]oxy]-5,7-dihydroxy-2-(4hydroxyphenyl)-4H-1-benzopyran-4-one.
b 2-(3,4-Dihydroxyphenyl)-3-( -d-glucofuranosyloxy)-5,7-dihydroxy-4H-1-benzopyran-4one.
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SPECIFIC TESTS
• Water Determination, Method Ia 921
Sample: 100 mg
Acceptance criteria: 7.5%–9.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, tight, light-resistant containers.
• USP Reference Standards
USP Quercetin RS
USP Rutin RS

11

USP37

1 2-(3,4-Dihydroxyphenyl)-3,5,7-trihydroxy-4H-1-benzopyran-4-one.

BRIEFING
Excipients, USP and NF Excipients, Listed by Category, page 5871 of the Second
Supplement to USP 35, PF 38(2) [Mar.–Apr. 2012], PF 38(3) [May–June 2012], PF 38(4) [June–
July 2012], and PF 38(5) [Sept.–Oct. 2012]. It is proposed to add Lauric Acid to the
Antifoaming Agent, Emulsifying and/or Solubilizing Agent, and Tablet and/or Capsule Lubricant
categories; and Mandelic Acid to the Antimicrobial Preservative category to complement the
proposed new monographs for Lauric Acid and Mandelic Acid, respectively, which also appear in
this issue of PF.
(EXC: H. Wang.)

Correspondence Number—C115583; C119773

In the following reference table, the grouping of excipients by functional category is intended
to summarize the most typically identified purpose that these excipients serve in drug product
formulations. The list of substances included in each category is not comprehensive. The
statement of category is intended neither to limit in any way the choice or use of the
substance nor to indicate that it has no other utility.
Change to read:
Antifoaming Agent
Lauric Acid

NF32

Change to read:
Antimicrobial Preservative
Mandelic Acid

NF32

Change to read:
Emulsifying and/or Solubilizing Agent
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NF32

Change to read:
Tablet and/or Capsule Lubricant
Lauric Acid

NF32

BRIEFING
Ascorbyl Palmitate, NF 30 page 1701. As part of the USP monograph modernization effort, it
is proposed to make the following revisions:
1.
In the Assay, replace the current, nonspecific titrimetric test with a chromatographic
procedure. The newly developed and validated procedure is based on an HPLC
method of analyses performed using the Agilent Zorbax 300SB C8 brand of column
that contains 5-µm packing L7. The typical retention time for ascorbyl palmitate is
6.5 min.
2.
Replace one of the Identification tests based on the wet chemical method with HPLC
peak agreement using USP Ascorbyl Palmitate RS.
3.
Delete the test for Melting Range or Temperature.
(EXC: H. Wang.)
Correspondence Number—C109159

Comment deadline: January 31, 2013
Ascorbyl Palmitate

C22 H38 O7

414.53

l-Ascorbic acid, 6-hexadecanoate;
l-Ascorbic acid 6-palmitate
[137-66-6].
DEFINITION
Ascorbyl Palmitate contains NLT 95.0% and NMT 100.5% of C22 H38 O7 , calculated on the dried
basis.
IDENTIFICATION
Delete the following:
• A. Procedure
Sample solution: 40 mg/mL in alcohol
Analysis: To 25 mL of Sample solution add 1 mL of a 1-in-1000 solution of 2,6dichlorophenol-indophenol sodium in alcohol.
Acceptance criteria: The blue color of the 2,6-dichlorophenol-indophenol sodium solution is
discharged immediately. NF32
Change to read:
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NF32

Infrared Absorption 197K
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. NF32
ASSAY
Change to read:
• Procedure
Sample solution: Dissolve 300 mg of Ascorbyl Palmitate in 50 mL of alcohol, and add 30
mL of water.
Analysis: Immediately titrate the Sample solution with 0.1 N iodine VS to a yellow color
that persists for NLT 30 s. Each mL of 0.1 N iodine is equivalent to 20.73 mg of
C22 H38 O7 .
Acceptance criteria: 95.0%–100.5% on the dried basis
Mobile phase: Acetonitrile, methanol, 0.01 M perchloric acid (10:65:25)
Standard solution: 0.5 mg/mL of USP Ascorbyl Palmitate RS in methanol
Sample solution: 0.5 mg/mL of Ascorbyl Palmitate in methanol
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 245 nm
Column: 4.6-mm × 15-cm; 5-µm packing L7
Temperatures
Column: 25
Autosampler: 5
[Note—If an autosampler is not used, keep the Standard solution and Sample solution
at 5 before injection.]
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 15 min
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.0%
Tailing factor: 0.8–2.0
Analysis
Samples: Standard solution and Sample solution
Calculate, on the dried basis, the percentage of Ascorbyl Palmitate taken:
Result = [(rU/rS) × (CS/CU)] × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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C=
S concentration of USP Ascorbyl Palmitate RS in the Standard solution (mg/mL)
C=
U concentration of Ascorbyl Palmitate in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–100.5% on the dried basis NF32
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 107 –117

NF32

• Optical Rotation, Specific Rotation 781S : +21 to +24
Sample solution: 100 mg/mL in methanol
• Loss on Drying 731
Analysis: Dry a sample in vacuum at 60 for 1 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store in a cool, dry place.
• USP Reference Standards
USP Ascorbyl Palmitate RS

11
BRIEFING

Behenoyl Polyoxylglycerides, NF 30 page 1705; Lauroyl Polyoxylglycerides, NF 30 page
1840; Linoleoyl Polyoxylglycerides, NF 30 page 1843; Oleoyl Polyoxylglycerides, NF 30
page 1878; Stearoyl Polyoxylglycerides, NF 30 page 1992. The test for Limit of Free
Ethylene Oxide and Dioxane refers to the similar test in the Caprylocaproyl Polyoxylglycerides
monograph. A revision proposal for Caprylocaproyl Polyoxylglycerides was published in PF
38(1) [Jan.–Feb. 2012]. The detailed procedure in the test for Limit of Free Ethylene Oxide
and Dioxane in this proposal was replaced by that in the general test chapter Ethylene Oxide
and Dioxane 228 , Method I. Therefore, Ethylene Oxide and Dioxane 228 , Method I
should also be introduced into each of the Behenoyl Polyoxylglycerides, Lauroyl
Polyoxylglycerides, Linoleoyl Polyoxylglycerides, Oleoyl Polyoxylglycerides, and Stearoyl
Polyoxylglycerides monographs to replace the test procedure for Limit of Free Ethylene
Oxide and Dioxane.
(EXC: H. Wang, R. Lafaver.)
Correspondence Number—C118140

Comment deadline: January 31, 2013
Behenoyl Polyoxylglycerides
DEFINITION
Behenoyl Polyoxylglycerides is a mixture of monoesters, diesters, and triesters of glycerol and
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monoesters and diesters of polyethylene glycols. The polyethylene glycols used have a mean
molecular weight of 400. It is produced by esterification of glycerol and polyethylene glycols
with behenic acid.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: 50 mg/mL of USP Behenoyl Polyoxylglycerides RS in methylene chloride
Sample solution: 50 mg/mL of Behenoyl Polyoxylglycerides in methylene chloride
Chromatographic system
Application volume: 10 µL
Developing solvent system: Ether and hexanes (70:30)
Spray reagent: 0.1-mg/mL solution of rhodamine B in alcohol
Analysis: Proceed as directed in the chapter. Then spray the plate with Spray reagent,
and locate the spots on the plate by examination under UV light at a wavelength of 365
nm.
Acceptance criteria: The RF values of the principal spots of the Sample solution
correspond to those of the Standard solution.
• C. It meets the requirements in Specific Tests (see Table 1) for Fats and Fixed Oils, Fatty
Acid Composition

401 .

IMPURITIES
• Articles of Botanical Origin, Total Ash
Sample solution: 2.0 g
Acceptance criteria: NMT 0.1%

561

• Heavy Metals, Method II 231 : NMT 10 µg/g
• Alkaline Impurities
Sample: 5.0 g
Analysis: Heat the Sample slightly until it melts. Add 10 mL of alcohol and 0.05 mL of
bromophenol blue TS, and mix well. While the solution is still warm, titrate with 0.01 N
hydrochloric acid VS to change the color to yellow.
Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric acid
Change to read:
• Limit of Free Ethylene Oxide and Dioxane
[Caution—Ethylene oxide is toxic and flammable. Prepare all solutions in a well-ventilated hood.
The operator must protect hands and face by wearing polyethylene protective gloves and
an appropriate face mask. Store all solutions in hermetic containers, and refrigerate at a
temperature between 4 and 8 .]
[Note—Perform all determinations three times.]
Magnesium chloride solution: 500 mg/mL of magnesium chloride in alcohol
Ethylene oxide stock solution: Into a dry, clean test tube, cooled in a mixture of sodium
chloride and crushed ice (1:3), introduce a slow current of ethylene oxide gas, allowing
condensation onto the inner wall of the test tube. Using a glass syringe, previously
cooled to 10 , transfer about 300 µL of liquid ethylene oxide, equivalent to 0.25 g, to
50 mL of polyethylene glycol 200. Determine the absorbed quantity of ethylene oxide by
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weighing before and after absorption. Dilute with polyethylene glycol 200 to 100.0 mL.
Transfer 10.0 mL of Magnesium chloride solution to a volumetric flask. Add 20.0 mL of 0.1
M alcoholic hydrochloric acid VS. Insert the stopper, shake to obtain a saturated
solution, and allow to equilibrate overnight. Transfer 5.00 mL of Ethylene oxide stock
solution to the flask, and allow to stand for 30 min. Titrate with 0.1 M alcoholic
potassium hydroxide VS. Perform a blank titration, using the same quantity of
polyethylene glycol 200 instead of Ethylene oxide stock solution, and note the difference
in volumes required. Each mL of the difference in volumes of 0.1 M alcoholic potassium
hydroxide VS consumed is equivalent to 4.404 mg of ethylene oxide. Calculate the
concentration of ethylene oxide, in mg/g, in the Ethylene oxide stock solution.
Ethylene oxide solution: Dilute a volume of Ethylene oxide stock solution with
polyethylene glycol 200 to obtain a solution containing 50 µg/g of ethylene oxide. Mix the
resulting solution and water (1:4) to obtain a solution having a known concentration of
10 µg/mL of ethylene oxide. [Note—Prepare immediately before use.]
Dioxane solution: 0.5 mg/mL of dioxane
Standard solution 1: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial,
and add 1.0 mL of N,N-dimethylacetamide, 0.1 mL of Ethylene oxide solution, and 0.1 mL
of Dioxane solution. Close the vial, and mix to obtain a homogenous solution. Allow to
stand at 90 for 45 min.
Standard solution 2: Transfer 0.1 mL of Ethylene oxide solution to a 10-mL vial. Add 0.1
mL of a freshly prepared solution of acetaldehyde, containing 10 mg/L of acetaldehyde,
and add 0.1 mL of Dioxane solution. Close the vial, and mix to obtain a homogenous
solution.
Sample solution: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial, and
add 1.0 mL of N,N-dimethylacetamide and 0.2 mL of water. Close the vial, and mix to
obtain a homogenous solution. Allow to stand at 90 for 45 min.
Chromatographic system
[Note—Headspace apparatus that automatically transfers a measured amount of
headspace may be used.]
Mode: GC, headspace analysis
Detector: Flame ionization
Column: 0.32-mm × 30-m glass or quartz capillary column bonded with a 1.0-µm layer
of phase G1
Temperature
Injector: 150
Detector: 250
Column: See the temperature program table below.
Initial
Temperature
( )
50
50
180
Carrier gas: Helium
Flow rate: 1 mL/min

Ramp
( /min)
—
5
30

Final
Temperature
( )
50
180
230

Hold Time at
Final Temperature
(min)
5
—
5
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Injection size: 1 mL
System suitability
Sample: Gaseous phase of Standard solution 2
[Note—The relative retention times for acetaldehyde and ethylene oxide are about 0.94
and 1.0, respectively.]
Suitability requirements
[Note—Record the peak responses as directed for Procedure, adjusting the sensitivity of
the system so that the peak heights of the two principal peaks in the chromatogram
are NLT 15% of the full scale of the recorder.]
Resolution: NLT 2.0 between acetaldehyde and ethylene oxide
Relative standard deviation: NMT 15.0%
Analysis
Samples: Using a heated, gas-tight gas chromatographic syringe, separately inject the
gaseous headspace of Standard solution 1 and the Sample solution. The mean areas of
the ethylene oxide and dioxane peaks in the chromatogram from the Sample solution
are NMT half the mean areas of the corresponding peaks in the chromatogram from
Standard solution 1, equivalent to 1 µg/g of ethylene oxide and 50 µg/g of dioxane.
Calculate the concentration of ethylene oxide, in µg/g, in the Sample taken:
Result = (C × rU)/[(rS × MU)

(rU × MS)]

C= concentration of ethylene oxide in Standard solution 1 (µg/mL)
rU= peak response from the Sample solution
rS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Calculate the concentration of dioxane, in µg/g, in the Sample taken:
Result = (CD × dU)/[5 × (dS × MU

dU × MS)]

CD= concentration of dioxane in Standard solution 1 (µg)
dU= peak response from the Sample solution
dS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g
Analysis: Proceed as directed in Ethylene Oxide and Dioxane
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g

228 , Method I.

NF32

• Limit of Free Glycerol
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
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(v/v) solution of sulfuric acid, and dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride, heating if necessary. Cool,
and add 100 mL of water and 25.0 mL of Periodic acetic acid solution. Shake, and allow to
stand for 30 min. Add 40 mL of Potassium iodide solution, and allow to stand for 1 min.
Add 1 mL of starch TS, and titrate the liberated iodine with Titrant. Perform a blank
determination, and make any necessary correction. Each mL of Titrant is equivalent to 2.3
mg of glycerin.
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value
Sample: 2.0 g
Acceptance criteria: NMT 4.0

401

• Fats and Fixed Oils, Fatty Acid Composition 401 : Behenoyl Polyoxylglycerides exhibits
the composition profile of fatty acids in Table 1.
Table 1
Carbon-Chain LengthNo. of Double Bonds

Percentage
(%)

12

0

1.0

14

0

1.0

16

0

3.0

18

0

5.0

20

0

10.0

22

0

83.0

22

1

3.0

24

0

3.0

• Fats and Fixed Oils, Hydroxyl Value 401
Sample: 1.0 g
Analysis: Proceed as directed in the chapter. If the volume of 0.5 N sodium hydroxide VS
required for the titration is less than 2 mL, a more dilute titrant may be used.
Acceptance criteria: 30–50
• Fats and Fixed Oils, Peroxide Value
Sample: 2.0 g
Acceptance criteria: NMT 6.0

401

• Fats and Fixed Oils, Saponification Value

401
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Sample: 2.0 g
Acceptance criteria: 120–140
• Water Determination, Method I 921
Sample: 1.0 g
Analysis: Use anhydrous pyridine as the solvent.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, protected from heat
and moisture. Store at NMT 35 .
• Labeling: Label it to indicate the average nominal molecular weight of polyethylene glycols
used as part of the official title.
• USP Reference Standards 11
USP Behenoyl Polyoxylglycerides RS
BRIEFING
Lauric Acid. Because there is no existing NF monograph for this excipient, a new monograph is
being proposed. The Assay is based on an HPLC method of analyses performed with the
Waters Symmetry C18 brand of column that contains 5-µm packing L1. The typical retention
time for lauric acid is 4.6 min. Interested parties are encouraged to comment on the
proposal.
(EXC: H. Wang.)
Correspondence Number—C115583

Comment deadline: January 31, 2013
Add the following:
Lauric Acid

C12 H24 O2

200.32

Dodecanoic acid;
1-Dodecanoic acid;
1-Undecanecarboxylic acid;
n-Dodecanoic acid
[143-07-7].
DEFINITION
Lauric Acid contains NLT 98.0% and NMT 102.0% of dodecanoic acid (C12 H24 O2 ), calculated on
the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
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ASSAY
• Procedure
Solvent A: 0.1% (v/v) trifluoroacetic acid in water
Mobile phase: Acetonitrile and Solvent A (85:15, v/v)
Standard solution: 15 mg/mL of USP Lauric Acid RS in Mobile phase
Sample solution: 15 mg/mL of Lauric Acid in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 212 nm
Column: 4.6-mm × 15-cm analytical; 5-µm packing L1
Column temperature: Ambient
Flow rate: 1.0 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of lauric acid (C12 H24 O2 ) in the portion of Lauric Acid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of lauric acid from the Sample solution
rS= peak response of lauric acid from the Standard solution
C=
S concentration of USP Lauric Acid RS in the Standard solution (mg/mL)
C=
U concentration of Lauric Acid in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281
Sample: 10 g
Acceptance criteria: NMT 0.1%
SPECIFIC TESTS
• Fats and Fixed Oils, Iodine Value
• Fats and Fixed Oils, Peroxide Value
• Water Determination, Method Ia

401 : NMT 3.0
401 : NMT 10.0
921 : NMT 0.2%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
• USP Reference Standards
USP Lauric Acid RS

11

NF32

BRIEFING
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Lauroyl Polyoxylglycerides, NF 30 page 1840. See the Briefing under Behenoyl
Polyoxylglycerides.
(EXC: H. Wang, R. Lafaver.)
Correspondence Number—C118140

Comment deadline: January 31, 2013
Lauroyl Polyoxylglycerides
DEFINITION
Lauroyl Polyoxylglycerides is a mixture of monoesters, diesters, and triesters of glycerol and
monoesters and diesters of polyethylene glycols. The polyethylene glycols used have a mean
molecular weight between 300 and 1500. The article is produced by partial alcoholysis of
saturated oils, mainly containing triglycerides of lauric acid with polyethylene glycols, by
esterification of glycerol and polyethylene glycols with fatty acids, or as a mixture of glycerol
esters and ethylene oxide condensate with the fatty acids of the hydrogenated oils. It may
contain free polyethylene glycols.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: 50 mg/mL of USP Lauroyl Polyoxylglycerides RS in methylene chloride
Sample solution: 50 mg/mL of Lauroyl Polyoxylglycerides in methylene chloride
Application volume: 10 µL
Developing solvent system: Ether and hexanes (70:30)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Then spray the plate with Spray reagent, and
locate the spots on the plate by examination under UV light at a wavelength of 365 nm.
Acceptance criteria: The RF values of the principal spots of the Sample solution
correspond to those of the Standard solution.
• C. It meets the requirements in Specific Tests (see Table 1) for Fats and Fixed Oils, Fatty
Acid Composition

401 .

IMPURITIES
• Heavy Metals, Method II

231 : NMT 10 µg/g

• Articles of Botanical Origin, Total Ash 561 : NMT 0.1%
• Alkaline Impurities
Sample: 5.0 g
Analysis: Heat the Sample slightly until the test substance melts, add 10 mL of alcohol
and 0.05 mL of bromophenol blue TS, and mix well. While the solution is still warm, titrate
with 0.01 N hydrochloric acid VS to change the color to yellow.
Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric acid is required.
Change to read:
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• Limit of Free Ethylene Oxide and Dioxane
[Caution—Ethylene oxide is toxic and flammable. Prepare all solutions in a well-ventilated hood.
The operator must protect hands and face by wearing polyethylene protective gloves and
an appropriate face mask. Store all solutions in hermetic containers, and refrigerate at a
temperature between 4 and 8 .]
[Note—Perform all determinations three times.]
Magnesium chloride solution: 500 mg/mL of magnesium chloride in alcohol
Ethylene oxide stock solution: Into a dry, clean test tube, cooled in a mixture of sodium
chloride and crushed ice (1:3), introduce a slow current of ethylene oxide gas, allowing
condensation onto the inner wall of the test tube. Using a glass syringe, previously
cooled to 10 , transfer about 300 µL of liquid ethylene oxide, equivalent to 0.25 g, to
50 mL of polyethylene glycol 200. Determine the absorbed quantity of ethylene oxide by
weighing before and after absorption. Dilute with polyethylene glycol 200 to 100.0 mL.
Transfer 10.0 mL of Magnesium chloride solution to a volumetric flask. Add 20.0 mL of 0.1
M alcoholic hydrochloric acid VS. Insert the stopper, shake to obtain a saturated
solution, and allow to equilibrate overnight. Transfer 5.00 mL of Ethylene oxide stock
solution to the flask, and allow to stand for 30 min. Titrate with 0.1 M alcoholic
potassium hydroxide VS. Perform a blank titration, using the same quantity of
polyethylene glycol 200 instead of Ethylene oxide stock solution, and note the difference
in volumes required. Each mL of the difference in volumes of 0.1 M alcoholic potassium
hydroxide VS consumed is equivalent to 4.404 mg of ethylene oxide. Calculate the
concentration of ethylene oxide, in mg/g, in the Ethylene oxide stock solution.
Ethylene oxide solution: Dilute a volume of Ethylene oxide stock solution with
polyethylene glycol 200 to obtain a solution containing 50 µg/g of ethylene oxide. Mix the
resulting solution and water (1:4) to obtain a solution having a known concentration of
10 µg/mL of ethylene oxide. [Note—Prepare immediately before use.]
Dioxane solution: 0.5 mg/mL of dioxane
Standard solution 1: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial,
and add 1.0 mL of N,N-dimethylacetamide, 0.1 mL of Ethylene oxide solution, and 0.1 mL
of Dioxane solution. Close the vial, and mix to obtain a homogenous solution. Allow to
stand at 90 for 45 min.
Standard solution 2: Transfer 0.1 mL of Ethylene oxide solution to a 10-mL vial. Add 0.1
mL of a freshly prepared solution of acetaldehyde, containing 10 mg/L of acetaldehyde,
and add 0.1 mL of Dioxane solution. Close the vial, and mix to obtain a homogenous
solution.
Sample solution: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial, and
add 1.0 mL of N,N-dimethylacetamide and 0.2 mL of water. Close the vial, and mix to
obtain a homogenous solution. Allow to stand at 90 for 45 min.
Chromatographic system
[Note—Headspace apparatus that automatically transfers a measured amount of
headspace may be used.]
Mode: GC, headspace analysis
Detector: Flame ionization
Column: 0.32-mm × 30-m glass or quartz capillary column bonded with a 1.0-µm layer
of phase G1
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Temperature
Injector: 150
Detector: 250
Column: See the temperature program table below.
Initial
Final
Hold Time at
Temperature Ramp
Temperature
Final Temperature
( )
( /min)
( )
(min)
50
—
50
5
50
5
180
—
180
30
230
5
Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 mL
System suitability
Sample: Gaseous phase of Standard solution 2
[Note—The relative retention times for acetaldehyde and ethylene oxide are about 0.94
and 1.0, respectively.]
Suitability requirements
[Note—Record the peak responses as directed for Procedure, adjusting the sensitivity of
the system so that the peak heights of the two principal peaks in the chromatogram
are NLT 15% of the full scale of the recorder.]
Resolution: NLT 2.0 between acetaldehyde and ethylene oxide
Relative standard deviation: NMT 15.0%
Analysis
Samples: Using a heated, gas-tight gas chromatographic syringe, separately inject the
gaseous headspace of Standard solution 1 and the Sample solution. The mean areas of
the ethylene oxide and dioxane peaks in the chromatogram from the Sample solution
are NMT half the mean areas of the corresponding peaks in the chromatogram from
Standard solution 1, equivalent to 1 µg/g of ethylene oxide and 50 µg/g of dioxane.
Calculate the concentration of ethylene oxide, in µg/g, in the Sample taken:
Result = (C × rU)/[(rS × MU )

(rU × MS)]

C= concentration of ethylene oxide in Standard solution 1 (µg/mL)
rU= peak response from the Sample solution
rS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Calculate the concentration of dioxane, in µg/g, in the Sample taken:
Result = (CD × dU)/[5 × (dS × MU
CD= concentration of dioxane in Standard solution 1 (µg)
dU= peak response from the Sample solution
dS= peak response from Standard solution 1

dU × MS)]
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M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g
Analysis: Proceed as directed in Ethylene Oxide and Dioxane
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g

228 , Method I.

NF32

• Limit of Free Glycerol
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, diluting to 100.0 mL with glacial acetic acid.
Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride, heating if necessary. Cool,
and add 100 mL of water and 25.0 mL of Periodic acetic acid solution. Shake, and allow to
stand for 30 min. Add 40 mL of Potassium iodide solution, and allow to stand for 1 min.
Add 1 mL of starch TS, and titrate the liberated iodine with 0.1 M sodium thiosulfate VS.
Perform a blank determination, and make any necessary correction.
Calculate the percentage of glycerol in the sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 23.0 mg/mEq
W= Sample weight (mg)
Acceptance criteria: NMT 5.0%
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value
Sample: 2.0 g
Acceptance criteria: NMT 2.0

401

• Fats and Fixed Oils, Fatty Acid Composition 401 : Lauroyl Polyoxylglycerides exhibits the
composition profile of fatty acids shown in Table 1.
Carbon-Chain
Length

Table 1
Number of Percentage
Double Bonds
(%)
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8

0

10
12
14
16
18

0
0
0
0
0

15.0
12.0
30.0–50.0
5.0–25.0
4.0–25.0
5.0–35.0

• Fats and Fixed Oils, Hydroxyl Value 401
Sample: 1.0 g
Acceptance criteria: Within the range specified in Table 2 for the labeled type
Table 2
Type of
Hydroxyl
Polyethylene Glycols
Value
300
65–85
400
60–80
600
50–70
1500
36–56
• Fats and Fixed Oils, Iodine Value
• Fats and Fixed Oils, Peroxide Value
Sample: 2.0 g
Acceptance criteria: NMT 6.0

401 : NMT 2.0
401

• Fats and Fixed Oils, Saponification Value 401
Sample: 2.0 g
Acceptance criteria: Within the range specified in Table 3 for the labeled type
Table 3
Type of
Saponification
Polyethylene Glycols
Value
300
190–204
400
170–190
600
150–170
1500
79–93
• Water Determination, Method I 921
Sample: 1.0 g
Analysis: Instead of using methanol as the solvent, one of two solvent systems can be
used: a mixture of methylene chloride and anhydrous methanol (70:30 v/v), or anhydrous
pyridine.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture.
Store at controlled room temperature.
• Labeling: Label it to indicate the type and the average nominal molecular weight of

PF 38(6): Nov.-Dec. 2012

299

polyethylene glycols used as part of the official title.
• USP Reference Standards 11
USP Lauroyl Polyoxylglycerides RS
BRIEFING
Lecithin, NF 30 page 1841. As part of the USP monograph modernization effort, it is proposed
to make the following revisions:
1.
Update the monograph Definition.
2.
Replace Identification test A with a Thin-Layer Chromatography (TLC) procedure
performed on an intact sample. The TLC procedure is specific for several
phospholipids.
3.
Delete current Paper Chromatography.
4.
Move the test for Content of Acetone-Insoluble Matter from the Assay to Specific
Tests. Add a specific requirement for Lecithin if it is used for an injectable dosage
form.
5.
In the Assay, add a test for Content of Phospholipids. The liquid chromatographic
procedure in the test for Content of Phospholipids is based on analyses performed
using the Lichrospher 100 Diol brand of column that contains 5-µm packing L20. The
typical retention times for phosphatidic acid, phosphatidylethanolamine,
phosphatidylcholine, phosphatidylinositol, and lysophosphatidylcholine are 3.7, 7.4,
8.5, 10.3, and 11.2 min, respectively.
6.
For sunflower lecithin, the specification in the test for Hexane-Insoluble Matter is
changed to NMT 1.0%.
7.
Add a microbial limit test.
8.
Due to the hygroscopic nature of de-oiled lecithin, change the Water Determination
specification from 1.5% to 2.0%.
9.
Update the Labeling requirements. For Lecithin intended for use in injectable dosage
forms, the Labeling should indicate this specific grade. Different specifications for
some tests are also provided for the material of the specific grade.
10.
Propose several new USP Reference Standards which are being used in the updated
monograph.
Interested parties are encouraged to submit comments to Hong Wang, PhD, Senior Scientific
Liaison to the Excipients Expert Committee (301.816.8351 or hw@usp.org).
(EXC: H. Wang.)
Correspondence Number—C98007

Comment deadline: January 31, 2013
Lecithin
[8002-43-5].
DEFINITION
Change to read:
• Lecithin is a complex mixture of acetone-insoluble phosphatides, which consist chiefly of
phosphatidylcholine, phosphatidylethanolamine, phosphatidylserine, and
NF32

phosphatidylinositol, combined
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and phosphatidic acid, present in conjunction NF32
with various amounts of other substances such as triglycerides, fatty acids, and
carbohydrates, as separated from the crude vegetable oil source. It contains NLT 50.0% of
acetone-insoluble matter.
The content of each of the phospholipids (phosphatidylcholine, phosphatidylethanolamine,
phosphatidylinositol, and phosphatidic acid) is indicated on the certificate of analysis. NF32
IDENTIFICATION
Delete the following:
• A.
Sample: 1 g of Lecithin
Analysis: Transfer the Sample to a Kjeldahl flask, add 5 g of potassium sulfate, 0.5 g of
cupric sulfate, and 20 mL of sulfuric acid. Incline the flask to a 45 angle, heat gently until
the effervescence almost ceases, and raise the temperature to boiling. After the contents
become a blue, transparent solution, heat for 1–2 h, cool, and add an equal volume of
water. To 5 mL of this solution, add 10 mL of ammonium molybdate solution (1 in 5), and
heat.
Acceptance criteria: A yellow precipitate is formed. NF32
Add the following:
• A. Thin-Layer Chromatography 201
Mobile phase: Chloroform, methanol, water (65:25:4, v/v/v)
Standard solution A: 10 mg/mL of USP Phophatidic Acid (Soy) Monosodium RS and 10
mg/mL of USP Phosphatidylcholine (Soy) RS in Mobile phase
Standard solution B: 7 mg/mL of USP Phosphatidylethanolamine (Soy) RS and 7 mg/mL of
USP Lysophosphatidylcholine (Soy) RS in Mobile phase
Sample solution: 20 mg/mL of Lecithin in Mobile phase
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Mode: TLC
Plate: 20-cm × 20-cm, silica gel 60 on aluminium foil, 0.2-mm layer
Application volume: 20 µL
Spray reagent: Dilute 80 mL of phosphoric acid (85%) in 600 mL of water in a 1-L
volumetric flask. [Note—Add water to the flask first.] While stirring, add 100 g of
anhydrous cupric sulfate. After stirring for 10 min, most of the cupric sulfate is
dissolved. Add water to volume and continue stirring until the solid completely dissolves.
Analysis
Samples: Standard solution A, Standard solution B, and Sample solution
Fill the chromatography chamber with the Mobile phase to a height of about 0.5 cm. Place
a fat-free, U-shaped filter paper in the glass trough and press it against the wall.
Sufficient saturation is reached once the Mobile phase has permeated to the upper rim of
the filter paper.
Apply the Samples in different bands to the previously marked starting point on a TLC
plate.
Place the TLC plate in the saturated chromatography chamber. When the Mobile phase
front has reached the mark (12 cm above the starting point), remove the TLC plate, and
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dry it using a dryer.
Spray or immerse the TLC plate in the Spray reagent, and dry it again with a dryer (a
current of hot air). Heat the plate to 170 for 10 min. Develop all lipids by charring as dark
brown spots.
Acceptance criteria: The RF values of the spots for phosphatidylcholine,
phosphatidylethanolamine, phosphatidic acid, and lysophosphatidylcholine from the Sample
solution correspond to those from Standard solution A and Standard solution B. [Note
—Depending on a sample tested, if a phospholipid component presents in a low amount in
the sample, the corresponding spot in the Sample solution on the TLC may not be
visualized.] NF32
Delete the following:
• B. Paper Chromatography
Standard solution: Choline chloride solution (1 in 200) using USP Choline Chloride RS
Sample solution: To 0.5 g of Lecithin, add 5 mL of hydrochloric acid solution (1 in 2), heat
in a water bath for 2 h, and filter.
Chromatographic system
(See Chromatography 621 , Paper Chromatography.)
Mode: Paper
Developing solvent system: n-Butanol, water, and acetic acid (4:2:1)
Application volume: 10 µL
Spray reagent: Dragendorff's TS
Analysis
Samples: Standard solution and Sample solution
Use a suitable cellulose filter paper for chromatography. Develop the chromatogram over a
path of 25 cm, and dry the paper in a current of air. Spray the paper with Spray reagent
to develop a red-orange color, and locate the spots on the paper by examination under
daylight.
Acceptance criteria: The RF value of the principal spot from the Sample solution
corresponds to that from the Standard solution. NF32
ASSAY
Delete the following:
• Content of Acetone-Insoluble Matter
Sample: If the substance under test is plastic or semisolid, soften the Lecithin by warming
it briefly at a temperature not exceeding 60 , and then mix. Transfer 2 g to a 40-mL
centrifuge tube that previously has been tared along with a stirring rod, cool, and weigh.
Analysis: To the Sample add 15.0 mL of acetone, warm carefully in a water bath to melt
the test specimen without evaporating the acetone. Stir to help dissolve completely, and
place in an ice-water bath for 5 min. Add acetone that has been previously chilled to 0 –5
to the 40-mL mark on the tube, stirring during the addition. Cool in an ice-water bath for
15 min, stir, remove the rod, clarify by centrifuging at about 2000 rpm for 5 min, and
decant. Break up the residue with the stirring rod, and refill the centrifuge tube to the 40mL mark with chilled acetone, while stirring. Cool in an ice-water bath for 15 min, stir,
remove the rod, centrifuge, and decant. Break up the residue with the stirring rod. Place
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the tube in a horizontal position until most of the acetone has evaporated. Mix again, and
heat the tube containing the acetone-insoluble residue and the stirring rod at 105 to
constant weight. [Caution—Acetone is flammable.]
Determine the weight of the residue, and calculate the percentage of acetone-insoluble
matter.
Acceptance criteria: NLT 50.0% NF32
Add the following:
• Content of Phospholipids
[Note—Perform the test for lysophosphatidylcholine for Lecithin intended for use in the
manufacture of injectable dosage forms.]
Solution A: Mix 1342 g (2.0 L) of n-hexane, 334.1 g (425 mL) of isopropanol (2-propanol),
39.4 g (38 mL) of glacial acetic acid, and 2.0 mL of triethylamine.
Solution B: Mix 663.5 g (850 mL) of isopropanol, 15.8 g (15 mL) of glacial acetic acid, 140
g (140 mL) of water, and 0.8 mL of triethylamine.
Solvent: n-Hexane, isopropanol, and water (46:46:8) (v/v/v). [Note—To avoid the
formation of two phases, mix the isopropanol and water first, and then add the n-hexane.]
Mobile phase: See Table 1.
Table 1
Program
Time
Flow Rate Solution A Solution B
Step
(min)
(mL/min)
(%)
(%)
1
0
1.0
95
5
2
5.0
1.0
80
20
3
8.5
1.0
60
40
4
14.0
1.0
55
45
5
15.0
1.0
0
100
6
17.5
1.0
0
100
7
17.6
1.0
95
5
8
21.0
1.0
95
5
9
22.0
2.0
95
5
10
27.0
2.0
95
5
11
29.0
1.0
95
5
Phospholipids standard stock solution (2X): 0.8 mg/mL of USP Phosphatidylcholine
(Soy) RS, 0.4 mg/mL of USP Phosphatidylethanolamine (Soy) RS, 0.4 mg/mL of
phosphatidylinositol prepared from USP Phosphatidylinositol (Soy) Sodium RS, and 0.2
mg/mL of phosphatidic acid prepared from USP Phosphatidic Acid (Soy) Monosodium RS in
Solvent. [Note—Due to the highly hydroscopic nature of phospholipids, take special
precaution in the standard preparation.]
Phospholipids standard solutions: Prepare as directed in Table 2.

Concentration
0.6X
0.8X

Table 2
Phospholipids
Standard Stock Solution (2X):Solvent
(v/v)
3:7
4:6
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1.0X
5:5
1.2X
6:4
1.4X
7:3
System suitability solution: Phospholipids standard solution 1.0X
Lysophosphatidylcholine standard stock solution (2X): 60 µg/mL of USP
Lysophosphatidylcholine (Soy) RS in Solvent
Resolution solution: Phospholipids standard stock solution (2X):Lysophosphatidylcholine
standard stock solution (2X) (1:1)
Lysophosphatidylcholine standard solution: 30 µg/mL of USP Lysophosphatidylcholine
(Soy) RS in Solvent
Sample solution: 1 mg/mL of Lecithin in Solvent. [Note—If necessary, adjust the
concentration of the Sample solution to obtain the concentration of each of the
phospholipids within the calibration range.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Evaporative light-scattering detector
Column: 4-mm × 12.5-cm; 5-µm packing L20
Temperatures
Detector: 50
Column: 55
Flow rate: 1.0 mL/min with step gradient at 2.0 mL/min (see Table 1)
Injection size: 20 µL
System suitability
Samples: System suitability solution and Resolution solution
[Note—The relative retention times for phosphatidic acid, phosphatidylethanolamine,
phosphatidylcholine, phosphatidylinositol, and lysophosphatidylcholine are 0.4, 0.9, 1.0,
1.2, and 1.3, respectively, for the Resolution solution.]
Suitability requirements
Resolution: NLT 2.0, System suitability solution
Relative standard deviation: NMT 5.0%, System suitability solution
Analysis
Samples: Phospholipids standard solutions, Lysophosphatidylcholine standard solution,
and Sample solution
Identify the peaks of the relevant phospholipids in the chromatogram of the Sample
solution by comparison with the chromatograms from the Phospholipids standard solutions.
Measure the areas of the phospholipid peaks. Plot the logarithms of the relevant
responses versus the logarithms of the concentrations, in mg/mL, of each of the
phospholipids from the Standard solutions, and determine the linear regression line using a
least-squares analysis. The correlation coefficient for the linear regression line is NLT
0.995.
From the graphs, determine the concentration, C, in mg/mL, of the relevant phospholipid
in the Sample solution.
Calculate the percentage of each of the phospholipids (phosphatidic acid,
phosphatidylethanolamine, phosphatidylcholine, and phosphatidylinositol) in the portion of
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Lecithin taken:
Result = (CU/CS) × 100
C=
U concentration of each of phospholipids in the Sample solution (mg/mL)
C=
S concentration of Lecithin (mg/mL)
Based on the Lysophosphatidylcholine standard solution, identify the peak of
lysophosphatidylcholine. Compare the peak area of lysophosphatidylcholine in the
Lysophosphatidylcholine standard solution and Sample solution, respectively.
Acceptance criteria
The content of each of phospholipids (phosphatidylcholine,
phosphatidylethanolamine, phosphatidylinositol, and phosphatidic acid): Within
the respective ranges stated on the label
For Lecithin intended for use in the manufacture of injectable dosage forms
The content of lysophosphatidylcholine: The peak area of lysophosphatidylcholine
in the Sample solution is NMT the peak area of lysophosphatidylcholine in the
Lysophosphatidylcholine standard solution, corresponding to NMT 3.0% of
lysophosphatidylcholine in Lecithin.
NF32

IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

• Lead 251 : NMT 10 ppm
Change to read:
• Hexane-Insoluble Matter
Sample: If the substance under test is plastic or semisolid, soften the Lecithin by warming
it at a temperature not exceeding 60 , and then mix. Weigh 10.0 g into a 250-mL conical
flask.
Analysis: To the Sample add 100 mL of hexanes. Shake until solution is apparently
complete or until no more residue seems to be dissolving. Pass through a coarse-porosity
filtering funnel that previously has been heated at 105 for 1 h, cooled, and weighed.
Wash the flask with two 25-mL portions of hexanes, and pour both washings through the
funnel. Dry the funnel at 105 for 1 h. [Caution—Hexane is flammable.] Cool to room
temperature, and determine the gain in weight.
Acceptance criteria: NMT 0.3%
For sunflower lecithin: NMT 1.0% NF32
SPECIFIC TESTS
Add the following:
• Content of Acetone-Insoluble Matter
Sample: If the substance under test is plastic or semisolid, soften the Lecithin by warming
it briefly at a temperature not exceeding 60 , and then mix. Transfer 2 g to a 40-mL
centrifuge tube that previously has been tared along with a stirring rod, cool, and weigh.
Analysis: To the Sample add 15.0 mL of acetone, and warm carefully in a water bath to
melt the test specimen without evaporating the acetone. Stir to help dissolve completely,
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and place in an ice-water bath for 5 min. De-oiled lecithin and fractions are suspended in
acetone by stirring. Add acetone that has been previously chilled to 0 –5 to the 40-mL
mark on the tube, stirring during the addition. Cool in an ice-water bath for 15 min, stir,
remove the rod, clarify by centrifuging at about 2000 rpm for 5 min, and decant. Break up
the residue with the stirring rod, and refill the centrifuge tube to the 40-mL mark with
chilled acetone, while stirring. Cool in an ice-water bath for 15 min, stir, remove the rod,
centrifuge, and decant. Break up the residue with the stirring rod. Place the tube in a
horizontal position until most of the acetone has evaporated. Mix again, and heat the tube
containing the acetone-insoluble residue and the stirring rod at 105 to constant weight.
[Caution—Acetone is flammable.]
Determine the weight of the residue, and calculate the percentage of acetone-insoluble
matter.
Acceptance criteria: NLT 50.0%
For Lecithin intended for use in the manufacture of injectable dosage forms: NLT
90.0% NF32
• Fats and Fixed Oils, Acid Value 401
Sample: If the substance under test is plastic or semisolid, soften the Lecithin by warming
it briefly at a temperature not exceeding 60 , and then mix. Transfer 2 g to a 250-mL
conical flask.
Analysis: Dissolve the Sample in 50 mL of petroleum ether
with 100 –120 boiling range. NF32
To this solution add 50 mL of alcohol, previously neutralized to phenolphthalein with 0.1 N
sodium hydroxide, and mix. Add phenolphthalein TS. Titrate with 0.1 N sodium hydroxide
VS to a pink endpoint that persists for 5 s.
Calculate the amount, in mg, of potassium hydroxide required to neutralize the free acids in
1.0 g of the Lecithin:
Result = (MR × N × V)/W
M=Rmolecular mass of potassium hydroxide, 56.11
N= normality of the sodium hydroxide VS
V= volume of the sodium hydroxide VS consumed in the titration (mL)
W
= weight of Lecithin taken (g)
Acceptance criteria: NMT 36
• Peroxide Value
Sample: 5 g of Lecithin
Analysis: Transfer the Sample into a 250-mL Erlenmeyer flask with a ground-glass stopper,
add 35 mL of a mixture of chloroform and glacial acetic acid (2:1), and mix. Completely
dissolve the test specimen while shaking gently. The solution becomes transparent.
Completely replace the air in the flask with nitrogen. While purging with nitrogen, add 1 mL
of potassium iodide solution (165 mg/mL of potassium iodide), then stop the flow of the
nitrogen, and immediately place a stopper in the flask. Shake for 1 min, and allow to stand
in a dark place for 5 min. Add 75 mL of water, replace the stopper again, and shake
vigorously. Titrate with 0.01 N sodium thiosulfate VS, adding starch TS as the endpoint is
approached, and continue the titration until the blue starch color has just disappeared.
Perform a blank determination (see Titrimetry

541 ), and make any necessary
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correction.
Calculate the peroxide value, as milliequivalents of peroxide per 1000 g of Lecithin:
Result = (S × N/W) × 1000
S= net volume of sodium thiosulfate solution required for titration (mL)
N= normality of the sodium thiosulfate solution
W
= weight of Lecithin taken (g)
Acceptance criteria: NMT 10
For Lecithin intended for use in the manufacture of injectable dosage forms: NMT
3 NF32
Add the following:
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 :
The total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds
and yeasts count does not exceed 102 cfu/g. It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli. NF32
Change to read:
• Water Determination, Method I
2.0% NF32

921 : NMT 1.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at the
temperature indicated on the label. Protect from excess heat and moisture.
• Labeling:
Label to indicate the content of each of the phospholipids (phosphatidylcholine,
phosphatidylethanolamine, phosphatidylinositol, and phosphatidic acid). The labeling also
indicates the natural source of lecithin. Where Lecithin is intended for use in the
manufacture of injectable dosage forms, it is so labeled. NF32
Label it to indicate the storage conditions.
Change to read:
• USP Reference Standards 11
USP Choline Chloride RS
USP Lysophosphatidylcholine (Soy) RS
USP Phophatidic Acid (Soy) Monosodium RS
USP Phosphatidylcholine (Soy) RS
USP Phosphatidylethanolamine (Soy) RS
USP Phosphatidylinositol (Soy) Sodium RS NF32
BRIEFING
Linoleoyl Polyoxylglycerides, NF 30 page 1843—See the Briefing under Behenoyl
Polyoxylglycerides.
(EXC: H. Wang, R. Lafaver.)
Correspondence Number—C118140

Comment deadline: January 31, 2013
Linoleoyl Polyoxylglycerides
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DEFINITION
Linoleoyl Polyoxylglycerides is a mixture of monoesters, diesters, and triesters of glycerol and
monoesters and diesters of polyethylene glycols. The polyethylene glycols used have a mean
molecular weight between 300 and 400. The article is produced by partial alcoholysis of
unsaturated oils, mainly containing triglycerides of linoleic acid with polyethylene glycol, by
esterification of glycerol and polyethylene glycol with fatty acids, or as a mixture of glycerol
esters and ethylene oxide condensate with the fatty acids of the unsaturated oils. It may
contain free polyethylene glycols.
IDENTIFICATION
• A. Infrared Absorption 197F
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: 50 mg/mL of USP Linoleoyl Polyoxylglycerides RS in methylene chloride
Sample solution: 50 mg/mL of Linoleoyl Polyoxylglycerides in methylene chloride
Application volume: 10 µL
Developing solvent system: Ether and hexanes (70:30)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Then spray the plate with Spray reagent, and
locate the spots on the plate by examination under UV light at a wavelength of 365 nm.
Acceptance criteria: The RF values of the principal spots of the Sample solution
correspond to those of the Standard solution.
• C. It meets the requirements in Specific Tests (see Table 1) for Fats and Fixed Oils, Fatty
Acid Composition

401 .

IMPURITIES
• Heavy Metals, Method II

231 : NMT 10 µg/g

• Articles of Botanical Origin, Total Ash 561 : NMT 0.1%
• Alkaline Impurities
Sample: 5.0 g
Analysis: To the Sample add 10 mL of alcohol and 0.05 mL of bromophenol blue TS, and
mix well. Titrate with 0.01 N hydrochloric acid VS to change the color to yellow.
Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric acid is required.
Change to read:
• Limit of Free Ethylene Oxide and Dioxane
[Caution—Ethylene oxide is toxic and flammable. Prepare all solutions in a well-ventilated hood.
The operator must protect hands and face by wearing polyethylene protective gloves and
an appropriate face mask. Store all solutions in hermetic containers, and refrigerate at a
temperature between 4 and 8 .]
[Note—Perform all determinations three times.]
Magnesium chloride solution: 500 mg/mL of magnesium chloride in alcohol
Ethylene oxide stock solution: Into a dry, clean test tube, cooled in a mixture of sodium
chloride and crushed ice (1:3), introduce a slow current of ethylene oxide gas, allowing
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condensation onto the inner wall of the test tube. Using a glass syringe, previously
cooled to 10 , transfer about 300 µL of liquid ethylene oxide, equivalent to 0.25 g, to
50 mL of polyethylene glycol 200. Determine the absorbed quantity of ethylene oxide by
weighing before and after absorption. Dilute with polyethylene glycol 200 to 100.0 mL.
Transfer 10.0 mL of Magnesium chloride solution to a volumetric flask. Add 20.0 mL of 0.1
M alcoholic hydrochloric acid VS. Insert the stopper, shake to obtain a saturated
solution, and allow to equilibrate overnight. Transfer 5.00 mL of Ethylene oxide stock
solution to the flask, and allow to stand for 30 min. Titrate with 0.1 M alcoholic
potassium hydroxide VS. Perform a blank titration, using the same quantity of
polyethylene glycol 200 instead of Ethylene oxide stock solution, and note the difference
in volumes required. Each mL of the difference in volumes of 0.1 M alcoholic potassium
hydroxide VS consumed is equivalent to 4.404 mg of ethylene oxide. Calculate the
concentration of ethylene oxide, in mg/g, in the Ethylene oxide stock solution.
Ethylene oxide solution: Dilute a volume of Ethylene oxide stock solution with
polyethylene glycol 200 to obtain a solution containing 50 µg/g of ethylene oxide. Mix the
resulting solution and water (1:4) to obtain a solution having a known concentration of
10 µg/mL of ethylene oxide. [Note—Prepare immediately before use.]
Dioxane solution: 0.5 mg/mL of dioxane
Standard solution 1: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial,
and add 1.0 mL of N,N-dimethylacetamide, 0.1 mL of Ethylene oxide solution, and 0.1 mL
of Dioxane solution. Close the vial, and mix to obtain a homogenous solution. Allow to
stand at 90 for 45 min.
Standard solution 2: Transfer 0.1 mL of Ethylene oxide solution to a 10-mL vial. Add 0.1
mL of a freshly prepared solution of acetaldehyde, containing 10 mg/L of acetaldehyde,
and add 0.1 mL of Dioxane solution. Close the vial, and mix to obtain a homogenous
solution.
Sample solution: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial, and
add 1.0 mL of N,N-dimethylacetamide and 0.2 mL of water. Close the vial, and mix to
obtain a homogenous solution. Allow to stand at 90 for 45 min.
Chromatographic system
[Note—Headspace apparatus that automatically transfers a measured amount of
headspace may be used.]
Mode: GC, headspace analysis
Detector: Flame ionization
Column: 0.32-mm × 30-m glass or quartz capillary column bonded with a 1.0-µm layer
of phase G1
Temperature
Injector: 150
Detector: 250
Column: See the temperature program table below.
Initial
Temperature
( )
50

Ramp
( /min)
—

Final
Temperature
( )
50

Hold Time at
Final Temperature
(min)
5
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50
5
180
—
180
30
230
5
Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 mL
System suitability
Sample: Gaseous phase of Standard solution 2
[Note—The relative retention times for acetaldehyde and ethylene oxide are about 0.94
and 1.0, respectively.]
Suitability requirements
[Note—Record the peak responses as directed for Procedure, adjusting the sensitivity of
the system so that the peak heights of the two principal peaks in the chromatogram
are NLT 15% of the full scale of the recorder.]
Resolution: NLT 2.0 between acetaldehyde and ethylene oxide
Relative standard deviation: NMT 15.0%
Analysis
Samples: Using a heated, gas-tight gas chromatographic syringe, separately inject the
gaseous headspace of Standard solution 1 and the Sample solution. The mean areas of
the ethylene oxide and dioxane peaks in the chromatogram from the Sample solution
are NMT half the mean areas of the corresponding peaks in the chromatogram from
Standard solution 1, equivalent to 1 µg/g of ethylene oxide and 50 µg/g of dioxane.
Calculate the concentration of ethylene oxide, in µg/g, in the Sample taken:
Result = (C × rU)/[(rS × MU )

(rU × MS)]

C= concentration of ethylene oxide in Standard solution 1 (µg/mL)
rU= peak response from the Sample solution
rS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Calculate the concentration of dioxane, in µg/g, in the Sample taken:
Result = (CD × dU)/[5 × (dS × MU

dU × MS)]

CD= concentration of dioxane in Standard solution 1 (µg)
dU= peak response from the Sample solution
dS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g
Analysis: Proceed as directed in Ethylene Oxide and Dioxane
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g

228 , Method I.
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NF32

• Limit of Free Glycerol
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid. Dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride, heating if necessary. Cool,
and add 100 mL of water and 25.0 mL of Periodic acetic acid solution. Shake, and allow to
stand for 30 min. Add 40 mL of Potassium iodide solution, and allow to stand for 1 min.
Add 1 mL of starch TS, and titrate the liberated iodine with 0.1 M sodium thiosulfate VS.
Perform a blank determination, and make any necessary correction.
Calculate the percentage of glycerol in the sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 23.0 mg/mEq
W= Sample weight (mg)
Acceptance criteria: NMT 5.0%
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value
Sample: 2.0 g
Acceptance criteria: NMT 2.0

401

• Fats and Fixed Oils, Fatty Acid Composition 401 : Linoleoyl Polyoxylglycerides exhibits
the composition profile of fatty acids shown in Table 1.
Table 1
Carbon-ChainNumber of DoublePercentage
Length
Bonds
(%)
16
0
4.0–20.0
18
0
6.0
18
18
18

1
2
3

20.0–35.0
50.0–65.0
2.0

20

0

1.0

20

1

1.0
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• Fats and Fixed Oils, Hydroxyl Value
Sample: 1.0 g
Acceptance criteria: 45–65
• Fats and Fixed Oils, Iodine Value
• Fats and Fixed Oils, Peroxide Value
Sample: 2.0 g
Acceptance criteria: NMT 12.0
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401

401 : 90–110
401

• Fats and Fixed Oils, Saponification Value
Sample: 2.0 g
Acceptance criteria: 150–170

401

• Water Determination, Method I 921
Sample: 1.0 g
Analysis: Instead of using methanol as the solvent, one of two solvent systems can be
used: a mixture of methylene chloride and anhydrous methanol (70:30 v/v), or anhydrous
pyridine.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture.
Store at controlled room temperature.
• Labeling: Label it to indicate the type and the average nominal molecular weight of
polyethylene glycol used as part of the official title.
• USP Reference Standards 11
USP Linoleoyl Polyoxylglycerides RS
BRIEFING
Oleoyl Polyoxylglycerides, NF 30 page 1878. See the Briefing under Behenoyl
Polyoxylglycerides.
(EXC: H. Wang, R. Lafaver.)
Correspondence Number—C118140

Comment deadline: January 31, 2013
Oleoyl Polyoxylglycerides
DEFINITION
Oleoyl Polyoxylglycerides is a mixture of monoesters, diesters, and triesters of glycerol and
monoesters and diesters of polyethylene glycols. Polyethylene glycols used have a mean
molecular weight between 300 and 400. The article is produced by partial alcoholysis of
unsaturated oils, mainly containing triglycerides of oleic acid with polyethylene glycol, by
esterification of glycerol and polyethylene glycol with fatty acids, or as a mixture of glycerol
esters and ethylene oxide condensate with the fatty acids of the unsaturated oils. It may
contain free polyethylene glycols.
IDENTIFICATION
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• A. Infrared Absorption 197F
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: 50 mg/mL of USP Oleoyl Polyoxylglycerides RS in methylene chloride
Sample solution: 50 mg/mL of Oleoyl Polyoxylglycerides in methylene chloride
Application volume: 10 µL
Developing solvent system: Ether and hexanes (70:30)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Then spray the plate with Spray reagent, and
locate the spots on the plate by examination under UV light at a wavelength of 365 nm.
Acceptance criteria: The RF values of the principal spots of the Sample solution
correspond to those of the Standard solution.
• C. It meets the requirements in Specific Tests (see Table 1) for Fats and Fixed Oils, Fatty
Acid Composition

401 .

IMPURITIES
• Heavy Metals, Method II 231 : NMT 10 µg/g
• Alkaline Impurities
Sample: 5.0 g
Analysis: To the Sample add 10 mL of alcohol and 0.05 mL of bromophenol blue TS, and
mix well. Titrate with 0.01 N hydrochloric acid VS to change the color to yellow.
Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric acid is required.
Change to read:
• Limit of Free Ethylene Oxide and Dioxane
[Caution—Ethylene oxide is toxic and flammable. Prepare all solutions in a well-ventilated hood.
The operator must protect hands and face by wearing polyethylene protective gloves and
an appropriate face mask. Store all solutions in hermetic containers, and refrigerate at a
temperature between 4 and 8 .]
[Note—Perform all determinations three times.]
Magnesium chloride solution: 500 mg/mL of magnesium chloride in alcohol
Ethylene oxide stock solution: Into a dry, clean test tube, cooled in a mixture of sodium
chloride and crushed ice (1:3), introduce a slow current of ethylene oxide gas, allowing
condensation onto the inner wall of the test tube. Using a glass syringe, previously
cooled to 10 , transfer about 300 µL of liquid ethylene oxide, equivalent to 0.25 g, to
50 mL of polyethylene glycol 200. Determine the absorbed quantity of ethylene oxide by
weighing before and after absorption. Dilute with polyethylene glycol 200 to 100.0 mL.
Transfer 10.0 mL of Magnesium chloride solution to a volumetric flask. Add 20.0 mL of 0.1
M alcoholic hydrochloric acid VS. Insert the stopper, shake to obtain a saturated
solution, and allow to equilibrate overnight. Transfer 5.00 mL of Ethylene oxide stock
solution to the flask, and allow to stand for 30 min. Titrate with 0.1 M alcoholic
potassium hydroxide VS. Perform a blank titration, using the same quantity of
polyethylene glycol 200 instead of Ethylene oxide stock solution, and note the difference
in volumes required. Each mL of the difference in volumes of 0.1 M alcoholic potassium
hydroxide VS consumed is equivalent to 4.404 mg of ethylene oxide. Calculate the
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concentration of ethylene oxide, in mg/g, in the Ethylene oxide stock solution.
Ethylene oxide solution: Dilute a volume of Ethylene oxide stock solution with
polyethylene glycol 200 to obtain a solution containing 50 µg/g of ethylene oxide. Mix the
resulting solution and water (1:4) to obtain a solution having a known concentration of
10 µg/mL of ethylene oxide. [Note—Prepare immediately before use.]
Dioxane solution: 0.5 mg/mL of dioxane
Standard solution 1: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial,
and add 1.0 mL of N,N-dimethylacetamide, 0.1 mL of Ethylene oxide solution, and 0.1 mL
of Dioxane solution. Close the vial, and mix to obtain a homogenous solution. Allow to
stand at 90 for 45 min.
Standard solution 2: Transfer 0.1 mL of Ethylene oxide solution to a 10-mL vial. Add 0.1
mL of a freshly prepared solution of acetaldehyde, containing 10 mg/L of acetaldehyde,
and add 0.1 mL of Dioxane solution. Close the vial, and mix to obtain a homogenous
solution.
Sample solution: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial, and
add 1.0 mL of N,N-dimethylacetamide and 0.2 mL of water. Close the vial, and mix to
obtain a homogenous solution. Allow to stand at 90 for 45 min.
Chromatographic system
[Note—Headspace apparatus that automatically transfers a measured amount of
headspace may be used.]
Mode: GC, headspace analysis
Detector: Flame ionization
Column: 0.32-mm × 30-m glass or quartz capillary column bonded with a 1.0-µm layer
of phase G1
Temperature
Injector: 150
Detector: 250
Column: See the temperature program table below.
Initial
Final
Hold Time at
Temperature Ramp
Temperature
Final Temperature
( )
( /min)
( )
(min)
50
—
50
5
50
5
180
—
180
30
230
5
Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 mL
System suitability
Sample: Gaseous phase of Standard solution 2
[Note—The relative retention times for acetaldehyde and ethylene oxide are about 0.94
and 1.0, respectively.]
Suitability requirements
[Note—Record the peak responses as directed for Procedure, adjusting the sensitivity of
the system so that the peak heights of the two principal peaks in the chromatogram
are NLT 15% of the full scale of the recorder.]
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Resolution: NLT 2.0 between acetaldehyde and ethylene oxide
Relative standard deviation: NMT 15.0%
Analysis
Samples: Using a heated, gas-tight gas chromatographic syringe, separately inject the
gaseous headspace of Standard solution 1 and the Sample solution. The mean areas of
the ethylene oxide and dioxane peaks in the chromatogram from the Sample solution
are NMT half the mean areas of the corresponding peaks in the chromatogram from
Standard solution 1, equivalent to 1 µg/g of ethylene oxide and 50 µg/g of dioxane.
Calculate the concentration of ethylene oxide, in µg/g, in the Sample taken:
Result = (C × rU)/[(rS × MU )

(rU × MS)]

C= concentration of ethylene oxide in Standard solution 1 (µg/mL)
rU= peak response from the Sample solution
rS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Calculate the concentration of dioxane, in µg/g, in the Sample taken:
Result = (CD × dU)/[5 × (dS × MU

dU × MS)]

CD= concentration of dioxane in Standard solution 1 (µg)
dU= peak response from the Sample solution
dS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g
Analysis: Proceed as directed in Ethylene Oxide and Dioxane
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g

228 , Method I.

NF32

• Limit of Free Glycerol
Sample: 1.2 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, and dilute with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Blank: 25 mL of methylene chloride
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 M sodium thiosulfate VS
Endpoint detection: Visual
Analysis: Dissolve the Sample in 25 mL of methylene chloride, heating if necessary. Cool,
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and add 100 mL of water and 25.0 mL of Periodic acetic acid solution. Shake, and allow to
stand for 30 min. Add 40 mL of Potassium iodide solution, and allow to stand for 1 min.
Add 1 mL of starch TS, and titrate the liberated iodine with 0.1 M sodium thiosulfate VS.
Perform a blank determination, and make any necessary correction.
Calculate the percentage of glycerol in the sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 23.0 mg/mEq
W= Sample weight (mg)
Acceptance criteria: NMT 5.0%
SPECIFIC TESTS
• Articles of Botanical Origin, Total Ash
• Fats and Fixed Oils, Acid Value
Sample: 2.0 g
Acceptance criteria: NMT 2.0

561 : NMT 0.1%

401

• Fats and Fixed Oils, Fatty Acid Composition 401 : Oleoyl Polyoxylglycerides exhibits the
composition profile of fatty acids shown in Table 1.
Table 1
Number of
Percentage
Double Bonds
(%)
0
4.0–9.0

Carbon-Chain
Length
16
18
18
18

0
1
2

18

3

2.0

20

0

2.0

20

1

2.0

• Fats and Fixed Oils, Hydroxyl Value
Sample: 1.0 g
Acceptance criteria: 45–65
• Fats and Fixed Oils, Iodine Value

401

401 : 75–95

• Fats and Fixed Oils, Peroxide Value
Sample: 2.0 g
Acceptance criteria: NMT 12.0

401

• Fats and Fixed Oils, Saponification Value
Sample: 2.0 g
Acceptance criteria: 150–170
• Water Determination, Method I

921

401

6.0
58.0–80.0
15.0–35.0
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Sample: 1.0 g
Analysis: Instead of using methanol as the solvent, one of two solvent systems can be
used: a mixture of methylene chloride and anhydrous methanol (70:30 v/v), or anhydrous
pyridine.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture.
Store at controlled room temperature.
• Labeling: Label it to indicate the type and the average nominal molecular weight of
polyethylene glycol used as part of the official title.
• USP Reference Standards 11
USP Oleoyl Polyoxylglycerides RS
BRIEFING
Squalane, NF 30 page 1970. As part of the USP monograph modernization effort, it is proposed
to making the following revisions:
1.
Update the monograph Definition.
2.
Add an Assay which is based on a GC method of analyses performed using the Agilent
DB-1 brand of G2 column. The typical retention times for methyl erucate and
squalane are 38 and 41 min, respectively.
3.
Add an additional Identification test which is based on GC peak agreement with USP
Squalane RS under a newly proposed Assay.
4.
In the Impurities section, delete the test for Chromatographic Purity.
(EXC: H. Wang.)
Correspondence Number—C108248

Comment deadline: January 31, 2013
Squalane
C30 H62

422.81

Tetracosane, 2,6,10,15,19,23-hexamethyl-;
2,6,10,15,19,23-Hexamethyltetracosane
[111-01-3].
DEFINITION
Change to read:
• Squalane is a saturated hydrocarbon obtained by hydrogenation of squalene, an aliphatic
triterpene occurring in some fish oils.
It contains NLT 97.0% and NMT 102.0% of 2,6,10,15,19,23-hexamethyltetracosane (C30 H62 ).
NF32

IDENTIFICATION
• A. Infrared Absorption 197F
Sample: Undried specimen
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Acceptance criteria: Meets the requirements
Add the following:
• B. The retention time of the major peak of the Sample solution, excluding the solvent peak,
corresponds to that of the Standard solution, as obtained in the Assay. NF32
ASSAY
Add the following:
• Procedure
Diluent: Heptane
Standard solution: 4 mg/mL of USP Squalane RS in Diluent
System suitability solution: 4 mg/mL of USP Squalane RS and 4 µL/mL of methyl erucate
in Diluent
Sample solution: 4 mg/mL of Squalane in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m fused silica capillary column bonded with a 1-µm layer of
phase G2
Temperatures
Detector: 300
Injection port: 275
Column: See Table 1.
Table 1
Initial
Temperature
Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
60
5.9
290
11
Carrier gas: Helium
Flow rate: 1.7 mL/min
Injection volume: 1 µL
Injection type: Split injection. The split ratio is about 1:12.
Liner: General purpose split/splitless liner with deactivated wool
System suitability
Samples: Standard solution and System suitability solution
[Note—The relative retention times for methyl erucate and squalane are 0.9 and 1.0,
respectively.]
Suitability requirement
Relative standard deviation: NMT 2%, Standard solution
Resolution: NLT 5 between the peaks due to methyl erucate and squalane, System
suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of squalane (C30 H62 ) in the portion of Squalane taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Squalane RS in the Standard solution (mg/mL)
C=
U concentration of Squalane in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–102.0% NF32
IMPURITIES
• Residue on Ignition 281 : NMT 0.5%
Delete the following:
• Chromatographic Purity
Standard solution: 20 mg/mL of USP Squalane RS in n-hexane
Sample solution: 20 mg/mL of Squalane in n-hexane
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 3-mm × 1.8-m; packed with 3% phase G1 on packing S1A
Temperatures
Detector: 280
Injection port: 280
Column: See Table 1.
Table 1
Initial
Temperature Final
Hold Time at Final
Temperature
Ramp
Temperature
Temperature
(min)
( )
( /min)
( )
130
6
270
End
Carrier gas: Nitrogen
Flow rate: 25 mL/min
Injection volume: 2 µL
Analysis
Samples: Standard solution and Sample solution
Identify the squalane peak in the Sample solution by comparison of the retention time
with that of the main peak in the Standard solution.
Acceptance criteria: The area of the squalane peak in the Sample solution is NLT 97% of
the sum of the areas of all of the peaks. NF32
SPECIFIC TESTS
• Specific Gravity

841 : 0.807–0.810 at 20

• Fats and Fixed Oils, Acid Value
• Fats and Fixed Oils, Iodine Value

401 : NMT 0.2
401 : NMT 4

• Fats and Fixed Oils, Saponification Value

401 : NMT 2

PF 38(6): Nov.-Dec. 2012

• Refractive Index
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831 : 1.4510–1.4525 at 20

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Squalane RS

11
BRIEFING

Stearoyl Polyoxylglycerides, NF 30 page 1992. See the Briefing under Behenoyl
Polyoxylglycerides.
(EXC: H. Wang, R. Lafaver.)
Correspondence Number—C118140

Comment deadline: January 31, 2013
Stearoyl Polyoxylglycerides
DEFINITION
Stearoyl Polyoxylglycerides is a mixture of monoesters, diesters, and triesters of glycerol and
monoesters and diesters of polyethylene glycols. The polyethylene glycols used have a mean
molecular weight between 300 and 4000. It is produced by partial alcoholysis of saturated oils,
mainly containing triglycerides of stearic acid, with polyethylene glycol, by esterification of
glycerol and polyethylene glycol with fatty acids, or as a mixture of glycerol esters and
ethylene oxide condensate with the fatty acids of the hydrogenated oils. The hydroxyl value is
NLT 85% and NMT 115% of the labeled nominal value, and the saponification value is NLT 90%
and NMT 110% of the labeled nominal value. Stearoyl Polyoxylglycerides may contain free
polyethylene glycols.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Thin-Layer Chromatographic Identification Test 201
Standard solution: 50 mg/mL of USP Stearoyl Polyoxylglycerides in methylene chloride
Sample solution: 50 mg/mL of Stearoyl Polyoxylglycerides in methylene chloride
Chromatographic system
Application volume: 10 µL
Developing solvent system: Ether and hexanes (70:30)
Spray reagent: 0.1 mg/mL of rhodamine B in alcohol
Analysis
Samples: Standard solution and Sample solution
Proceed as directed in the chapter. Then spray the plate with Spray reagent, and
locate the spots on the plate by examination under UV light at a wavelength of 365 nm.
Acceptance criteria: The RF values of the principal spots of the Sample solution
correspond to those of the Standard solution.
• C. It meets the requirements in Specific Tests (see Table 1) for Fats and Fixed Oils, Fatty
Acid Composition

401 .
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IMPURITIES
• Heavy Metals, Method II

231 : NMT 10 µg/g

• Articles of Botanical Origin, Total Ash 561 : NMT 0.2%
• Alkaline Impurities
Sample: 5.0 g
Analysis: Heat the Sample slightly until the test substance melts, add 10 mL of alcohol
and 0.05 mL of bromophenol blue TS, and mix well. While the solution is still warm, titrate
with 0.01 N hydrochloric acid VS to change the color to yellow.
Acceptance criteria: NMT 1.0 mL of 0.01 N hydrochloric acid VS is required.
Change to read:
• Limit of Free Ethylene Oxide and Dioxane
[Caution—Ethylene oxide is toxic and flammable. Prepare all solutions in a well-ventilated hood.
The operator must protect hands and face by wearing polyethylene protective gloves and
an appropriate face mask. Store all solutions in hermetic containers, and refrigerate at a
temperature between 4 and 8 .]
[Note—Perform all determinations three times.]
Magnesium chloride solution: 500 mg/mL of magnesium chloride in alcohol
Ethylene oxide stock solution: Into a dry, clean test tube, cooled in a mixture of sodium
chloride and crushed ice (1:3), introduce a slow current of ethylene oxide gas, allowing
condensation onto the inner wall of the test tube. Using a glass syringe, previously
cooled to 10 , transfer about 300 µL of liquid ethylene oxide, equivalent to 0.25 g, to
50 mL of polyethylene glycol 200. Determine the absorbed quantity of ethylene oxide by
weighing before and after absorption. Dilute with polyethylene glycol 200 to 100.0 mL.
Transfer 10.0 mL of Magnesium chloride solution to a volumetric flask. Add 20.0 mL of 0.1
M alcoholic hydrochloric acid VS. Insert the stopper, shake to obtain a saturated
solution, and allow to equilibrate overnight. Transfer 5.00 mL of Ethylene oxide stock
solution to the flask, and allow to stand for 30 min. Titrate with 0.1 M alcoholic
potassium hydroxide VS. Perform a blank titration, using the same quantity of
polyethylene glycol 200 instead of Ethylene oxide stock solution, and note the difference
in volumes required. Each mL of the difference in volumes of 0.1 M alcoholic potassium
hydroxide VS consumed is equivalent to 4.404 mg of ethylene oxide. Calculate the
concentration of ethylene oxide, in mg/g, in the Ethylene oxide stock solution.
Ethylene oxide solution: Dilute a volume of Ethylene oxide stock solution with
polyethylene glycol 200 to obtain a solution containing 50 µg/g of ethylene oxide. Mix the
resulting solution and water (1:4) to obtain a solution having a known concentration of
10 µg/mL of ethylene oxide. [Note—Prepare immediately before use.]
Dioxane solution: 0.5 mg/mL of dioxane
Standard solution 1: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial,
and add 1.0 mL of N,N-dimethylacetamide, 0.1 mL of Ethylene oxide solution, and 0.1 mL
of Dioxane solution. Close the vial, and mix to obtain a homogenous solution. Allow to
stand at 90 for 45 min.
Standard solution 2: Transfer 0.1 mL of Ethylene oxide solution to a 10-mL vial. Add 0.1
mL of a freshly prepared solution of acetaldehyde, containing 10 mg/L of acetaldehyde,
and add 0.1 mL of Dioxane solution. Close the vial, and mix to obtain a homogenous
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solution.
Sample solution: Transfer 1.0 g of Caprylocaproyl Polyoxylglycerides to a 10-mL vial, and
add 1.0 mL of N,N-dimethylacetamide and 0.2 mL of water. Close the vial, and mix to
obtain a homogenous solution. Allow to stand at 90 for 45 min.
Chromatographic system
[Note—Headspace apparatus that automatically transfers a measured amount of
headspace may be used.]
Mode: GC, headspace analysis
Detector: Flame ionization
Column: 0.32-mm × 30-m glass or quartz capillary column bonded with a 1.0-µm layer
of phase G1
Temperature
Injector: 150
Detector: 250
Column: See the temperature program table below.
Initial
Final
Hold Time at
Temperature Ramp
Temperature
Final Temperature
( )
( /min)
( )
(min)
50
—
50
5
50
5
180
—
180
30
230
5
Carrier gas: Helium
Flow rate: 1 mL/min
Injection size: 1 mL
System suitability
Sample: Gaseous phase of Standard solution 2
[Note—The relative retention times for acetaldehyde and ethylene oxide are about 0.94
and 1.0, respectively.]
Suitability requirements
[Note—Record the peak responses as directed for Procedure, adjusting the sensitivity of
the system so that the peak heights of the two principal peaks in the chromatogram
are NLT 15% of the full scale of the recorder.]
Resolution: NLT 2.0 between acetaldehyde and ethylene oxide
Relative standard deviation: NMT 15.0%
Analysis
Samples: Using a heated, gas-tight gas chromatographic syringe, separately inject the
gaseous headspace of Standard solution 1 and the Sample solution. The mean areas of
the ethylene oxide and dioxane peaks in the chromatogram from the Sample solution
are NMT half the mean areas of the corresponding peaks in the chromatogram from
Standard solution 1, equivalent to 1 µg/g of ethylene oxide and 50 µg/g of dioxane.
Calculate the concentration of ethylene oxide, in µg/g, in the Sample taken:
Result = (C × rU)/[(rS × MU )

(rU × MS)]

C= concentration of ethylene oxide in Standard solution 1 (µg/mL)
rU= peak response from the Sample solution
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rS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Calculate the concentration of dioxane, in µg/g, in the Sample taken:
Result = (CD × dU)/[5 × (dS × MU

dU × MS)]

CD= concentration of dioxane in Standard solution 1 (µg)
dU= peak response from the Sample solution
dS= peak response from Standard solution 1
M=
U quantity of Caprylocaproyl Polyoxylglycerides taken to prepare the Sample solution (g)
M=
S quantity of Caprylocaproyl Polyoxylglycerides taken to prepare Standard solution 1 (g)
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g
Analysis: Proceed as directed in Ethylene Oxide and Dioxane
Acceptance criteria
Ethylene oxide: NMT 1 µg/g
Dioxane: NMT 10 µg/g

228 , Method I.

NF32

• Limit of Free Glycerol
Sample: 1.20 g
Periodic acetic acid solution: Dissolve 0.446 g of sodium periodate in 2.5 mL of a 25%
(v/v) solution of sulfuric acid, diluting with glacial acetic acid to 100.0 mL.
Potassium iodide solution: 75 mg/mL of potassium iodide
Analysis: Dissolve the Sample in 25 mL of methylene chloride, heating if necessary. Cool,
and add 100 mL of water and 25.0 mL of the Periodic acetic acid solution. Shake, and
allow to stand for 30 min. Add 40 mL of the Potassium iodide solution, and allow to stand
for 1 min. Add 1 mL of starch TS, and titrate the liberated iodine with 0.1 M sodium
thiosulfate VS. Perform a blank determination, and make any necessary correction (see
Titrimetry

541 ). Calculate the percentage of glycerol in the sample taken:
Result = {[(VS

VB) × N × F]/W} × 100

V=
S Titrant volume consumed by the Sample (mL)
V=
B Titrant volume consumed by the Blank (mL)
N= actual normality of the Titrant (mEq/mL)
F= equivalency factor, 23.0 mg/mEq
W= Sample weight (mg)
Acceptance criteria: NMT 5.0%
SPECIFIC TESTS
• Fats and Fixed Oils, Acid Value
Sample: 2.0 g
Acceptance criteria: NMT 2.0

401

• Fats and Fixed Oils, Fatty Acid Composition

401 : Stearoyl Polyoxylglycerides exhibits
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the following composition profile of fatty acids, as determined in the chapter (see Table 1).
Table 1
Carbon-Chain Number of Double Percentage
Length
Bonds
(%)
12

0

14
16
18

0
0
0

5.0
5.0
40.0–50.0
48.0–58.0

• Fats and Fixed Oils, Hydroxyl Value 401
Sample: 1.0 g
Acceptance criteria: 25–56, 85%–115% of the labeled nominal value
• Fats and Fixed Oils, Iodine Value
• Fats and Fixed Oils, Peroxide Value
Sample: 2.0 g
Acceptance criteria: NMT 6.0

401 : NMT 2.0
401

• Fats and Fixed Oils, Saponification Value 401
Sample: 2.0 g
Acceptance criteria: 67–112, 90%–110% of the labeled nominal value
• Water Determination, Method I 921
Sample: 1.0 g
Solvent: Anhydrous pyridine or a mixture of methylene chloride and anhydrous methanol
(70:30)
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, protected from light and moisture.
Store at controlled room temperature.
• Labeling: Label it to indicate the type and the average nominal molecular weight of
polyethylene glycols used as part of the official title. The label also indicates the hydroxyl
value and the saponification value.
• USP Reference Standards 11
USP Stearoyl Polyoxylglycerides RS
BRIEFING
Sugar Spheres, NF 30 page 2000. As part of the USP monograph modernization effort, it is
proposed to make the following changes:
1.
Add an Identification test B based on the test for Specific Rotation.
2.
Replace the current Assay based on the test for Specific Rotation with an HPLC Assay.
The HPLC procedure is based on analyses performed with the Agilent Zorbax
Carbohydrate brand of L8 column; sucrose elutes at approximately 7.3 min.
3.
Move the test for Specific Rotation from the Assay to Specific Tests.
4.
Update the Labeling section.
5.
Add a USP Reference Standards section.
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Interested parties are encouraged to comment on the proposal.
(EXC: H. Wang.)
Correspondence Number—C114875

Comment deadline: January 31, 2013
Sugar Spheres
DEFINITION
Sugar Spheres contain NLT 62.5% and NMT 91.5% of sucrose (C12 H22 O11 ), calculated on the
dried basis, the remainder consisting chiefly of starch. They consist of approximately spherical
particles of a labeled nominal size range. They may contain color additives permitted by the
FDA for use in drugs.
IDENTIFICATION
• A.
Sample suspension: 1:10
Analysis: Add iodine TS to the Sample suspension.
Acceptance criteria: A violet to deep blue color is produced.
Add the following:
• B. It meets the requirements of the test for Specific Rotation in Specific Tests.

NF32

ASSAY
Delete the following:
• Optical Rotation, Specific Rotation 781S
Sample solution: Transfer 20 g to a 200-mL volumetric flask, add 160 mL of water, shake
to dissolve the sucrose, add water to volume, and mix. Pass the solubilized sucrose
solution by vacuum filtration through fine filter paper.
Acceptance criteria: +41 to +61 , corresponding to 62.5%–91.5% of sucrose
(C12 H22 O11 ), calculated on the dried basis
NF32

Add the following:
• Content of Sucrose
Mobile phase: Acetonitrile and water (80:20, v/v)
System suitability solution: Prepare an aqueous solution containing 20 mg/mL of sucrose,
1.0 mg/mL of dextrose (glucose), 0.6 mg/mL of fructose, 0.6 mg/mL of maltose, and 0.8
mg/mL of lactose using USP Sucrose RS, USP Dextrose RS, USP Fructose RS, USP Maltose
Monohydrate RS, and USP Anhydrous Lactose RS.
Standard solution: Dissolve USP Sucrose RS in water to obtain a solution having a
concentration of about 20 mg/mL of sucrose.
Sample solution: 20 mg/mL of Sugar Spheres in water. Pass the solution through a 0.2-µm
nylon syringe filter.
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: Refractive index
Column: 4.6-mm × 15-cm; 5-µm packing L8
Temperatures
Column: 45
Detector: 40
Flow rate: 2.0 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1.]
Table 1
Relative
Retention
Name
Time
Fructose
0.5
Dextrose (glucose)
0.6
Sucrose
1.0
Maltose
1.3
Lactose
1.5
Suitability requirements
Resolution: NLT 1.3 between all adjacent peaks, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of sucrose in the portion of Sugar Spheres taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Sucrose RS in the Standard solution (mg/mL)
C=
U concentration of Sugar Spheres in the Sample solution (mg/mL)
Acceptance criteria: 62.5%–91.5% on the dried basis NF32
IMPURITIES
• Residue on Ignition 281
Sample: 2.0 g
Analysis: Ignite at a temperature of 700 ± 25 .
Acceptance criteria: NMT 0.25%
• Heavy Metals, Method II

231 : 5 µg/g

SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/g, and the Spheres meet the
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requirements of the tests for absence of Salmonella species, Escherichia coli,
Staphylococcus aureus, and Pseudomonas aeruginosa.
Add the following:
• Optical Rotation, Specific Rotation 781S
Sample solution: Transfer 20 g to a 200-mL volumetric flask, add 160 mL of water, shake
to dissolve the sucrose, add water to volume, and mix. Pass the solubilized sucrose
solution by vacuum filtration through fine filter paper.
Acceptance criteria: +41 to +61 , corresponding to 62.5%–91.5% of sucrose
(C12 H22 O11 ), calculated on the dried basis NF32
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 4.0%
• Particle Size Distribution Estimation by Analytical Sieving 786 : NLT 90% of it passes
the coarser sieve size stated in the labeling; all of it passes the next coarser sieve size
listed in Table 1 of the chapter; and NMT 10% passes the finer sieve size stated in the
labeling.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• Labeling: The label states the nominal particle size range.
Label it to indicate the name and amount of any added color additives.

NF32

Add the following:
• USP Reference Standards 11
USP Anhydrous Lactose RS
USP Dextrose RS
USP Fructose RS
USP Maltose Monohydrate RS
USP Sucrose RS
NF32

BRIEFING
Compressible Sugar, NF 30 page 1999. As part of the USP monograph modernization effort, it
is proposed to make the following changes:
1.
Add an Identification test B based on the IR method.
2.
Replace the current Assay based on the test for Specific Rotation to an HPLC Assay.
The HPLC procedure is based on analyses performed with the Agilent Zorbax
Carbohydrate brand of L8 column; sucrose elutes at approximately 7.3 min.
3.
Move the test for Specific Rotation from the Assay to Specific Tests, and delete the
calculation of percentage of sucrose based on specific rotation. Change the
specification for specific rotation of the Uninverted solution from “NLT 62.6 ” to
“62.6 –67.0 ”, and change the specification for the specific rotation of the Acidinverted solution from “levorotatory” to “ 24.0 to

17.0 ”.
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4.
Update the Microbial Limit test specification.
5.
Add a Labeling section.
6.
Add a USP Reference Standards section.
Other changes are editorial in nature.
Interested parties are encouraged to comment on the proposal.
(EXC: H. Wang.)
Correspondence Number—C67546

Comment deadline: January 31, 2013
Compressible Sugar
DEFINITION
Change to read:
Compressible Sugar, previously dried at 105 for 4 h,
NF32

contains NLT 95.0% and NMT 98.0% of sucrose (C12 H22 O11 )
on the dried basis. NF32
It may contain starch, maltodextrin, or invert sugar and may contain a suitable lubricant.
IDENTIFICATION
Change to read:
• A. The specific rotation of the Uninverted solution obtained in the Assay is NLT 62.6 , and
the Acid-inverted solution obtained in the Assay is levorotatory.
It meets the requirements of the test for Specific Rotation in Specific Tests. NF32
Add the following:
• B. Infrared Absorption

197K

NF32

ASSAY
Delete the following:
• Procedure
Sample solution: Transfer 26.0 g of Compressible Sugar, previously dried, to a 100-mL
volumetric flask. Add 0.3 mL of a saturated aqueous solution of lead acetate, shake with
90 mL of water, and dilute with water to volume. Distribute evenly on the surface of a
sheet of medium-fast filter paper 8 g of chromatographic siliceous earth suitable for
column partition chromatography (see Reagents, Indicators, and Solutions—Reagents),
and filter the solution, with the aid of vacuum, discarding the first 20 mL of the filtrate.
Instrumental conditions
(See Optical Rotation 781 .)
Mode: Specific rotation
Temperature: 20
Analysis
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Uninverted solution: Pipet 25 mL of the Sample solution into a 50-mL volumetric flask.
Cool to 20 , and dilute with water to volume at 20 . Maintain a temperature of 20 for
30 min.
Acid-inverted solution: Pipet 25 mL of the Sample solution into a 50-mL volumetric flask.
Slowly add 6 mL of dilute hydrochloric acid (1 in 2) while rotating it, dilute with water
nearly to volume, and mix. Place the flask in a water bath maintained at a temperature
of 60 , continuously shake the flask in the bath for 3 min, and allow the flask to remain
in the bath for a total of 10 min. Immediately cool to 20 by plunging the flask into a
cold bath, and dilute with water to volume at 20 . Maintain the flask at a temperature
of 20 for 30 min.
Determine the specific rotation of the Uninverted solution and Acid-inverted solution at
20 .
Calculate the percentage of sucrose (C12 H22 O11 ) in the portion of Compressible Sugar
taken:
Result = [(

o

i)/88.3]

× 100

o= specific

rotation of the Uninverted solution
rotation of the Acid-inverted solution
Acceptance criteria: 95.0%–98.0% on the dried basis
i = specific

NF32

Add the following:
• Content of Sucrose
Mobile phase: Acetonitrile and water (80:20, v/v)
System suitability solution: Prepare an aqueous solution containing 20 mg/mL of sucrose,
1.0 mg/mL of dextrose (glucose), 0.6 mg/mL of fructose, 0.6 mg/mL of maltose, and 0.8
mg/mL of lactose using USP Sucrose RS, USP Dextrose RS, USP Fructose RS, USP Maltose
Monohydrate RS, and USP Anhydrous Lactose RS.
Standard solution: Dissolve USP Sucrose RS in water to obtain a solution having a
concentration of about 20 mg/mL of sucrose.
Sample solution: 20 mg/mL of Compressible Sugar in water. Pass the solution through a
0.2-µm nylon syringe filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 15-cm; 5-µm packing L8
Temperatures
Column: 45
Detector: 40
Flow rate: 2.0 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—For relative retention times, see Table 1.]
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Table 1
Relative
Retention
Name
Time
Fructose
0.5
Dextrose (glucose)
0.6
Sucrose
1.0
Maltose
1.3
Lactose
1.5
Suitability requirements
Resolution: NLT 1.3 between all adjacent peaks, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate, on the dried basis, the percentage of sucrose (C12 H22 O11 ) in the portion of
Compressible Sugar taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Sucrose RS in the Standard solution (mg/mL)
C=
U concentration of Compressible Sugar in the Sample solution (mg/mL)
Acceptance criteria: 95.0%–98.0% on the dried basis NF32
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Chloride and Sulfate, Chloride 221
Standard solution: 0.40 mL of 0.020 N hydrochloric acid
Sample solution: Transfer 20 g to a 100-mL volumetric flask, add 80 mL of water, shake
to dissolve the sucrose, and then add water to volume. Separate the solubilized sucrose
from any insoluble matter by filtration until the filtrate is sparkling
NF32

clear, and use the freshly prepared, clear filtrate.
Acceptance criteria: 0.014%; a 10-mL portion of the Sample solution shows no more
chloride than the Standard solution.
• Chloride and Sulfate, Sulfate 221
Standard solution: 0.50 mL of 0.020 N sulfuric acid
Sample solution: 25 mL of the Sample solution from the test for Chloride and Sulfate,
Chloride 221
Acceptance criteria: 0.010%; the Sample solution shows no more sulfate than the
Standard solution.
Change to read:
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•
Limit of Calcium:
Proceed as directed in Identification Tests—General, Calcium 191 . NF32
Sample solution: 5 mL of the Sample solution from the test for Chloride and Sulfate, Chloride
221
Analysis: To the Sample solution add 1 mL of ammonium oxalate TS.
Acceptance criteria: The solution remains clear for NLT 1 min.
• Heavy Metals 231
Sample solution: 20 mL of the Sample solution from the test for Chloride and Sulfate,
Chloride 221
Analysis: To the Sample solution add 4 mL of water and 1 mL of 0.1 N hydrochloric acid.
Acceptance criteria: NMT 5 µg/g
Add the following:
• Limit of Dextrose (Glucose), Fructose, Maltose, and Lactose
Mobile phase, System suitability solution, Sample solution, and Chromatographic
system: Proceed as directed in the test for Content of Sucrose in the Assay.
System suitability
Sample: System suitability solution
[Note—The relative retention times for fructose, dextrose (glucose), sucrose, maltose,
and lactose are 0.5, 0.6, 1.0, 1.3, and 1.5, respectively.]
Suitability requirements
Resolution: NLT 1.3 between all adjacent peaks
Acceptance criteria: The sum of the peak areas for dextrose, fructose, maltose, and
lactose from the Sample solution is less than one third of the sum of the peak areas for
dextrose, fructose, maltose, and lactose from the System suitability solution,
corresponding to NMT 5% for the sum of dextrose, fructose, maltose, and lactose. NF32
SPECIFIC TESTS
Add the following:
• Specific Rotation
Sample solution: Transfer 26.0 g of Compressible Sugar, previously dried, to a 100-mL
volumetric flask. Add 0.3 mL of a saturated aqueous solution of lead acetate, shake with
90 mL of water, and dilute with water to volume. Distribute evenly on the surface of a
sheet of medium-fast filter paper 8 g of chromatographic siliceous earth suitable for
column partition chromatography (see Reagents, Indicators, and Solutions—Reagents),
and filter the solution, with the aid of vacuum, discarding the first 20 mL of the filtrate.
Instrumental conditions
(See Optical Rotation 781 .)
Mode: Specific rotation
Temperature: 20
Analysis
Uninverted solution: Pipet 25 mL of the Sample solution into a 50-mL volumetric flask.
Cool to 20 , and dilute with water to volume at 20 . Maintain a temperature of 20 for
30 min.

PF 38(6): Nov.-Dec. 2012

331

Acid-inverted solution: Pipet 25 mL of the Sample solution into a 50-mL volumetric
flask. Slowly add 6 mL of dilute hydrochloric acid (1 in 2) while rotating it, dilute with
water nearly to volume, and mix. Place the flask in a water bath maintained at a
temperature of 60 , continuously shake the flask in the bath for 3 min, and allow the
flask to remain in the bath for a total of 10 min. Immediately cool to 20 by plunging the
flask into a cold bath, and dilute with water to volume at 20 . Maintain the flask at a
temperature of 20 for 30 min.
Determine the specific rotation of the Uninverted solution and Acid-inverted solution at
20 .
Acceptance criteria
The specific rotation determined from the Uninverted solution: 62.6 –67.0
The specific rotation determined from the Acid-inverted solution:

24.0 to

17.0

NF32

Change to read:
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 :
The total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds
and yeasts count does not exceed 102 cfu/g. NF32
It meets the requirements of the tests for the absence of Salmonella species and Escherichia
coli.
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Add the following:
• Labeling: Label it to indicate the name and amount of any added lubricant.

NF32

Add the following:
• USP Reference Standards 11
USP Anhydrous Lactose RS
USP Compressible Sugar RS
USP Dextrose RS
USP Fructose RS
USP Maltose Monohydrate RS
USP Sucrose RS
NF32

BRIEFING
Confectioner's Sugar, NF 30 page 2000. As part of the USP monograph modernization effort,
it is proposed to make the following changes:
1.
Add an Identification test B based on the test for Specific Rotation.
2.
Add an HPLC test for Content of Sucrose in the Assay. The HPLC procedure is based on
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analyses performed with the Agilent Zorbax Carbohydrate brand of L8 column;
sucrose elutes at approximately 7.3 min.
3.
Update the Microbial Limit test specification.
4.
Add a USP Reference Standards section.
Other changes are editorial in nature.
Interested parties are encouraged to comment on the proposal.
(EXC: H. Wang.)
Correspondence Number—C67547

Comment deadline: January 31, 2013
Confectioner's Sugar
DEFINITION
Confectioner's Sugar is Sucrose ground together with corn starch to a fine powder. It contains
NLT 95.0% of sucrose (C12 H22 O11 ), calculated on the dried basis.
IDENTIFICATION
Change to read:
• A.
Sample solution: Transfer 20 g to a 100-mL volumetric flask, add 80 mL of water, shake
to dissolve the sucrose, and then add water to volume. Separate the solubilized sucrose
from the insoluble starch component by filtration until the filtrate is sparkling
NF32

clear. Use the insoluble portion for the Identification test, and use the freshly prepared,
clear filtrate in the Impurities tests for Chloride and Sulfate, Chloride
and Sulfate, Sulfate

221

and Chloride

221 , and for Calcium; and in Specific Tests for Optical Rotation,

Specific Rotation 781 .
Analysis: To the water slurry of the insoluble portion add iodine TS.
Acceptance criteria: A reddish-violet to deep blue color is produced.
Add the following:
• B. It meets the requirements of the test for Specific Rotation in Specific Tests.

NF32

ASSAY
Add the following:
• Content of Sucrose
Mobile phase: Acetonitrile and water (80:20, v/v)
System suitability solution: Prepare an aqueous solution containing 20 mg/mL of sucrose,
1.0 mg/mL of dextrose (glucose), 0.6 mg/mL of fructose, 0.6 mg/mL of maltose, and 0.8
mg/mL of lactose using USP Sucrose RS, USP Dextrose RS, USP Fructose RS, USP Maltose
Monohydrate RS, and USP Anhydrous Lactose RS.
Standard solution: Dissolve USP Sucrose RS in water to obtain a solution having a
concentration of about 20 mg/mL of sucrose.
Sample solution: 20 mg/mL of Confectioner's Sugar in water. Pass the solution through a
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0.2-µm nylon syringe filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 15-cm; 5-µm packing L8
Temperatures
Column: 45
Detector: 40
Flow rate: 2.0 mL/min
Injection volume: 15 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—For relative retention times, see Table 1.]
Table 1
Relative
Retention
Name
Time
Fructose
0.5
Dextrose (glucose)
0.6
Sucrose
1.0
Maltose
1.3
Lactose
1.5
Suitability requirements
Resolution: NLT 1.3 between all adjacent peaks, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate, on the dried basis, the percentage of sucrose (C12 H22 O11 ) in the portion of
Confectioner's Sugar taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Sucrose RS in the Standard solution (mg/mL)
C=
U concentration of Confectioner's Sugar in the Sample solution (mg/mL)
Acceptance criteria: NLT 95.0% of sucrose on the dried basis NF32
IMPURITIES
• Residue on Ignition 281 : NMT 0.08%
• Chloride and Sulfate, Chloride 221
Standard solution: 0.40 mL of 0.020 N hydrochloric acid
Sample solution: 10 mL of the clear filtrate from Identification test A
Acceptance criteria: 0.014%; the Sample solution shows no more chloride than the
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Standard solution.
• Chloride and Sulfate, Sulfate 221
Standard solution: 0.30 mL of 0.020 N sulfuric acid
Sample solution: 25 mL of the clear filtrate from Identification test A
Acceptance criteria: 0.006%; the Sample solution shows no more sulfate than the
Standard solution.
• Calcium
Sample solution: 5 mL of the clear filtrate from Identification test A
Analysis: To the Sample solution add 5 mL of water and 1 mL of ammonium oxalate TS.
Acceptance criteria: The Sample solution remains clear for NLT 1 min.
• Heavy Metals 231
Sample solution: 20 mL of the clear filtrate from Identification test A
Analysis: To the Sample solution add 4 mL of water and 1 mL of 0.1 N hydrochloric acid.
Acceptance criteria: NMT 5 µg/g
SPECIFIC TESTS
Change to read:
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : It
meets the requirements of the tests for absence of Salmonella species and Escherichia
coli.
The total aerobic microbial count does not exceed 103 cfu/g, and the total combined molds
and yeasts count does not exceed 102 cfu/g. It meets the requirements of the tests for
absence of Salmonella species and Escherichia coli. NF32
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 1.0%
• Optical Rotation, Specific Rotation 781
Sample solution: Use the clear filtrate from Identification test A.
Acceptance criteria: NLT +62.6 corresponding to NLT 95.0% of sucrose (C12 H22 O11 ),
calculated on the dried basis
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Add the following:
• USP Reference Standards 11
USP Anhydrous Lactose RS
USP Dextrose RS
USP Fructose RS
USP Maltose Monohydrate RS
USP Sucrose RS
NF32

BRIEFING
Adenine, USP 35 page 2078. On the basis of comments received and as part of the USP
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monograph modernization efforts, it is proposed to delete the Nitrogen Content test, to
replace the titration Assay with an HPLC Assay, and to replace the photometric Organic
Impurities test with an HPLC test for Related Compounds. It is also proposed to add an
Identification test B, using the adenine retention times from the proposed HPLC Assay. This
procedure is able to separate hypoxanthin, melamine, 4,5-dicyanoimidazole,
diaminomaleonitrile, 4,5,6-triaminopyrimidine, adenine N1-oxide, 7-methyladenine, and an
unidentified impurity present in some lots of commercially available adenine. Therefore, the
proposed procedure is specific for the assay of adenine in the presence of these
substances. The removal of the Nitrogen Content test would eliminate attempts to
adulterate adenine with nitrogen-rich substances such as melamine. The proposed HPLC
procedures in the Assay and in the test for Related Compounds are based on analyses
performed with the Grace Davison, Mixed-Mode C18/WCX and also with the Dionex, Acclaim
Mixed-Mode WCX-1 brands of L## columns. The typical retention times for adenine are
10.7–11.5 min with the Grace Davison column and about 9.7 min with the Dionex column.
(DS: H. Dinh.)
Correspondence Number—C113607

Comment deadline: January 31, 2013
Adenine

C5 H5 N5

135.13

1H-Purin-6-amine;
1,6-Dihydro-6-iminopurine

[73-24-5].

DEFINITION
Adenine contains NLT 98.0% and NMT 102.0% of adenine (C5 H5 N5 ), calculated on the dried
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
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• Procedure
Sample: 200 mg of Adenine
Blank: 80 mL of a mixture of 100 mL of glacial acetic acid and 300 mL of acetic anhydride
Titrimetric System
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS standardized as follows: Transfer 300 mg of potassium
biphthalate to a 150-mL beaker and, by stirring, dissolve in 80 mL of a mixture of 100
mL of glacial acetic acid and 300 mL of acetic anhydride. Titrate with the perchloric
acid solution. Each 20.42 mg of potassium biphthalate is equivalent to 1 mL of 0.1 N
perchloric acid.
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 80 mL of a mixture of 100 mL of glacial acetic acid and
300 mL of acetic anhydride by stirring, and titrate with the Titrant. Calculate the
percentage of adenine (C5 H5 N5 ) in the portion taken:
Result = [(V

B) × N × F × 100]/W

V= Sample titrant volume (mL)
B= Blank titrant volume (mL)
N= titrant normality (mEq/mL)
F= equivalency factor, 135.13 mg/mEq
W= weight of Sample (mg)
Buffer solution: Dissolve 6.90 g of monobasic ammonium phosphate in about 800 mL of
water. Adjust with ammonium hydroxide to a pH of 6.2, and dilute with water to 1 L.
Mobile phase: See Table 1.
Table 1
Time
Buffer Solution Acetonitrile Water
(min)
(%)
(%)
(%)
0
5
5
90
20
5
5
90
20.1
10
10
80
30
10
10
80
30.1
5
5
90
40
5
5
90
System suitability solution: 50 µg/mL each of USP Adenine RS and 7-methyladenine in
water
Standard solution: 0.1 mg/mL of USP Adenine RS in water. If necessary, sonicate the
solution at 30 until the substance is completely dissolved.
Sample solution: 0.1 mg/mL of Adenine in water. If necessary, sonicate the solution at
30 until the substance is completely dissolved.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 25-cm; 5-µm packing L##
Flow rate: 1.0 mL/min
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Injection volume: 10 µL
System suitability
Sample: System suitability solution
[Note—The relative retention times for 7-methyladenine and adenine are 0.88 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between 7-methyladenine and adenine peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of adenine (C5 H5 N5 ) in the portion of Adenine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Adenine RS in the Standard solution (mg/mL)
C=
U concentration of Adenine in the Sample solution (mg/mL)
USP37

Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 µg/g

Delete the following:
• Organic Impurities
• Procedure
pH 7.0 phosphate buffer: Dissolve 4.54 g of monobasic potassium phosphate in water to
make 500 mL of solution. Dissolve 4.73 g of anhydrous dibasic sodium phosphate in water
to make 500 mL of solution. Mix 38.9 mL of the monobasic potassium phosphate solution
with 61.1 mL of the dibasic sodium phosphate solution. Adjust, if necessary, by the
dropwise addition of the dibasic sodium phosphate solution to a pH of 7.0.
Standard stock solution: Dissolve a suitable quantity of USP Adenine RS in hot water,
cool, and dilute quantitatively with water to obtain a solution having a known
concentration of 0.19 mg/mL.
Standard solutions: Pipet 5-mL portions of the Standard stock solution into three 100-mL
volumetric flasks, and dilute with 0.10 N hydrochloric acid, 0.010 N sodium hydroxide, and
pH 7.0 phosphate buffer, respectively, to volume.
Sample stock solution: Dissolve a suitable quantity of Adenine in hot water, cool, and
dilute quantitatively with water to obtain a solution having a known concentration of
0.19 mg/mL.
Sample solutions: Pipet 5-mL portions of the Sample stock solution into three 100-mL
volumetric flasks, and dilute with 0.10 N hydrochloric acid, 0.010 N sodium hydroxide, and
pH 7.0 phosphate buffer, respectively, to volume.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering
Mode: UV-Vis
Wavelegth range: 220–320 nm

851 .)
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Cell: 1 cm
Blank: Water
Analysis
Samples: Standard solutions and Sample solutions
Acceptance criteria: The respective absorptivities, calculated on the dried basis, at the
wavelengths of maximum absorbance, for each pair of corresponding solutions do not
differ by more than 2.0%.
USP37

Add the following:
• Related Compounds
Buffer solution, Mobile phase, System suitability solution, Standard solution, and
System suitability: Proceed as directed in the Assay.
Sample solution: Dissolve 25 mg of Adenine in approximately 15 mL of boiling water. Cool,
quantitatively transfer to a 25-mL volumetric flask, and dilute with water to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L##
Flow rate: 1.0 mL/min
Injection volume: 20 µL
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Adenine taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the peak responses from the Sample solution
Acceptance criteria
Individual impurity: NMT 0.1%
Total impurities: NMT 2.0%
USP37

SPECIFIC TESTS
• Loss on Drying 731 : Dry a sample at 110 for 4 h: it loses NMT 1.0% of its weight.
Delete the following:
• Nitrogen Content, Method II 461 50.2%–53.4%, calculated on the dried basis

USP37

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• USP Reference Standards
USP Adenine RS

11
BRIEFING

Adenosine, USP 35 page 2079 and PF 38(1) [Jan.–Feb. 2012]. It is proposed to modernize the
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monograph with the following changes:
1.
Replace the titration procedure in the Assay with a liquid chromatographic procedure
based on the Related Substances procedure for this drug substance from the 7th
edition of the European Pharmacopoeia. This proposed liquid chromatographic
procedure was validated using ODS Hypersil and Ultra C18 brands of L1 columns
manufactured by Thermo Scientific and Restek Corp., respectively. The typical
retention time for adenosine is 13.3 min.
2.
Revise the Definition to support the proposed Assay procedure.
3.
Add Identification test B based on the proposed Assay procedure.
4.
Revise the test for Organic Impurities to be based on the proposed Assay procedure.
Revise the limits for uridine and guanosine, and add a limit for any individual
unspecified impurity based on the drug substance monograph from the 7th edition of
the European Pharmacopoeia.
5.
Omit the test for Melting Range or Temperature. The proposed Assay and the test for
Organic Impurities provide sufficient information to determine the purity of the
product.
6.
Add USP Adenine RS and USP Adenosine RS to the USP Reference Standards section to
support the proposed Assay and Organic Impurities procedures.
In addition, several editorial changes have been made to be consistent with current USP style.
(SM4: H. Joyce.)
Correspondence Number—C111745

Comment deadline: January 31, 2013
Adenosine
Change to read:

C10 H13 N5 O4
267.24 USP37

267.25

6-Amino-9- -d-ribofuranosyl-9H-purine;
9- -d-Ribofuranosyladenine

[58-61-7].

DEFINITION
Change to read:
Adenosine contains NLT 99.0% and NMT 101.0%
NLT 98.0% and NMT 102.0% USP37
of adenosine (C10 H13 N5 O4 ), calculated on the dried basis.
IDENTIFICATION
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Change to read:
•
A. USP37
Infrared Absorption 197M
Add the following:
• B. The retention times of the major peaks of the Sample solution correspond to those of
the Standard solution, as obtained in the Assay. USP37
ASSAY
Delete the following:
• Procedure
Sample: 200 mg of Adenosine previously dried at 105 for 2 h
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Blank: 50 mL of glacial acetic acid
Analysis: Dissolve in 50 mL of glacial acetic acid and titrate with 0.1 N perchloric acid VS.
Calculate the percentage of Adenosine (C10 H13 N5 O4 ) in the portion taken:
Result = [(V

B) × N × F × 100]/W

V= Sample titrant volume (mL)
B= Blank titrant volume (mL)
N= titrant normality (mEq/mL)
F= equivalency factor: 267.25 mg/mEq
W
= weight of the Sample (mg)
Acceptance criteria: 99.0%–101.0% on the dried basis

USP37

Add the following:
• Procedure
Buffer: 6.8 g/L of potassium hydrogen sulfate and 3.4 g/L of tetrabutylammonium hydrogen
sulfate in a solution prepared as follows. Transfer suitable quantities of potassium
hydrogen sulfate and tetrabutyl ammonium hydrogen sulfate to an appropriate volumetric
flask, and dissolve in 90% of the flask volume of water. Adjust with 2 N potassium
hydroxide to a pH of 6.5, and dilute with water to volume.
Mobile phase: Buffer and water (60:40)
System suitability solution: 4 µg/mL each of USP Adenine RS and inosine in Mobile phase
Standard solution: 0.2 mg/mL of USP Adenosine RS in Mobile phase
Sample solution: 0.2 mg/mL of Adenosine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
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Flow rate: 1.5 mL/min
Injection volume: 20 µL
Run time: NLT 1.5 times the retention time of the adenosine peak
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between adenine and inosine, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.7%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of adenosine (C10 H13 N5 O4 ) in the portion of Adenosine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Adenosine RS in the Standard solution (mg/mL)
C=
U concentration of Adenosine in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis USP37
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Delete the following:
• Limit of Ammonia
Sample solution: Suspend 0.5 g in 10 mL of water. Stir for 30 s, and pass through a
coarse filter. Dilute the filtrate with water to 15 mL, and use the filtrate.
Standard solution: 0.4 µg/mL of ammonium chloride in water
Analysis: To the Sample solution and the Standard solution add 0.3 mL of alkaline
mercuric–potassium iodide TS, cap the test tubes, and allow to stand for 5 min.
Acceptance criteria: The Sample solution does not exhibit a more intense yellow color than
that of the Standard solution (NMT 4 ppm of ammonia). USP36
Delete the following:
• Limit of Chloride
Sample solution: Suspend 0.2 g in 10 mL of water. Stir for 30 s, pass through a coarse
filter, and use the filtrate.
Standard solution: 2.3 µg/mL of sodium chloride in water
Analysis: To the Sample solution and 10 mL of the Standard solution add 1 mL of nitric acid
and 1 mL of silver nitrate TS, and dilute each solution with water to 40 mL. Allow the
solutions to stand for 5 min, protected from light.
Acceptance criteria: When viewed against a dark background, the Sample solution is not
more turbid than the Standard solution (NMT 0.007% chloride). USP36
Delete the following:
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• Limit of Sulfate
Sample solution: Suspend 0.75 g in 15 mL of water. Stir for 30 s, pass through a coarse
filter, and use the filtrate.
Standard solution: Add 0.15 mL of 0.020 N sulfuric acid to 15 mL of water.
Analysis: To the Sample solution and the Standard solution add 2 mL of barium chloride TS
and 1 mL of 3 N hydrochloric acid, dilute each solution with water to 30 mL, and mix. Allow
the solutions to stand for 5 min.
Acceptance criteria: The Sample solution is not more turbid than the Standard solution
(NMT 0.02% sulfate). USP36
Delete the following:
• Organic Impurities
Solution A: 6.8 g/L of potassium hydrogen sulfate and 3.4 g/L of tetrabutylammonium
hydrogen sulfate in water. Adjust with 2 N potassium hydroxide to a pH of 6.5.
Solution B: 0.1 g/L of sodium azide solution
Mobile phase: Solution A and Solution B (60:40)
System suitability solution: 0.2 mg/mL each of Adenosine and inosine in Mobile phase
Sample solution: 1.0 mg/mL of Adenosine in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 9.0 between adenosine and inosine
Tailing factor: NMT 2.5
Relative standard deviation: NMT 2.0%
[Note—Chromatograph the Sample solution, and adjust the run time to at least twice
the retention time of the major peak. ]
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Adenosine taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of all the responses for all peaks from the Sample solution
Acceptance criteria
Individual impurities: NMT 0.1% each of guanosine, inosine, and uridine, and NMT 0.2%
of adenine
Total impurities: NMT 0.5%
USP37

Add the following:
• Organic Impurities
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Buffer, Mobile phase, System suitability solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: 0.001 mg/mL of USP Adenosine RS in Mobile phase
Sample solution: 1 mg/mL of Adenosine in Mobile phase
System suitability
Samples: System suitability solution and Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 1.5 between adenine and inosine, System suitability solution
Relative standard deviation: NMT 5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Adenosine taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Adenosine RS in the Standard solution (mg/mL)
C=
U concentration of Adenosine in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1. Disregard peaks that are less than 0.05% of the
adenosine peak.
Table 1
Relative
Retention
Name
Time
a
Uridine
0.29
Adenine
0.34
Inosineb
0.42
Guanosinec
0.51
Adenosine
1.0
Any individual unspecified impurity
—
Total impurities
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.10
0.73
1.6
0.2
0.1
0.73
0.10
0.86
—
—
1.0
0.10
—
0.5

a 1- -d-Ribofuranosylpyrimidine-2,4(1H,3H)-dione.
b 9- -d-Ribofuranosylpurine-6(1H)-one.
c 2-Amino-9- -d-ribofuranosylpurine-6(1H)-one.
USP37

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 233 –238

USP37

• Optical Rotation, Specific Rotation 781S : 68 to 72
Test solution: 20 mg/mL in sodium hydroxide solution (1 in 20), determined on a sample
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previously dried at 105 for 2 h
Delete the following:
• Acidity or Alkalinity: Suspend 1 g in 20 mL of carbon dioxide-free water. Stir for 30 s, and
pass through a coarse filter. To each of two 10-mL portions of the filtrate add 0.1 mL of
bromocresol purple TS.
Acceptance criteria: NMT 0.3 mL of 0.01 N sodium hydroxide is required to produce a blueviolet color in one portion. NMT 0.1 mL of 0.01 N hydrochloric acid is required to produce a
yellow color in the other portion. USP36
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
Change to read:
• USP Reference Standards
USP Adenine RS
USP Adenosine RS

11
USP37

BRIEFING
Alfuzosin Hydrochloride, USP 35 page 2097. As part of the USP monograph modernization
effort, it is proposed to revise the monograph as follows:
1.
Replace the nonspecific titrimetric procedure in the Assay with a stability-indicating
HPLC procedure. The HPLC procedure proposed for the Assay was validated with the
YMC-Pack ODS-A brand of L1 column. Using this column, the typical retention time
for alfuzosin is about 5.2 min.
2.
In the Definition, revise the acceptance criteria from NLT 99.0% and NMT 101.0% to
NLT 98.0% and NMT 102.0%, which is typical for chromatographic procedures, and
exclude the solvent content in the Assay calculation.
3.
Introduce a third Identification test based on HPLC retention time match.
4.
The names of Impurity D and Impurity A are changed to deacylated alfuzosin and
furamide analog, respectively, to be in agreement with current USP nomenclature.
(SM4: M. Koleck, D. Vicchio.)
Correspondence Number—C111966

Comment deadline: January 31, 2013
Alfuzosin Hydrochloride

C19 H27 N5 O4 ·HCl

425.91

2-Furancarboxamide, N-[3-[(4-amino-6,7-dimethoxy-2-
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quinazolinyl)methylamino]propyl]tetrahydro-, monohydrochloride (±);
(±)-N-[3-[(4-Amino-6,7-dimethoxy-2-quinazolinyl)methylamino]propyl]tetrahydro-2-furamide
monohydrochloride
[81403-68-1].
DEFINITION
Change to read:
Alfuzosin Hydrochloride contains NLT 99.0%
98.0% USP37
and NMT 101.0%
102.0% USP37
of alfuzosin hydrochloride (C19 H27 N5 O4 ·HCl), calculated on the anhydrous
and solvent-free USP37
basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride

191 : Meets the requirements

Add the following:
• C. The retention time of the Sample solution corresponds to that of the Standard solution,
as obtained in the Assay. USP37
ASSAY
Change to read:
• Procedure
Sample: 300 mg
Diluent: Glacial acetic acid and acetic anhydride (1:1)
Titrimetric system
(See Titrimetry

541 .)

Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 80 mL of Diluent. Perform a blank determination, and
make any necessary correction. Each mL of 0.1 N perchloric acid VS is equivalent to
42.59 mg of alfuzosin hydrochloride (C19 H27 N5 O4 ·HCl).
Acceptance criteria: 99.0%–101.0% on the anhydrous basis
[
Note—Use low-actinic glassware.]
Solution A: 2 M sodium hydroxide
Solution B: 5.0 mL of perchloric acid in 900 mL of water. Adjust with Solution A to a pH of
3.5, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Solution B (30:70)
Diluent: Methanol and Solution A (500:3)
Standard stock solution: 0.5 mg/mL of USP Alfuzosin Hydrochloride RS in Diluent

PF 38(6): Nov.-Dec. 2012

346

Standard solution: 0.04 mg/mL of USP Alfuzosin Hydrochloride RS in Mobile phase from
the Standard stock solution; the solution is stable for 14 h at 5 .
Sample stock solution: 0.5 mg/mL of Alfuzosin Hydrochloride in Diluent
Sample solution: 0.04 mg/mL of Alfuzosin Hydrochloride in Mobile phase from the Sample
stock solution; the solution is stable for 14 h at 5 .
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Autosampler temperature: 5
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 1.0%
Tailing factor: NMT 1.5
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of alfuzosin hydrochloride (C19 H27 N5 O4 ·HCl) in the portion of
Alfuzosin Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Alfuzosin Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of Alfuzosin Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis USP37
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Buffer: Dilute 5 mL of perchloric acid in 900 mL of water. Adjust with 2 M sodium hydroxide
to a pH of 3.5, and dilute with water to 1 L.
Mobile phase: Acetonitrile, tetrahydrofuran, and Buffer (20:1:80)
System suitability solution: 0.4 mg/mL of USP Alfuzosin System Suitability Mixture RS in
Mobile phase
Sample solution: 0.40 mg/mL of Alfuzosin Hydrochloride in Mobile phase
Reference solution: 0.40 µg/mL of Alfuzosin Hydrochloride in Mobile phase from the
Sample solution
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Peak-to-valley ratio: The ratio of the height of the impurity A
furamide analog USP37
peak to the height of the valley between the impurity A
furamide analog USP37
peak and alfuzosin is NLT 5.
Analysis
Samples: Sample solution and Reference solution
Calculate the percentage of each impurity in the portion of Alfuzosin Hydrochloride taken:
Result = (rU/rS) × (1/D) × 100
r=
U peak response of each impurity from the Sample solution
r=
S peak response of alfuzosin from the Reference solution
D= dilution factor between the Sample solution and the Reference solution, 1000
Acceptance criteria: See Table 1. [Note—Disregard any peak with an area less than
0.05%.]
Table 1

Name
Impurity D
Deacylated alfuzosin

b

Acceptance
Criteria,
NMT (%)

USP37

0.5
1.0

a

Alfuzosin
Impurity A
Furamide analog

Relative
Retention
Time

0.20
—
—c

USP37

1.2
—
—

Any other individual, unidentified impurity
0.10
Total impurities
0.30
a N-(4-Amino-6,7-dimethoxyquinazolin-2-yl)-N-methylpropane-1,3-diamine
N2-(3-Aminopropyl)-6,7-dimethoxy-N2-methylquinazoline-2,4-diamine. USP37
b N-{3-[(4-Amino-6,7-dimethoxyquinazolin-2-yl)(methyl)amino]propyl}furan-2carboxamide.
c Impurity A
Furamide analog, USP37
a component of USP Alfuzosin System Suitability Mixture RS, is not a specified impurity.
SPECIFIC TESTS
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• Optical Rotation 781
Sample solution: 20 mg/mL in carbon dioxide-free water
Acceptance criteria:

0.10 to +0.10

Change to read:
• Water Determination, Method I
NMT 2.0% (RB 1-May-2012)

921 :

• pH 791
Sample solution: 20 mg/mL in carbon dioxide-free water
Acceptance criteria: 4.0–5.5
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Protect from light and humidity, and
store at room temperature.
Change to read:
• USP Reference Standards 11
USP Alfuzosin Hydrochloride RS
USP Alfuzosin System Suitability Mixture RS
Alfuzosin Hydrochloride containing approximately 0.4% Impurity A
furamide analog USP37
(N-{3-[(4-amino-6,7-dimethoxyquinazolin-2-yl)(methyl)amino]propyl}furan-2-carboxamide),
and about 0.4% Impurity D (N-(4-amino-6,7-dimethoxyquinazolin-2-yl)-Nmethylpropane-1,3-diamine)
deacylated alfuzosin (N2-(3-aminopropyl)-6,7-dimethoxy-N2-methylquinazoline-2,4diamine). USP37
BRIEFING
Aloe, USP 35 page 2102. On the basis of comments received, it is proposed to add an HPLC
Assay for the content of aloin and a Thin-Layer Chromatography Identification test, and to
delete Identification tests A, C, and D. Limits for the content of aloin are also introduced.
The liquid chromatographic procedure in the Assay is based on analyses performed with the
Purospher RP-18E brand of L1 column, with end-capped 5-µm packing. The typical retention
time is about 5.7 min. The test for Water Determination is replaced by the test for Loss on
Drying. Editorial changes were also made.
(DS2010: M. Sharaf.)
Correspondence Number—C94378

Comment deadline: January 31, 2013
Aloe
DEFINITION
Change to read:
Aloe is the dried latex of the leaves of Aloe barbadensis Mill. (Aloe vera L.), known in commerce
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as Curaçao Aloe, or of Aloe ferox Mill. and hybrids of this species with Aloe africana Mill. and
Aloe spicata Baker, known in commerce as Cape Aloe (Fam. Liliaceae). Aloe yields NLT 50.0% of
water-soluble extractive.
Aloe is the dried latex of the leaves of Aloe vera (L.) Burm. f. (syn. Aloe barbadensis Mill.),
known in commerce as aloe vera, Curaçao aloe, or Barbados aloe; or of Aloe ferox Mill., or of
hybrids of Aloe ferox Mill. with Aloe africana Mill. and Aloe spicata L.f., known in commerce as
cape aloe (Fam. Liliaceae). Aloe vera contains NLT 16.0% of aloin, and cape aloe and its
hybrids contains NLT 6.0% of aloin, both calculated on the dried basis. USP37
IDENTIFICATION
Delete the following:
• A. Powdered Aloe dissolves in nitric acid with effervescence, forming a reddish-brown to
brown or green solution. USP37
Change to read:
• B
A. USP37
Sample: 1 g finely powdered
Analysis: Mix the Sample with 25 mL of cold water. Shake the mixture occasionally during
2 h, filter, and wash the filter and residue with sufficient cold water to make the filtrate
measure 100 mL.
Acceptance criteria: The color of the filtrate, viewed in the bulb of a 100-mL volumetric
flask, is dark orange with curaçao aloe and greenish yellow with cape aloe. The filtrate
darkens on standing. [Note—Reserve the filtrate for Identification tests C and D
test B. USP37
]
Add the following:
• B.
Sample: 5 mL of the filtrate obtained in Identification test A
Analysis: Add 2 mL of nitric acid to the Sample, and mix.
Acceptance criteria: The mixture exhibits a reddish-orange color with aloe vera and a
reddish-brown color that changes rapidly to green with cape aloe. USP37
Delete the following:
• C. Procedure
Sample: 5 mL of the filtrate obtained in Identification test B
Analysis: Add 2 mL of nitric acid to the Sample.
Acceptance criteria: The mixture exhibits a reddish-orange color with Curaçao Aloe, and a
reddish-brown color that changes rapidly to green with Cape Aloe. USP37
Delete the following:
• D. Procedure
Sample: 10 mL of the filtrate obtained in Identification test B
Analysis: Mix the Sample with 2 mL of ammonium hydroxide.
Acceptance criteria: The mixture exhibits an amber color with Cape Aloe, and a dark amber
color with Curaçao Aloe. USP37
Add the following:
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• C. Thin-Layer Chromatography
Standard solution: 1.0 mg/mL of USP Aloin RS in methanol
Sample solution: 0.5 g of finely powdered Aloe in 10 mL of methanol, sonicate for 15 min,
centrifuge or filter, and use the supernatant or the filtrate.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: Chromatographic silica gel mixture with an average particle size of 5 µm
(HPTLC plates)
Application volume: 2 µL of the Standard solution and 5 µL of the Sample solution as 8mm bands
Relative humidity: Condition the plate to a relative humidity of about 33% using a
suitable device.
Developing solvent system: Ethyl acetate, methanol, and water (100:17:13)
Developing distance: 6 cm
Derivatization reagent: 10% solution of potassium hydroxide in methanol (prepare in an
ice bath)
Analysis
Samples: Standard solution and Sample solution
Apply the samples as bands to a suitable high performance thin-layer chromatographic
plate. Use a saturated chamber. Develop the chromatograms, dry in air, derivatize with
Derivatization reagent, and heat at 110 for 5 min. Examine under visible light and UV light
at 365 nm.
Acceptance criteria: Under visible light, the Sample solution chromatogram exhibits a
brown band due to aloin at about the middle of the chromatogram, corresponding in color
and RF to the band exhibited by the Standard solution. Sample solution containing aloe
vera exhibits an additional violet band due to 7-hydroxyaloin right below the aloin band.
Sample solution containing cape aloe lacks the violet band due to 7-hydroxyaloin. Under
UV light at 365 nm, the Sample solution chromatogram exhibits a yellow fluorescence band
due to aloin, corresponding in color and RF to the band exhibited by the Standard solution,
and a light blue fluorescence band due to aloesine at about one third of the
chromatogram. USP37
ASSAY
Add the following:
• Content of Aloin
Mobile phase: A mixture of acetonitrile and water (3:7)
Standard solution: 0.1 mg/mL of USP Aloin RS in methanol and water (1:1)
Sample solution: Transfer about 0.1 g of aloe vera or 0.2 g of cape aloe, finely powdered
and accurately weighed, to a 100-mL volumetric flask, and add about 75 mL of methanol.
Sonicate for 30 min, cool to room temperature, adjust to volume using methanol, and mix.
Before injection, pass through a PTFE membrane filter of 0.45-µm pore size, discarding the
first few mL of the filtrate.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 295 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; end-capped 5-µm, packing L1
Column temperature: 43 ± 1
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the aloin peak
Column efficiency: NLT 2000 theoretical plates for the aloin peak
Relative standard deviation: NMT 2.0% determined from the aloin peak in repeated
injections
Analysis
Samples: Standard solution and Sample solution
[Note—Standard solution and Sample solution are stable for 8 h at room temperature.]
Using the chromatogram of Standard solution, identify the retention time of the peak
corresponding to aloin in the Sample solution.
Calculate the percentage of aloin in the portion of Aloe taken:
Result = (rU/rS) × CS × (V/W) × 100
rU= peak area for aloin from the Sample solution
rS= peak area for aloin from the Standard solution
C=
S concentration of USP Aloin RS in the Standard solution (mg/mL)
V= final volume of the Sample solution (mL)
W= weight of Aloe taken to prepare the Sample solution (mg)
Acceptance criteria: Aloe vera contains NLT 16.0% of aloin, and cape aloe and its hybrids
contain NLT 6.0% of aloin, both calculated on the dried basis. USP37
• Water-Soluble Extractive
Sample: 2 g of powdered Aloe
Analysis: Macerate the Sample in 70 mL of water in a suitable flask. Shake the mixture
during 8 h at 30-min intervals, and allow it to stand for 16 h without shaking. Filter, and
wash the flask and residue with small portions of water, passing the washings through the
filter until the filtrate measures 100.0 mL. Evaporate a 50-mL aliquot of the filtrate in a
tared dish on a steam bath to dryness, and dry at 110 to constant weight.
Acceptance criteria: The weight of water-soluble extractive so obtained is NLT 50% of
the weight of Aloe taken.
SPECIFIC TESTS
Delete the following:
• Water Determination, Method III 921
Sample: Use a powdered sample. If the Aloe is not powdered, crush it in a mortar until it
passes through a no. 40 sieve, and mix the ground material before weighing the sample.
Analysis: Dry at 105 for 5 h
Acceptance criteria: NMT 12.0%
Add the following:

USP37
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• Loss on Drying 731
Sample: Use a powdered sample. If the Aloe is not powdered, crush it in a mortar until it
passes through a no. 40 sieve, and mix the ground material before weighing the sample.
Analysis: Dry at 105 for 5 h.
Acceptance criteria: NMT 12.0%

USP37

• Articles of Botanical Origin, Total Ash 561
Acceptance criteria: NMT 4.0%
• Alcohol-Insoluble Substances
Sample: 1 g of powdered Aloe
Analysis: Add the Sample to 50 mL of alcohol in a flask. Heat the mixture to boiling, and
maintain at incipient boiling for 15 min, replacing any loss due to evaporation. Remove
from the heat, and shake the mixture at intervals during 1 h. Pass through a small dried
and tared filter paper or a dried and tared filtering crucible, and wash the residue on the
filter with alcohol until the last washing is colorless. Dry the residue at 105 to constant
weight.
Acceptance criteria: The weight of the residue is NMT 10.0% of the weight of Aloe taken.
• Botanic Characteristics
Curaçao aloe: Brownish black, opaque masses. Its fractured surface is uneven, waxy, and
somewhat resinous.
Cape aloe: Dusky to dark brown irregular masses, the surfaces of which are often covered
with a yellowish powder. Its fracture is smooth and glassy.
Powdered aloe: Yellow, yellowish brown to olive-brown in color. When mounted in a bland
expressed oil, it appears as greenish-yellow to reddish-brown angular or irregular
fragments, the hues of which depend to some extent upon the thickness of the
fragments.
When mounted in Olive Oil, it appears as greenish-yellow to reddish-brown irregular
fragments, the hues of which depend to some extent upon the thickness of the
fragments. USP37
Add the following:
• USP Reference Standards
USP Aloin RS

11

USP37

BRIEFING
Anastrozole, USP 35 page 2217. On the basis of comments received, it is proposed to make
the following changes:
1.
In the Assay the system suitability requirement for the relative standard deviation is
tightened from NMT 1.5% to NMT 0.73% to comply with the repeatability
requirements under 621 Chromatography.
2.
In the test for Organic Impurities anastrozole related compound A is deleted from Table
2 because it is not a specified impurity. Therefore the Peak identification stock
solution and Peak identification solution are deleted. The USP Anastrozole Related
Compound A RS in USP Reference Standards 11 is also deleted.
3.
In the test for Organic Impurities, the Standard solution is revised for clarification.
4.
In the test for Organic Impurities, the impurity nicknames in Table 2 are used to be
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consistent with the USP format. The requirement for Total unspecified impurities is
deleted to be consistent with ICH guidelines.
5.
In the test for Organic Impurities, the definition for rS is corrected.
(SM3: F. Mao.)
Correspondence Number—C119124

Comment deadline: January 31, 2013
Anastrozole

C17 H19 N5

293.37

1,3-Benzenediacetonitrile, , , ¢, ¢-tetramethyl-5-(1H-1,2,4-triazol-1-ylmethyl)-;
, , ¢, ¢-Tetramethyl-5-(1H-1,2,4-triazol-1-ylmethyl)-m-benzenediacetonitrile
[12051173-1].
DEFINITION
Anastrozole contains NLT 98.0% and NMT 102.0% of anastrozole (C17 H19 N5 ), calculated on the
anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: Acetonitrile, methanol, trifluoroacetic acid, and water (100: 300: 0.5: 600)
Solution B: Acetonitrile, methanol, trifluoroacetic acid, and water (150: 450: 0.5: 400)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
10
100
0
40
0
100
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41
100
0
56
100
0
[Note—These gradient elution times are established on an HPLC system with a dwell time of
approximately 0 min. The gradient elution times in the table can be adjusted by
subtracting the dwell time to achieve the separation described.]
Standard solution: 0.5 mg/mL of USP Anastrozole RS prepared as follows. Transfer USP
Anastrozole RS into a suitable volumetric flask. Dissolve in acetonitrile, using 40% of the
final volume, and then dilute with Solution A to volume.
Sample solution: 0.5 mg/mL of Anastrozole prepared as follows. Transfer 25 mg of
Anastrozole to a 50-mL volumetric flask, add 20 mL of acetonitrile to dissolve. Dilute with
Solution A to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 3.2-mm × 10-cm; 5-µm packing L42
Flow rate: 0.75 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: Between 0.9 and 1.4
Relative standard deviation: NMT 1.5%
0.73% USP37
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of anastrozole (C17 H19 N5 ) in the portion of Anastrozole taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of anastrozole from the Sample solution
rS= peak area of anastrozole from the Standard solution
C=
S concentration of USP Anastrozole RS in the Standard solution (mg/mL)
C=
U concentration of Anastrozole in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities
Solution A, Solution B, and Chromatographic system: Proceed as directed in the Assay.
Peak identification stock solution: 0.5 mg/mL each of USP Anastrozole RS and USP
Anastrozole Related Compound A RS prepared as follows. Dissolve first in acetonitrile,
using 40% of the final volume, and dilute with Solution A to volume.
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Peak identification solution: 10 µg/mL each of USP Anastrozole RS and USP Anastrozole
Related Compound A RS in Solution A, from Peak identification stock solution
Standard solution: 0.02 mg/mL of USP Anastrozole RS prepared as follows. First dissolve
in acetonitrile, and dilute with Solution A to volume
Standard stock solution: 0.2 mg/mL of USP Anastrozole RS prepared as follows.
Dissolve in acetonitrile, using 40% of the final volume, and then dilute with Solution A to
volume.
Standard solution: 0.02 mg/mL of USP Anastrozole RS in Solution A from the Standard
stock solution USP37
Sample solution: 2 mg/mL of Anastrozole prepared as follows. Transfer 50 mg of
Anastrozole to a 25-mL volumetric flask. Add 10 mL of acetonitrile. Dissolve in and dilute
with Solution A to volume.
Blank solution: Transfer 10 mL of acetonitrile into a 25-mL volumetric flask, and dilute with
Solution A to volume.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: Between 0.9 and 1.4
Relative standard deviation: NMT 5%
Analysis
Samples: Peak identification solution,
USP37

Standard solution, Sample solution, and Blank solution. [Note—Adjust the peak areas for
any interference from the Blank solution.]
Calculate the percentage of each individual impurity in the portion of Anastrozole taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area of each individual impurity from the Sample solution
rS= peak area of each individual impurity
anastrozole USP37
from the Standard solution
C=
S concentration of USP Anastrozole RS in the Standard solution (mg/mL)
C=
U concentration of Anastrozole in the Sample solution (mg/mL)
Acceptance criteria: See Table 2. Disregard any impurity of less than 0.05%.
Name

Anastrozole related compound
Anastrozole
Anastrozole related compound
Anastrozole related compound
Anastrozole related compound
Anastrozole related compound
Individual unspecified impurity

Ba
Cb
Ac
Dd
Ee

Table 2
Relative
Retention
Time
0.6
1.0
2.0
4.0
4.3
5.4
—

Acceptance
Criteria,
NMT (%)
0.2
—
0.2
—
0.1
0.1
0.1
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Total unspecified impurities
—
0.2
Total impurities
—
0.5
a 2-(3-(1-Cyanoethyl)-5-(1H-1,2,4-triazol-1-ylmethyl)phenyl)-2-methylpropionitrile
[C16 H17 N5 , 279.34].
b 2,3-Bis(3-(1-cyano-1-methylethyl)-5-(1H-1,2,4-triazol-1-ylmethyl)phenyl)-2methylpropionitrile [C30 H31 N9 , 517.63].
c The relative retention time of anastrozole related compound A has been included for
system suitability purposes only and is not intended for quantification.
d 2,2¢-(5-(Bromomethyl)-1,3-phenylene)bis(2-methylpropionitrile) [C15 H17 BrN2 , 305.21].
e 2,2¢-(5-(Dibromomethyl)-1,3-phenylene)bis(2-methylpropionitrile) [C15 H16 Br2 N2 , 384.11].
Table 2
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Name
Desmethyl anastrozolea
0.6
0.2
Anastrozole
1.0
—
b
Anastrozole dimer
2.0
0.2
c
Anastrozole related compound D
4.3
0.1
5-Dibromomethyl anastrozoled
5.4
0.1
Individual unspecified impurity
—
0.1
Total impurities
—
0.5
a 2-(3-(1-Cyanoethyl)-5-(1H-1,2,4-triazol-1-ylmethyl)phenyl)-2-methylpropionitrile.
b 2,3-Bis(3-(1-cyano-1-methylethyl)-5-(1H-1,2,4-triazol-1-ylmethyl)phenyl)-2methylpropionitrile.
c 2,2¢-(5-(Bromomethyl)-1,3-phenylene)bis(2-methylpropionitrile).
d 2,2¢-(5-(Dibromomethyl)-1,3-phenylene)bis(2-methylpropionitrile).
USP37

SPECIFIC TESTS
• Water Determination, Method Ic

921 : NMT 0.3%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store at room temperature.
Change to read:
• USP Reference Standards 11
USP Anastrozole RS
USP Anastrozole Related Compound A RS
2,2’-(5-Methyl-1,3-phenylene)bis(2-methylpropanenitrile)
(C15 H18 N2
226.32)
USP37

BRIEFING
Artemether. This monograph was first published on page 377 of PF 36(2) [Mar.–Apr. 2010] as
a proposed new monograph. On the basis of new specifications and additional supporting
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data received from the sponsor, it is proposed to replace the proposal in PF 36(2) with this
new version. As part of the USP monograph modernization initiative and based on additional
supporting data, several changes were proposed and incorporated into this new version,
including the following:
1.
Replaced the HPLC and TLC procedures for the Assay and the test for Organic
Impurities, respectively, with a single updated HPLC procedure suitable for the
determination of both purity and organic impurities.
2.
Added a limit for the total impurities in the Organic Impurities procedure.
3.
Added specific tests for Clarity of Solution and Absorbance of Solution.
The HPLC procedure used in the Assay and the test for Organic Impurities is based on analysis
performed with the Zorbax SB C18 brand of L1 column. The typical retention time for
artemether is about 14 min. The proposal was also reformatted to be consistent with the
monograph redesign style.
(SM1: B. Davani.)
Correspondence Number—C93879

Comment deadline: January 31, 2013
Add the following:
Artemether

C16 H26 O5

298.37

(3R,5aS,6R,8aS,9R,10S,12R,12aR)-Decahydro-10-methoxy-3,6,9-trimethyl-3,12-epoxy-12Hpyrano[4,3-j]-1,2-benzodioxepin
[71963-77-4].
DEFINITION
Artemether contains NLT 98.0% and NMT 102.0% of artemether (C16 H26 O5 ).
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the artemether peak of the Sample solution corresponds to that of
the Standard solution, as obtained in the Assay.
ASSAY
• Procedure: Protect all solutions from light.
Solution A: Acetonitrile and water (200:800)
Solution B: Acetonitrile and water (800:200)
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Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
2
100
0
3
40
60
14
0
100
15.5
0
100
15.6
100
0
18
100
0
Diluent: Acetonitrile and water (50:50)
Standard solution: 0.5 mg/mL of USP Artemether RS in Diluent
Sample solution: 0.5 mg/mL of Artemether in Diluent
System suitability solution: 5 µg/mL of USP Artemether RS and 20 µg/mL of USP
Artemether Related Compound B RS in Diluent. Sonicate to dissolve if necessary.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 1.8-µm packing L1
Temperatures
Column: 30
Sample: 5
Flow rate: 0.8 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and System suitability solution
[Note—See Table 2 for relative retention times.]
Suitability requirements
Resolution: NLT 2 between artemether and artemether related compound B, System
suitability solution
Signal to noise ratio: NLT 10 for artemether peak, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of artemether (C16 H26 O5 ) in the portion of Artemether taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
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Acceptance criteria: 98.0%–102.0%
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
• Organic Impurities
Mobile phase, Diluent, System suitability solution, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Analysis
Standard solution: 0.02 mg/mL of USP Artemether RS in Diluent
Sample solution: 10 mg/mL of Artemether in Diluent
Calculate the percentage of each artemether related compound and any other impurity in
the portion of Artemether taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of any impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard any peak less than 0.05%.
Table 2
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Cyclohexanone propanal derivative
0.50 and
(Isomer 1+ Isomer 2)a
0.53
5
0.2
Artemether related compound A
(dihydroartemisinin)
0.55
1.0
0.2
Artemisitene (methylene Artemisinin)b
0.64
35.7
0.1
c
Furoisochromen derivative
0.78
0.36
0.2
Artemether related compound B ( 1.0
artemether)
0.86
0.2
Artemether
1.0
—
—
Any other individual impurity
—
1.0
0.10
Total unknown impurities
—
—
0.5
Total impurities
—
—
1.3
a 2-(4-Methyl-2-oxo-3-(3-oxobutyl)cyclohexyl)propanal.
b (3R,5aS,6R,8aS,12S,12aR)-Octahydro-3,6-dimethyl-9-methylene-3,12-epoxy-12Hpyrano[4,3-j]-1,2-benzodioxepin-10(3H)-one.
c (3aS,4R,6aS,7R,8S,10S)-8-Methoxy-4,7-dimethyldecahydrofuro[3,2-i]isochromen10-yl acetate.
SPECIFIC TESTS
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• Optical Rotation, Specific Rotation 781
Sample solution: 10 mg/mL in dehydrated alcohol
Acceptance criteria: +166 to +173 measured at 20
• Clarity of Solution
Diluent: Acetonitrile and water (70:30)
Hydrazine sulfate solution: 10 mg/mL of hydrazine sulfate in water. Allow to stand for
4–6 h before use.
Methenamine solution: Transfer 2.5 g of methenamine to a 100-mL glass-stoppered
flask, add 25 mL of water, insert the glass stopper, and mix to dissolve.
Primary opalescent suspension: Transfer 25.0 mL of the Hydrazine sulfate solution to
the Methanamine solution in the 100-mL glass-stoppered flask. Allow to stand for 24 h.
This suspension is stable for two months, provided it is stored in a glass container free
from surface defects. The suspension must not adhere to the glass and must be well
mixed before use.
Stock opalescence suspension: Transfer 15.0 mL of the Primary opalescent suspension
to a 1000-mL volumetric flask, and dilute with water to volume. This suspension should
not be used beyond 24 h after preparation.
Standard suspension: Transfer 30.0 mL of the Stock standard opalescence suspension to
a 100-mL volumetric flask, and dilute with water to volume.
Sample solution: Dissolve 1.0 g of Artemether in Diluent, and dilute with Diluent to 10.0
mL.
Analysis
Samples: Standard suspension and Sample solution
Transfer a sufficient portion of the Sample solution to a test tube of colorless,
transparent, neutral glass with a flat base and an internal diameter of 15–25 mm to
obtain a depth of 40 mm. Similarly transfer portions of Standard suspension and Diluent
to separate matching test tubes. Compare the Sample solution, Standard suspension,
and Diluent in diffused daylight, viewing vertically against a black background. The
diffusion of light must be such that the Standard suspension can readily be distinguished
from Diluent.
Acceptance criteria: The Sample solution shows the same or more clarity than the
Standard suspension.
• Absorbance of solution
Sample solution: 100 mg/mL of Artemether in acetone
Blank: Acetone
Instrumental conditions
Mode: Suitable spectrophotometer
Wavelength: 420 nm
Cell: 1 cm
Acceptance criteria: NMT 0.10
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers. Store at room
temperature.
• USP Reference Standards 11
USP Artemether RS
USP Artemether Related Compound A RS
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(3R,5aS,6R,8aS,9R,12R,12aR)-Decahydro-10-hydroxy-3,6,9-trimethyl-3,12-epoxy-12Hpyrano[4,3-j]-1,2-benzodioxepin.
C15 H24 O5
284.35
USP Artemether Related Compound B RS
(3R,5aS,6R,8aS,9R,10R,12R,12aR)-Decahydro-10-methoxy-3,6,9-trimethyl-3,12-epoxy12H-pyrano[4,3-j]-1,2-benzodioxepin.
C16 H26 O5
298.37
USP37

BRIEFING
Aspirin, Alumina, and Magnesium Oxide Tablets, USP 35 page 2254. On the basis of
comments received, it is proposed to revise the Dissolution test by removing the crossreference to Automated Methods of Analysis 16 , because the chapter is being deleted.
This information is being presented in the monograph.
(SM2: C. Anthony.)
Correspondence Number—C120532

Comment deadline: January 31, 2013
Aspirin, Alumina, and Magnesium Oxide Tablets
DEFINITION
Aspirin, Alumina, and Magnesium Oxide Tablets contain NLT 90.0% and NMT 110.0% of the
labeled amount of aspirin (C9 H8 O4 ), the equivalent of NLT 90.0% and NMT 110.0% of the
labeled amount of aluminum hydroxide [Al(OH)3 ], and NLT 90.0% and NMT 110.0% of the
labeled amount of magnesium oxide (MgO).
IDENTIFICATION
Sample: The Sample is prepared as follows. To a 0.7-g portion of finely powdered Tablets,
add 20 mL of 3 N hydrochloric acid and 5 drops of methyl red TS, heat to boiling, and add 6 N
ammonium hydroxide until the color of the solution changes to deep yellow. Continue boiling
for 2 min, and filter. The filtrate is used in Identification test B, and the precipitate is used in
Identification test C.
• A. The retention time of the aspirin peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Identification Tests—General, Magnesium
Sample solution: Sample filtrate
Acceptance criteria: Meet the requirements

191

• C. Identification Tests—General, Aluminum 191
Sample solution: Wash the Sample precipitate with a hot solution of 20 mg/mL of
ammonium chloride, and dissolve the precipitate in hydrochloric acid.
Acceptance criteria: Meet the requirements
• D. Procedure
Analysis: Where the Tablets are composed of two layers, scrape a small amount of each
layer into separate test tubes. Add 2 mL of water and 2 drops of methyl red TS to each
tube, and shake for 15 s.
Acceptance criteria: The solution from the aspirin-containing layer is red, and the solution
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from the buffer-containing layer is yellow.
ASSAY
• Aspirin
Mobile phase: Methanol, phosphoric acid, and water (30:3:70)
Diluent: Dehydrated alcohol and hydrochloric acid (2000:20)
Aspirin standard stock solution: 5 mg/mL of USP Aspirin RS in Diluent prepared by
blending at high speed for 1.5 min
Aspirin standard solution: 0.25 mg/mL of USP Aspirin RS prepared immediately from the
Aspirin standard stock solution in dehydrated alcohol. Use these solutions within 1 h.
Salicylic acid standard stock solution: 5 mg/mL of USP Salicylic Acid RS in dehydrated
alcohol. Transfer 3.0 mL of this solution to a 100-mL volumetric flask, and dilute with
Diluent to volume.
Salicylic acid standard solution: 7.5 µg/mL of USP Salicyclic Acid RS from the Salicylic
acid standard stock solution in dehydrated alcohol
System suitability solution: Transfer 5.0 mL of the Aspirin standard stock solution to a
100-mL volumetric flask, add 5.0 mL of the Salicylic acid standard stock solution, and
dilute with dehydrated alcohol to volume.
Sample solution: Transfer a counted number of Tablets, equivalent to 2500 mg of aspirin,
to a 120-mL blender jar containing 100.0 mL of Diluent, and blend at high speed for 1.5
min. Immediately filter a portion of the mixture thus obtained, and transfer 1.0 mL of the
filtrate to a 100-mL volumetric flask. Immediately dilute with dehydrated alcohol to
volume. Promptly inject this Sample solution into the chromatograph as directed for
Analysis.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 3-cm; 5-µm packing L7
Flow rate: 3.5 mL/min
Injection volume: 10 µL
System suitability
Samples: Aspirin standard solution, Salicylic acid standard solution, and System
suitability solution
[Note—The relative retention times for aspirin and salicylic acid are 0.7 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between the aspirin peak and the salicylic acid peak, System
suitability solution
Tailing factor: NMT 2.0 for the aspirin and salicylic acid peaks, Aspirin standard solution
and Salicylic acid standard solution
Relative standard deviation: NMT 2.0% for the aspirin and salicylic acid peaks, Aspirin
standard solution and Salicylic acid standard solution
Analysis
Samples: Aspirin standard solution, Salicylic acid standard solution, and Sample solution
Calculate the percentage of aspirin (C9 H8 O4 ) in each Tablet taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response of aspirin from the Sample solution
rS= peak response of aspirin from the Standard solution
C=
S concentration of USP Aspirin RS in the Aspirin standard solution (mg/mL)
C=
U nominal concentration of aspirin in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
• Aluminum Hydroxide
Edetate disodium titrant: Dissolve 18.6 g of edetate disodium in water to make 1000 mL,
and standardize the solution as follows. Weigh 2 g of aluminum wire, transfer to a 1000mL volumetric flask, and add 50 mL of a mixture of hydrochloric acid and water (1:1). Swirl
the flask to ensure contact of the aluminum and the acid, and allow the reaction to
proceed until all of the aluminum has dissolved. Dilute with water to volume. Pipet 10 mL
of this solution into a 250-mL beaker; add, in the order named and with continuous
stirring, 25.0 mL of edetate disodium titrant and 20 mL of acetic acid–ammonium acetate
buffer TS; and boil gently for 5 min. Cool, and add 50 mL of alcohol and 2 mL of dithizone
TS. Titrate with 0.05 M zinc sulfate VS to a bright rose-pink color. Perform a blank
determination, substituting 10 mL of water for the aluminum solution, and make any
necessary correction.
Calculate the molarity of the solution taken:
Result = (W/Ar) × V
W
= weight of aluminum in the portion of the solution taken (mg)
A=r atomic weight of aluminum, 26.98
V= volume of Edetate disodium titrant consumed (mL)
Sample solution: To a portion of the powdered Tablets (NLT 20) equivalent to 600 mg of
aluminum hydroxide, add 20 mL of water, stir, and slowly add 30 mL of 3 N hydrochloric
acid. Heat gently, if necessary, to aid solution, cool, and transfer to a 200-mL volumetric
flask. Wash the beaker with water, adding the washings to the flask, and add water to
volume.
Analysis: To 20 mL of the Sample solution in a 250 mL-beaker, add 20 mL of water; then
add, in the order named and with continuous stirring, 25.0 mL of Edetate disodium titrant
and 20 mL of acetic acid–ammonium acetate buffer TS, and heat the solution near the
boiling temperature for 5 min. Cool, and add 50 mL of alcohol and 2 mL of dithizone TS.
Titrate with 0.05 M zinc sulfate VS until the color changes from green-violet to rose-pink.
Perform a blank determination, substituting 10 mL of water for the Sample solution, and
make any necessary correction. Each mL of 0.05 M Edetate disodium titrant is equivalent
to 3.900 mg of aluminum hydroxide (Al(OH)3 ).
Acceptance criteria: 90.0%–110.0%
• Magnesium Oxide
Sample solution: Prepare as directed in the Assay for Aluminum Hydroxide.
Eriochrome black indicator solution: Dissolve 200 mg of eriochrome black T in a mixture
of 15 mL of triethanolamine and 5 mL of dehydrated alcohol.
Titrant: 0.05 M edetate disodium VS
Analysis: To a volume of the Sample solution equivalent to 40 mg of magnesium oxide in a
400 mL beaker, add, while mixing, 20 mL of triethanolamine and 200 mL of water. Cool the
solution for 10 min, while stirring, by immersion in an ice bath. Remove the beaker from the
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ice bath, and add 15 mL of ammonia–ammonium chloride buffer TS and 2 drops of
Eriochrome black indicator solution. Titrate with Titrant to a blue endpoint, allowing 60 s
between drops of titrant as the endpoint is approached (after first color change is
observed). The titration should be completed within 10 min after the addition of the buffer
and indicator. If any precipitate is observed prior to titration, the solution should be
discarded, and a new solution prepared. Perform a blank determination, substituting an
equivalent volume of water for the volume of Sample solution used, and make any
necessary correction. Each mL of Titrant consumed is equivalent to 2.015 mg of
magnesium oxide (MgO).
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: 0.05 M acetate buffer, prepared by mixing 2.99 g of sodium acetate (trihydrate)
and 1.66 mL of glacial acetic acid with water to obtain 1000 mL of solution having a pH of
4.50 ± 0.05; 900 mL
Apparatus 1 (10-mesh screen): 100 rpm
Time: 45 min
Determine the amount of aspirin (C9 H8 O4 ) dissolved, employing the following method.
Alkaline detergent solution: 30% solution of polyoxyethylene (23) lauryl ether and 1 N
sodium hydroxide (0.5: 1000)
pH 4.3 buffer detergent: 12.9 g/L of citric acid monohydrate and 20.6 g/L of dibasic
sodium phosphate heptahydrate in water. Add 0.5 mL of a 30% solution of
polyoxyethylene (23) lauryl ether.
Standard solution: 0.45 mg/mL of USP Aspirin RS in Medium
Sample solution: Filtered portion of sample
Analysis: Use an automatic analyzer consisting of (1) a liquid sampler, (2) a proportioning
pump, (3) a suitable fluorometer equipped with a 0.4-cm flow cell and suitable recording
devices, and (4) a manifold consisting of the components illustrated in the diagram in
Automated Methods of Analysis
Figure 1.

16

Figure 1
USP37

With the sample line pumping pH 4.3 buffer detergent, the other lines pumping their
respective reagents, and the fluorometer set at an excitation wavelength of 298 nm and
an emission wavelength of 425 nm, adjust the system until a steady fluorescence baseline
has been achieved. Start the sampler, and conduct determinations at a rate of 40/h,
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using a ratio of 5:1 for sample and wash time. Record the fluorescence values of the
Standard solution and the Sample solution.
Calculate the percentage of aspirin (C9 H8 O4 ) dissolved:
Result = CS × (V/L) × (F U/F S) × 100
C=
S concentration of USP Aspirin RS in the Standard solution (mg/mL)
V= volume of medium, 900 mL
L= label claim (mg/Tablet)
F=
U fluorescence values of the solution under test
F=
S fluorescence values of the Standard solution
Tolerances: NLT 75% (Q) of the labeled amount of aspirin (C9 H8 O4 ) is dissolved.
• Uniformity of Dosage Units 905 : Meet the requirements for Weight Variation with
respect to aluminum hydroxide and to magnesium oxide, and for Content Uniformity with
respect to aspirin
IMPURITIES
• Organic Impurities Procedure: Limit of Free Salicylic Acid
[Note—The results from the Assay for Aspirin may be used for this test when calculated as
described in the Analysis section of this test.]
Mobile phase: Methanol, phosphoric acid, and water (30:3:70)
Diluent: Dehydrated alcohol and hydrochloric acid (2000:20)
Aspirin standard stock solution: 5 mg/mL of USP Aspirin RS in Diluent prepared by
blending at high speed for 1.5 min
Aspirin standard solution: 0.25 mg/mL of USP Aspirin RS prepared immediately from
Aspirin standard stock solution in dehydrated alcohol. Use these solutions within 1 h.
Salicylic acid standard stock solution: 5 mg/mL of USP Salicylic Acid RS in dehydrated
alcohol. Transfer 3.0 mL of this solution to a 100-mL volumetric flask, and dilute with
Diluent to volume.
Salicylic acid standard solution: 7.5 µg/mL of USP Salicylic Acid RS from Salicylic acid
standard stock solution in dehydrated alcohol
System suitability solution: Transfer 5.0 mL of the Aspirin standard stock solution to a
100-mL volumetric flask, add 5.0 mL of the Salicylic acid standard stock solution, and
dilute with dehydrated alcohol to volume.
Sample solution: Transfer a counted number of Tablets, equivalent to 2500 mg of aspirin,
to a 120-mL blender jar containing 100.0 mL of Diluent, and blend at high speed for 1.5
min. Immediately filter a portion of the mixture thus obtained, and transfer 1.0 mL of the
filtrate to a 100-mL volumetric flask. Immediately dilute with dehydrated alcohol to
volume. Promptly inject this Sample solution into the chromatograph as directed for
Analysis.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 3-cm; 5-µm packing L7
Flow rate: 3.5 mL/min
Injection volume: 10 µL
System suitability
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Samples: Aspirin standard solution, Salicylic acid standard solution, and System
suitability solution
[Note—The relative retention times for aspirin and salicylic acid are 0.7 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between the aspirin and salicylic acid peaks, System suitablity
solution
Tailing factor: NMT 2.0 for the aspirin and salicylic acid peaks, Aspirin standard solution
and Salicylic acid standard solution
Relative standard deviation: NMT 2.0% for aspirin and salicylic acid peaks, Aspirin
standard solution and Salicylic acid standard solution
Analysis
Samples: Aspirin standard solution, Salicylic acid standard solution, and Sample solution
Calculate the percentage of free salicylic acid in the Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of salicylic acid from the Sample solution
rS= peak response from the Salicylic acid standard solution
C=
S concentration of USP Salicylic Acid RS in the Salicylic acid standard solution (µg/mL)
C=
U nominal concentration of aspirin in the Sample solution (mg/mL)
Acceptance criteria: NMT 3.0%
SPECIFIC TESTS
• Acid-Neutralizing Capacity
aspirin in the Tablets.

301 : NLT 1.9 mEq of acid is consumed for each 325 mg of

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Aspirin RS
USP Salicylic Acid RS

11

BRIEFING
Atovaquone, USP 35 page 2265. It is proposed to include the chemical names for three
unnamed impurities in Related Compounds, Table 1. The monograph was also reformatted to
be consistent with the USP monograph redesign.
(SM1: A. Martin-Esker, B. Davani.)
Correspondence Number—C108888

Comment deadline: January 31, 2013
Atovaquone

PF 38(6): Nov.-Dec. 2012

C22 H19 ClO3

367

366.84

1,4-Naphthalenedione, 2-[4-(4-chlorophenyl)cyclohexyl]-3-hydroxy-, trans-;
2-[trans-4-(p-Chlorophenyl)cyclohexyl]-3-hydroxy-1,4-naphthoquinone
[95233-18-4].
DEFINITION
Atovaquone contains NLT 97.5% and NMT 101.5% of atovaquone (C22 H19 ClO3 ), calculated on
the anhydrous and organic solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, water, and phosphoric acid (525:175:300:5)
Diluent: Acetonitrile and water (80:20)
System suitability solution: 0.25 mg/mL of USP Atovaquone RS and 0.02 mg/mL of USP
Atovaquone Related Compound A RS in Diluent. Store in a low-actinic glass container.
Standard solution: 0.25 mg/mL of USP Atovaquone RS in Diluent
Sample solution: 0.25 mg/mL of Atovaquone in Diluent. Use a low-actinic volumetric flask.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; packing L1
Flow rate: 3 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for atovaquone related compound A and atovaquone are
about 0.85 and 1.0, respectively.]
Suitability requirements
Resolution: NLT 4 between atovaquone related compound A and atovaquone, System
suitability solution
Column efficiency: NLT 9000 theoretical plates, Standard solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2%, Standard solution
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of atovaquone (C22 H19 ClO3 ) in the portion of Atovaquone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Atovaquone RS in the Standard solution (mg/mL)
C=
U concentration of Atovaquone in the Sample solution (mg/mL)
Acceptance criteria: 97.5%–101.5% on the anhydrous and organic solvent-free basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals

231

Standard solution: Add 1.0 mL of Standard Lead Solution (see Heavy Metals

231 ,

Special Reagents) to 0.5 g of magnesium oxide, and dry between 100 and 105 . Proceed
as directed for the Sample solution, beginning with “Ignite to dull redness”.
Sample solution: Mix 1.0 g of Atovaquone with 0.5 g of magnesium oxide thoroughly in a
silica crucible. Ignite to dull redness until a homogeneous white or grayish white mass is
obtained. If the mixture remains colored after 30 min, allow to cool, mix using a fine glass
rod, and repeat the ignition. If necessary, repeat the operation. Heat the residue at 800
for about 1 h. Cool, take up the residue in two 5-mL portions of 6 N hydrochloric acid, add
0.1 mL of phenolphthalein TS, and then add 13.5 N ammonium hydroxide until a pink color
is obtained. Cool, add glacial acetic acid until the solution is decolorized, and add 0.5 mL
in excess. Filter, if necessary, and wash the filter with water. Dilute with water to 20 mL.
Blank solution: Proceed as directed for the Sample solution, omitting the Atovaquone.
Analysis
Samples: Standard solution, Sample solution, and Blank solution
Transfer 12.0 mL of the Sample solution to a 50-mL color-comparison tube, 10.0 mL of
the Standard solution to another, and 10.0 mL of the Blank solution to a third. Then add
2.0 mL of the Sample solution to the Standard solution as well as the Blank solution. Add
2 mL of pH 3.5 Acetate Buffer (see Heavy Metals 231 ) to each of the three tubes.
Add 1.2 mL of thioacetamide–glycerin base TS. Allow to stand for 2 min, and view
downward over a white surface.
Acceptance criteria: NMT 10 µg/g; the solution from the Standard solution is slightly
brown when compared with the solution from the Blank solution, and the color of the
solution from the Sample solution is not darker than that of the solution from the Standard
solution.
• Residual Solvents
Standard solution: 0.5 µL of methanol, and 0.5 µL of glacial acetic acid per mL of
dimethylformamide
Sample solution: 50 mg/mL of Atovaquone in dimethylformamide
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 4-mm × 2.8-m; contains 10% liquid phase G16 on S2 support
Carrier gas: Nitrogen
Temperatures
Column: 180
Detector: 250
Flow rate: 42.5 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for methanol and acetic acid are about 0.4 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 14 between methanol and acetic acid
Column efficiency: NLT 700 for the acetic acid peak
Tailing factor: NLT 0.8 for the acetic acid peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methanol and acetic acid in the portion of Atovaquone taken:
Result = (rU/rS) × (CS/CU) × F × 100
rU= peak area of methanol or acetic acid from the Sample solution
rS= peak area of methanol or acetic acid from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of Atovaquone in the Sample solution (mg/mL)
F= specific gravity (0.79 for methanol; 1.05 for glacial acetic acid)
Acceptance criteria: NMT 0.2% methanol, NMT 0.2% acetic acid
Change to read:
• Related Compounds
Analysis: Using the chromatograms of the Sample solution and the System suitability
solution from the Assay, calculate the percentage of atovaquone related compounds in
the portion of Atovaquone taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity in the Sample solution
r=
T sum of all peak responses in the Sample solution
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
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Unnamed Impurity
Indene isomera USP37
Atovaquone related compound A
Unnamed Impurity
Didehydroatovaquoneb USP37
Atovaquone
Unnamed Impurity
O-Methyl atovaquonec USP37
Any other individual, unidentified impurity
Sum of all other individual impurities
Total related compounds

0.63
0.85

0.5
1.0

0.89
1.0

0.3
—

1.8
—
—
—

0.5
0.2
1.0
1.5

a trans-2-[4-(4-Chlorophenyl)cyclohexyl]-1-oxo-1H-indene-3-carboxylic acid.
b (RS)-2-[4-(4-Chlorophenyl)cyclohex-3-enyl]-3-hydroxy-1,4-naphthoquinone.
c trans-2-[4-(4-Chlorophenyl)cyclohexyl]-3-methoxy-1,4-naphthoquinone.
USP37

SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 1.0%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards 11
USP Atovaquone RS
USP Atovaquone Related Compound A RS
cis-2-[4-(4-Chlorophenyl)cyclohexyl]-3-hydroxy-1,4-naphthoquinone.
C22 H19 ClO3
366.84

Comment deadline: January 31, 2013
Scaffold Bovine Dermis
Former title: Bovine Acellular Dermal Matrix
Title to become official May 1, 2015.
DEFINITION
Scaffold Bovine Dermis is a remodelable collagen scaffold derived from fetal or neonatal bovine
skin. It is presented to the physician as a flat white sheet that is cut to size and hydrated in
room temperature sterile saline solution prior to implantation. It is utilized as a structural
scaffold in orthopedic, neurosurgical, urogynecological, dermatological, plastic, and other
reconstructive procedures to contribute to the repair, reinforcement, and generation of tissue.
The sterile material is surgically secured, onlayed, and/or packed into deficient soft tissues
such as skin, tendon, muscle, and dura mater. The source fetal or neonatal bovine skin is
mechanically and chemically processed to isolate the dermis and remove cells and cellular
components. To prevent the transmission of infectious disease, the manufacturing process has
been validated to inactivate viruses potentially present in the source material. To prevent the
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spread of transmissible spongiform encephalopathies, the source material is acquired from
appropriate geographic locations in accordance with relevant guidelines subject to
governmental oversight. The product is inspected and tested to assure the product meets
specifications. In order to provide antimicrobial protection of the Scaffold Bovine Dermis, silver
nitrate solution may be added to the Scaffold Bovine Dermis resulting in ionic silver as a
component.
SPECIFIC TESTS
• Histological Evaluation
1% Acidified alcohol solution: To 99 mL of 70% ethyl alcohol add 1 mL of hydrochloric
acid (37.5%).
Potassium alum solution: Dissolve 100 g of potassium alum in 1000 mL of distilled water
with the aid of heat and a magnetic stirrer.
Hematoxylin–alcohol solution: Dissolve 5 g of hematoxylin (see Reagent Specifications
under Reagents, Indicators, and Solutions) in 50 mL of 100% ethyl alcohol at room
temperature.
Hematoxylin solution: Slowly combine the 1000 mL of the Potassium alum solution with
the 50 mL of the Hematoxylin–alcohol solution. Bring to a boil as rapidly as possible.
Remove from heat and slowly add 2.5 g of mercuric oxide. Return the solution to heat until
it becomes dark purple, remove from heat, and cool in a sink of cold water.
Eosin solution: Dissolve 1.0 g of eosin Y, water soluble, in 100 mL of distilled water.
Dissolve 1.0 g of phloxine B in 100.0 mL of distilled water. Combine 100 mL of eosin Y
solution with 10 mL of phloxine B solution, 780 mL of 95% ethyl alcohol, and 4.0 mL of
glacial acetic acid. [Note—Filter daily before use.]
Bluing agent: Dissolve 1.54 g of lithium carbonate in 100 mL of distilled water.
10% Neutral buffered formalin: To 6.5 g of dibasic sodium phosphate (anhydrous) and
4.0 g of monobasic sodium phosphate, add 900 mL of distilled water and 100 mL of
formaldehyde (37% to 40%).
Sample Preparation and Staining: Remove a sample of finished product with an 8.0-mm
biopsy punch. Place the sample in a labeled tissue cassette, and fix for 24 hours in 10%
Neutral buffered formalin. Dehydrate the sample in sequential soaks of the following: 70%
ethyl alcohol (45 min), 80% ethyl alcohol (45 min), 95% ethyl alcohol (90 min), 100%
ethyl alcohol (180 min), and xylene (90 min). Embed the sample in melted paraffin, cool,
and cut 5-µm thick sections with a microtome. Collect sections on microscope slides.
Deparaffinize the slide with xylene and hydrate with distilled water. Stain in Hematoxylin
solution for 6 to 15 min. Wash in running tap water for 2 to 5 min. Dip two times in 1%
Acidified alcohol solution. Wash briefly in tap water. Place in Bluing agent until the
sections are bright blue. Wash in running tap water for 10 min. Place in 80% ethyl alcohol
for 1 to 2 min. Dehydrate and clear through two changes each of 95% ethyl alcohol,
100% ethyl alcohol, and xylene, 2 min each. Affix a coverslip over the tissue using an
appropriate resinous mounting media. The nuclei stain blue, the cytoplasm stains from pink
to red, and the collagen fibers stain from pink to red.
Microscopic and Morphological Characteristics: The collagen fibers of the Scaffold
Bovine Dermis stain pink-red, and no evidence of cell nuclei or cytoplasm are apparent in
prepared histological sections as shown in the USP Scaffold Bovine Dermis Reference
Photomicrographs of products with acceptable histological appearance.
• Protein Determination
Procedure: Use the Kjeldahl nitrogen (protein) determination method to calculate the
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percent protein of the final product as directed under Nitrogen Determination 461 with
the following specifics. Suitable equipment and procedures are readily available1
Digestion: Prepare a rack of 15 to 20 Kjeldahl digestion tubes. In each, place 2.0 to 2.2 g
of final product, 0.2 ± 0.05 g of ammonium sulfate, a metallic catalyst tablet,2 2 and
boiling chips.3 Prepare a blank tube with catalyst tablets and boiling chips (reagent blank).
To each tube add 15 mL of concentrated sulfuric acid, and then, very slowly, 3 mL of
hydrogen peroxide (30% to 35%). Place the digestion tubes on a digestion block, and heat
to 410 . Digest for 60 ± 5 min. The mixture in the tubes should be a clear green.
Distillation: Add excess base (50% sodium hydroxide). Generally, for each 5 mL of
concentrated sulfuric acid used in the digestion, 20 mL of 40% (w/w) sodium hydroxide is
required to make the digest strongly alkaline (pH >11). Mix each tube and let cool to room
temperature. Distill each tube to collect approximately 125 mL of total distillate in a flask
containing 25 mL of 4% boric acid. A reagent blank is run with each set.
Titration: Titrate the collected distillate with 0.2 N sulfuric acid to a neutral gray color
endpoint. Record the volume of sulfuric acid used.
Calculation: Calculate the percentage of protein by the formula:
Result= [mL of sulfuric acid – mL blank) × N of sulfuric acid × 1.4007 × 6.25]/weight of
sample (g), where
1.4007
= the milliequivalent weight N × 100(%)
6.25 = protein factor for meat
Acceptance criteria: The percentage of protein in 2.0 to 2.2 g of Scaffold Bovine Dermis
sample is between 90.0% and 95.0%.
• Lipid analysis
Procedure: A standard Soxhlet extraction apparatus is required. Dry flasks in an
oven/dessicator and weigh, recording the weight to the nearest 0.0001 g. Grind or cut
into small pieces 3.0 to 4.0 g of test material and place into a thimble. Record the weight
of the test material to the nearest 0.0001 g. Place the thimble of material and 80 to 90
mL of petroleum ether into an extraction flask, and place into the Soxhlet extraction tube.
Reflux for 4 hours. Collect all of the ether into the flask, and evaporate. Weigh the flask,
recording weight to the nearest 0.0001 g. For the weight of lipid, subtract the weight of
the clean flask from the final weight of the flask. Calculate the percent of lipid based on
the weight of the starting material.
Acceptance criteria: The percentage of lipid in 3.0 to 4.0 g of Scaffold Bovine Dermis
sample is between 0% and 1.5%.
• Loss on Drying 731 : Calculate the moisture content, with the following specifics. Mince
approximately 5.0 g of Scaffold Bovine Dermis; place it into an aluminum dish. Dry the
sample in an air oven for 16 to 18 hr at 100 to 102 . Calculate the percentage of moisture
in the sample taken by the following:
Dry matter % = [(wt. of dried sample & pan (g)
Moisture % = 100

wt. of pan (g)) / g of sample] ×100, Result:
dry matter %).

Acceptance criteria: The moisture loss is NLT 10.0% and NMT 12.0% of the original
sample weight.
• Ash determination
Procedure: Place a sample of the final product, about 5.0 g, in a kiln dried, porcelain
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crucible. Record the weight to the nearest 0.0001 g. Place the crucible containing the
sample into an oven at 125 for 2 to 4 hr. Then place the crucible containing the sample
into a cool muffle furnace. Heat the furnace to 350 , and maintain the temperature until
smoking ceases (generally about 20 min). Heat the furnace to 550 . Maintain the
temperature for 2 hr. Cool the crucible in a desiccator. Weigh the crucible, and record the
weight to the nearest 0.0001 g. Calculate the percentage of ash by the following formula:
Result = [(wt. of crucible & residue (g) – wt. of crucible (g)) / g of sample] × 100. The
percentage of ash is between 0% and 0.3%.
Acceptance criteria: The percentage of ash is between 0% and 0.3%.
• Carbohydrate content
Calculation: The percentage of carbohydrates is determined by the following formula:
Carbohydrate % = 100% – (lipid % + protein % + moisture % + ash %)
Acceptance criteria: The percentage of carbohydrates is equal to or less than 0.0%.
Because this is a calculated value, influenced by the error inherent in the test methods
above (Lipid analysis, Moisture content, and Ash determination), a calculated value less
than 0.0% is acceptable.
• Gel Electrophoresis Use the electrophoresis determination method as directed under
Biotechnology Derived Articles—Polyacrylamide Gel Electrophoresis 1056 .
Collagen extraction solution: Prepare a 0.5 M acetic acid solution containing 2 mM
ethylenediaminetetraacetic acid (EDTA).
2X Tris-glycine sample buffer: Prepare a 2X solution containing 63 mM Tris-HCl pH 6.8,
10% glycerol, 2% sodium dodecyl sulfate (SDS), 0.05% 2-mercaptoethanol, and 0.25%
bromophenol blue.4
1X Tris-glycine sample buffer: Prepare a solution containing a mixture of 2X Tris-glycine
sample buffer and water (1:1).
SDS-PAGE running buffer: Prepare a solution containing 25 mM Tris pH 8.3, 192 mM
glycine, and 0.1% SDS5
Polyacrylamide gel: Prepare a Tris-HCl polyacrylamide gel with a 4% to 20% gradient 6
Molecular weight markers: Use a suitable molecular weight marker containing protein
bands between 10 and 250 kilodaltons (kDa).
Staining solution: Prepare a solution containing 0.25% (w/v) Coomassie brilliant blue R250 (see Reagent Specifications under Reagents, Indicators, and Solutions) in 10% acetic
acid and 10% n-propanol.
Destain solution: Prepare a mixture of water, acetic acid, and n-propanol (8:1:1).
Collagen preparations: Mince 0.5 g of Scaffold Bovine Dermis final product. Weigh a
sample of minced Scaffold Bovine Dermis, and add to a volume of Collagen extraction
solution to obtain a concentration of 5 mg per mL (dry weight of Scaffold Bovine Dermis).
Extract on a rocking platform at room temperature for 72 hr.
Procedure: Dilute acid-extracted collagen samples in 2X Tris-glycine sample buffer to a
concentration of 0.5 mg/mL, and incubate for 5 min at 100 . Load the Polyacrylamide gel
in the electrophoresis apparatus, and add SDS-PAGE running buffer to the top and bottom
reservoirs. Load 10 µL of Molecular weight markers in the first well of the Polyacrylamide
gel and 10 µL of 1X Tris-glycine sample buffer in the second well. Load 10 µL (5 µg) of
each Collagen preparation into subsequent gel wells. Attach the cathode and anode to
the appropriate terminals, and apply 110 V to the gel. Run the gel until the bromophenol
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blue reaches the bottom of the gel. Remove the gel from the electrophoresis apparatus,
and place it in a tray containing enough Staining solution to cover the gel. Incubate the
gel for 3 hr on a rocker at room temperature. Completely remove the Staining solution from
the tray, cover the gel with Destain solution, and slowly rock the gel for 20 min. Remove
the Destain solution, and repeat the destaining procedure three times. Inspect the gel for
bands that have migrated from the origin.
System suitability: All Molecular Weight marker bands between 20 and 200 kDa are
present. The lane containing 1X Tris-glycine sample buffer does not contain any bands.
Data analysis: Where a protein band appears in the gel, the molecular weight of this
protein is determined by comparing the position of the band to that of the known
Molecular weight marker.
Specificity and Acceptance Criteria: The lanes of the Polyacrylamide gel that correspond
to Scaffold Bovine Dermis show four major protein bands. Two bands, when compared to
the Molecular weight marker, appear at 96 and 94 kDa. These two bands correspond to
the monomeric alpha 1 and alpha 2 chains of collagen Type I, respectively. Another two
bands appear close together at 200 kDa, which correspond to alpha 1 and alpha 1/alpha 2
collagen dimers.
• Tensile strength
Procedure: Cut test specimens 5-mm wide × 50-mm long from representative pieces from
final product lots. Measure the thickness of the specimen. Test the specimens with a
commercially available material test system7. Mount and align the specimen, gripping 1 cm
of the test specimen on both ends to ensure a test specimen gauge length of 3 cm. Pull
the grips apart at 30 mm per minute while concurrently measuring the force exerted on
the specimen. Record the maximum force (N) measured during the test.
Calculation: Calculate the tensile strength by the formula:
Tensile strength (N/mm2) = maximum force (N)/5 (mm) × thickness (mm)
Acceptance criteria: The measured tensile strength for each lot is NLT 5 N/mm2.
• Suture retention force
Procedure: Cut representative 1– cm × 1– cm test specimens from final product lots.
Using an appropriate suture material (e.g., 40 polypropylene suture), thread the suture 3
mm from the edge of the sample in the center and pull through. Clamp approximately 5 mm
of the opposite, unsutured end of the test specimen in the upper pneumatic grip of a
commercially available material test system8. The suture tails are hanging freely. Clamp
the suture tails to the lower grip. Pull the grips apart at 20 mm/min while concurrently
measuring the force exerted. Record the maximum force (N) measured.
Acceptance criteria: The suture retention force measured for each lot is NLT 5N for a 1–
cm × 1– cm test sample of the Scaffold Bovine Dermis.
• Thermal analysis
Procedure: A final product sample of approximately 10 to 20 mg is heated at 2 per minute
from 30 to 90 , hydrated with water, and the thermal characteristics of each processed
sample is measured with a differential scanning calorimeter as directed under Thermal
Analysis 891
Acceptance criteria: Scaffold Bovine Dermis displays a single thermal transition peak
between 58 and 67 .
• Visual inspection
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Procedure: Each piece of final product is visually inspected under a white light at a
distance of 30 to 45 cm for color, the presence of particulates, and holes.
Acceptance criteria: Scaffold Bovine Dermis is white, and neither particulates nor holes
are visible.
• Hydration rate: Cut a sample of finished product lot approximately 1 cm × 1 cm. Fully
hydrate the sample, as indicated by a change in color from white to gray.
Acceptance Criteria: Sample should be fully hydrated in NMT 3 min when placed in room
temperature saline solution.
• Sterility Test

71 : It meets the requirements.

• Bacterial Endotoxins Test

85 : It meets the requirements as directed under Transfusion

and Infusion Assemblies and Similar Medical Devices

161 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: The package is a sealed, foil pouch that provides an effective
moisture, light, gas, and sterility barrier. Store in clean, dry conditions between 15 and 30
.
• Labeling: Label it to indicate that it is derived from bovine origin. The product is labeled to
indicate the product's intended clinical use. It is labeled with the dimensions of the
product, the expiration date, the required storage conditions, lot number, part number, and
the manufacturer's name and address. The label indicates that the product is sterile and
nonpyrogenic and is designed for single patient, one–time use. The labeling cautions the
user to inspect the packaging for damage and to discard the product if the packaging has
been compromised. The labeling also cautions the user to hydrate the product only in room
temperature sterile saline solution.
• USP Reference Standards 11
USP Endotoxin RS
USP Authentic Visual References RS
USP Scaffold Bovine Dermis Reference Photomicrographs. These Photomicrographs
show the histological appearance of failed, cell-containing source material
(Photomicrographs 1 and 2) and of passing, processed, decellularized material
(Photomicrographs 3 and 4). The samples were prepared as directed in the test for
Histological evaluation.
1 A suitable device and associated procedures can be obtained from Labconoco, 8811 Prospect Ave., Kansas
C ity, MO.
2 A suitable catalyst is Pro–Pac C T–37, Alfie Packers, 8901 J St., Omaha, NE.
3 C ommonly referred to as Henger granules.
4 A suitable sample buffer can be obtained from Invitrogen C orporation, 1600 Faraday Ave., P.O. Box 6482,
C arlsbad, C A 92008.
5 A suitable gel running buffer can be obtained from Bio–Rad Laboratories, 1000 Alfred Nobel Dr., Hercules,
C A 94547.
6 A suitable precast acrylamide gel can be obtained from Bio–Rad Laboratories, 1000 Alfred Nobel Dr.,
Hercules, C A 94547
7 A suitable material test system is available from Instron C orporation, 825 University Ave., Norwood, MA.
8 A suitable material test system is available from Instron C orporation, 825 University Ave., Norwood, MA.
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BRIEFING
Brompheniramine Maleate, USP 35 page 2392. As part of USP's modernization initiative, it is
proposed to revise the monograph as follows.
1.
Replace the titration Assay with an HPLC method that was validated using a Waters
XTerra RP 18 brand of L1 column. The typical retention time for brompheniramine is
about 21 min. Revise the Acceptance criteria from NLT 98.0% and NMT 100.5% to
NLT 98.0% and NMT 102.0% to reflect the change in the Assay procedure.
2.
Replace Identification test B using ultraviolet absorption with an identification test
based on HPLC retention time agreement for both maleic acid and brompheniramine.
3.
Replace the related compounds procedure that uses packed column GC with an HPLC
method that was validated using a Waters XTerra RP18 brand of L1 column. The
typical retention time for brompheniramine is about 21 min. The impurities
acceptance criteria are from the 7th Edition of the European Pharmacopoeia. The
ICH limit of NMT 0.10% is added for any unspecified impurity.
4.
Delete the nonspecific Melting Range or Temperature test. This test is no longer
necessary because a specific HPLC based Organic Impurities test is being added.
5.
Add the Optical Rotation test from the 7th Edition of the European Pharmacopoeia.
6.
Add the new reference standards used in the Assay and in the test for Organic
Impurities to the Reference Standards

11

section.

(SM4: D. Vicchio.)
Correspondence Number—C101978

Comment deadline: January 31, 2013
Brompheniramine Maleate

C16 H19 BrN2 ·C4 H4 O4

435.31

2-Pyridinepropanamine, -(4-bromophenyl)-N,N-dimethyl-, (±)-, (Z)-2-butenedioate (1:1);
(±)-2-p-Bromo- -2-(dimethylamino)ethylbenzylpyridine maleate (1:1)
[980-71-2].
DEFINITION
Change to read:
Brompheniramine Maleate, dried at 105 for 3 h, contains NLT 98.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% USP37
of brompheniramine maleate (C16 H19 BrN2 ·C4 H4 O4 ).
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
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• B. Ultraviolet Absorption 197U
Sample solution: 35 µg/mL in methanol
The retention times of the maleic acid and brompheniramine peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay. USP37
ASSAY
Change to read:
• Procedure
Sample solution: 425 mg of previously dried Brompheniramine Maleate in 50 mL of glacial
acetic acid
Analysis: Add 1 drop of crystal violet TS to the Sample solution. Titrate with 0.1 N
perchloric acid VS to a green endpoint. Perform a blank determination, and make any
necessary correction. Each mL of 0.1 N perchloric acid is equivalent to 21.77 mg of
brompheniramine maleate (C16 H19 BrN2 ·C4 H4 O4 )
Acceptance criteria: 98.0%–100.5% on the previously dried basis
Solution A: 5.44 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to
a pH of 3.0 ± 0.1.
Solution B: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
1
95
5
20
70
30
30
70
30
31
95
5
40
95
5
Diluent: Acetonitrile and Solution A (5:95)
System suitability stock solution: 0.02 mg/mL each of USP Pheniramine Maleate RS,
USP Chlorpheniramine Maleate RS, and USP Chlorpheniramine Related Compound B RS in
Diluent. Sonicate for 1 min.
System suitability solution: 0.5 mg/mL of USP Brompheniramine Maleate RS and 2
µg/mL each of USP Pheniramine Maleate RS, USP Chlorpheniramine Maleate RS, and USP
Chlorpheniramine Related Compound B RS in Diluent, prepared as follows. Transfer 5.0
mg of USP Brompheniramine Maleate RS to a 10-mL volumetric flask, add 5.0 mL of
Diluent, and 1.0 mL of the System suitability stock solution, and dilute with Diluent to
volume.
Standard solution: 0.5 mg/mL of USP Brompheniramine Maleate RS in Diluent. Sonicate
for 1 min.
Sample solution: 0.5 mg/mL of Brompheniramine Maleate in Diluent. Sonicate for 1 min.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 225 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
[Note—The relative retention times for maleic acid and brompheniramine are 0.18 and
1.0, respectively.]
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between chlorpheniramine and brompheniramine; and NLT 2.0
between chlorpheniramine related compound B and pheniramine, System suitability
solution
Tailing factor: NMT 2.0 for brompheniramine, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of brompheniramine maleate (C16 H19 BrN2 ·C4 H4 O4 ) in the
portion of Brompheniramine Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of brompheniramine from the Sample solution
rS= peak response of brompheniramine from the Standard solution
C=
S concentration of USP Brompheniramine Maleate RS in the Standard solution (mg/mL)
C=
U concentration of Brompheniramine Maleate in the Sample solution (mg/mL)
Acceptance criteria: NLT 98.0%–NMT 102.0% on the previously dried basis USP37
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
Change to read:
• Organic Impurities
Sample solution: 40 mg/mL of Brompheniramine Maleate in methylene chloride
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 1.2-m × 4-mm; glass column containing 3% phase G3 on support S1AB
Temperature
Column: 190
Injection port: 250
Detector 250
Carrier gas: Dry helium
Flow rate: Adjust to obtain a retention time of 6–7 min for the main peak.
Injection volume: 1 µL
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System suitability
Sample: Sample solution
Suitability requirements
Tailing factor: NMT 1.8 for the brompheniramine maleate peak
Analysis
Sample: Sample solution
Record the chromatogram for a total time of NLT twice the retention time of the
brompheniramine peak, and measure the areas of the peaks.
Acceptance criteria: The total relative area of all extraneous peaks (except that of the
solvent peak and maleic acid, if observed) is NMT 2.0%.
Solution A, Solution B, Diluent, Mobile phase, System suitability solution, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 2.7 µg/mL of USP Brompheniramine Maleate RS in Diluent, equivalent
to 2.0 µg/mL of brompheniramine. Sonicate 1 min.
Sensitivity solution: 0.74 µg/mL of USP Pheniramine Maleate RS in Diluent
Sample solution: 0.5 mg/mL of Brompheniramine Maleate in Diluent. Sonicate for 1 min.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between chlorpheniramine and brompheniramine; and NLT 2.0
between chlorpheniramine related compound B and pheniramine, System suitability
solution
Signal-to-noise ratio: NLT 10 for pheniramine, Sensitivity solution
Relative standard deviation: NMT 5.0% for brompheniramine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Brompheniramine Maleate
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of brompheniramine from the Standard solution
C=
S concentration of brompheniramine in the Standard solution (mg/mL)
C=
U concentration of Brompheniramine Maleate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard any peak having areas less than 0.05% of
brompheniramine.

Name

Table 2
Relative
Retention
Time

Maleic acida
Chlorpheniramine related compound Bb
Pheniramine

0.18
0.46
0.53

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
—
—
—
0.45
0.4
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Chlorpheniramine
0.94
1.1
0.4
Brompheniramine
1.0
—
—
Any other unspecified impurity
—
1.0
0.10
Total impurities
—
—
1
a Salt counter ion is included in the table for identification purposes only.
b Di(pyridin-2-yl)amine. Used only to establish the system suitability.
USP37

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 130 –135

USP37

Add the following:
• Optical Rotation, Specific Rotation
Sample: 100 mg/mL in water

781

Acceptance criteria: -0.2 to +0.2 , measured in a 20-cm tube

USP37

• pH 791
Sample: 10 mg/mL
Acceptance criteria: 4.0–5.0
• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Brompheniramine Maleate RS
USP Chlorpheniramine Maleate RS
USP Chlorpheniramine Related Compound B RS
Di(pyridin-2-yl)amine.
C10 H9 N3
171.20
USP Pheniramine Maleate RS

USP37

BRIEFING
Chloroxylenol, USP 35 page 2635. As part of the USP monograph modernization effort, it is
proposed to make the following revisions:
Replace the packed-column gas chromatography (GC) procedure with a capillary-column
GC in the Assay and Organic Impurities procedures. This procedure provides better
precision and system suitability parameters and also replaces toxic chloroform
solvent with toluene in sample preparations. In addition, reagent parachlorophenol
was replaced with the corresponding USP Parachlorophenol RS. The proposed
procedure is based on analyses performed with a J&W Scientific, DB-35 brand of G42
column. The typical retention time for chloroxylenol is about 11 min.
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Add Identification test B, GC retention time agreement of the major peak, as obtained in
the Assay.
Delete the Melting Range test because more specific spectroscopic and
chromatographic procedures for Organic Impurities are already included in the
monograph.
(SM1: B. Davani.)
Correspondence Number—C96967

Comment deadline: January 31, 2013
Chloroxylenol

C8 H9 ClO

156.61

Phenol, 4-chloro-3,5-dimethyl-;
4-Chloro-3,5-xylenol
[88-04-0].
DEFINITION
Chloroxylenol contains NLT 98.5% of chloroxylenol (C8 H9 ClO).
IDENTIFICATION
• A. Infrared Absorption 197K
Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP37
ASSAY
Change to read:
• Procedure
Internal standard solution: 0.8 mg/mL of p-chlorophenol in chloroform
Standard solution: 1 mg/mL of USP Chloroxylenol RS in the Internal standard solution
Sample solution: 1 mg/mL of Chloroxylenol in the Internal standard solution
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 4-mm × 1.8-m packed with 3% phase G16 on support S1A
Temperature
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Column: 210
Injection port: 210
Detector: 210
Carrier gas: Dry nitrogen
Flow rate: 30 mL/min
Injection volume: 2 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 2.0 between the p-chlorophenol peak and the chloroxylenol peak
Tailing factor: NMT 1.5 for the chloroxylenol peak
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of chloroxylenol (C8 H9 ClO) in the portion of Chloroxylenol taken:
Result = (RU/RS) × CS/CU) × 100
RU= peak area ratio of the chloroxylenol peak to that of the p-chlorophenol peak from the
Sample solution
RS= peak area ratio of the chloroxylenol peak to that of the p-chlorophenol peak from the
Standard solution
C=
S concentration of Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: NLT 98.5% of chloroxylenol (C8 H9 ClO)
Internal standard solution: 4 mg/mL of USP Parachlorophenol RS in toluene
Standard solution: 1 mg/mL of USP Chloroxylenol RS prepared as follows. Transfer 10
mg of USP Chloroxylenol RS to a 10.0-mL volumetric flask, add 2.0 mL of the Internal
standard solution, and dilute with toluene to volume.
Sample solution: 1 mg/mL of chloroxylenol prepared as follows. Transfer 10 mg of
Chloroxylenol to a 10.0 mL volumetric flask, add 2.0 mL of the Internal standard
solution, and dilute with toluene to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.32-mm × 30-m; coated with a 0.50-µm film of phase G42
Temperatures
Injection port: 250
Detector: 250
Column: See Table 1.
Table 1
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Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
105
0
105
1
105
6
190
8
Carrier gas: Helium
Flow rate: 2.4 mL/min
Injection volume: 2 µL
Split ratio: 25:1
Run time: 23 min
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 5.0 between the parachlorophenol peak and the chloroxylenol peak
Tailing factor: NMT 1.5 for the chloroxylenol peak
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of chloroxylenol (C8 H9 ClO) in the portion of Chloroxylenol
taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak area ratio of the chloroxylenol peak to that of the parachlorophenol peak from
the Sample solution
RS= peak area ratio of the chloroxylenol peak to that of the parachlorophenol peak from
the Standard solution
C=
S concentration of chloroxylenol in the Standard solution (mg/mL)
C=
U concentration of Chloroxylenol in the Sample solution (mg/mL)
Acceptance criteria: NLT 98.5% USP37
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Iron 241
Sample: 0.10 g
Analysis: Transfer the Sample to a suitable crucible, add 5 drops of sulfuric acid, and
ignite at a low heat until thoroughly ashed. Add 10 drops of sulfuric acid to the carbonized
mass, and heat cautiously until white fumes are no longer evolved. Ignite, preferably in a
muffle furnace, at 500 –600 , until the carbon is completely burned off. Cool, add 4 mL of
6 N hydrochloric acid, cover, digest on a steam bath for 15 min, uncover, and slowly
evaporate on a steam bath to dryness. Moisten the residue with 1 drop of hydrochloric
acid, add 10 mL of hot water, and digest for 2 min. Dilute with water to 25 mL. Filter, if
necessary. Rinse the crucible and the filter with 10 mL of water, combining the filtrate and
rinsing in a 50-mL color-comparison tube, add 2 mL of hydrochloric acid, dilute with water
to 47 mL, and mix.
Acceptance criteria: NMT 0.01%
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Change to read:
• Organic Impurities
Standard solution: 0.08 mg/mL each of 3,5-dimethylphenol and USP Chloroxylenol Related
Compound A RS in chloroform
Sample solution: 40.0 mg/mL of chloroxylenol in chloroform
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 4-mm × 1.8-m column packed with 3% phase G16 on support S1A
Temperature
Column: 180
Injection port: 200
Detector: 200
Carrier gas: Dry nitrogen
Flow rate: 30 mL/min
Injection volume: 1 µL
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 4.5 between 3,5-dimethylphenol and chloroxylenol related compound
A
Relative standard deviation: NMT 10%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of 3,5-dimethylphenol (C8 H10 O) and chloroxylenol related
compound A (C8 H9 ClO) in the portion of Chloroxylenol taken:
Result = (rU/rS) × 100
r=
U peak area of the appropriate analyte from the Sample solution
r=
S peak area of the appropriate analyte from the Standard solution
Calculate the percentage of each impurity in the portion of Chloroxylenol taken:
Result = (rU/rT) × 100
r=
U area of each peak from the Sample solution, excluding that of the main chloroxylenol
peak, the 3,5-dimethylphenol peak, and the chloroxylenol related compound A peak
r=
T sum of the areas of all the peaks
Calculate the percentage of total impurities in the portion of Chloroxylenol taken:
Result = (rT/rS) × 100
r=
T sum of the areas of all the peaks from the Sample solution, excluding that of the main
chloroxylenol peak
r=
S sum of the areas of all the peaks from the Sample solution
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Acceptance criteria
3,5-Dimethylphenol: NMT 0.2%
Chloroxylenol related compound A: NMT 0.2%
Any individual impurity: NMT 0.5%
Total impurities: NMT 1.5%
Standard solution: 0.02 mg/mL each of 3,5-dimethylphenol and USP Chloroxylenol
Related Compound A RS in toluene
Sample solution: 10.0 mg/mL of chloroxylenol in toluene
Chromatographic system: Proceed as directed in the Assay.
System suitability
Sample: Standard solution
[Note—For relative retention times, see Table 2.]
Suitability requirements
Resolution: NLT 8 between 3,5-dimethylphenol and chloroxylenol related compound
A
Relative standard deviation: NMT 3%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of 3,5-dimethylphenol (C8 H10 O) and chloroxylenol related
compound A (C8 H9 ClO) in the portion of Chloroxylenol taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the appropriate analyte from the Sample solution
rS= peak response of the 3,5-dimethylphenol or chloroxylenol related compound A from
the Standard solution
C=
S concentration of 3,5-dimethylphenol or chloroxylenol related compound A in the
Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Calculate the percentage of each unspecified impurity in the portion of Chloroxylenol
taken:
Result = (rU/rT) × 100
r=
U peak response of each unspecified impurity from the Sample solution
r=
T sum of all the peak responses
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
3,5-Dimethylphenol
0.58
0.2
Chloroxylenol related compound A
0.64
0.2
Chloroxylenol
1.0
—
Any individual impurity
—
0.5
Total impurities
—
1.5
USP37
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SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature
• Water Determination, Method I

741 : 114 –116

USP37

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Chloroxylenol RS
USP Chloroxylenol Related Compound A RS
2-Chloro-3,5-dimethylphenol.
USP Parachlorophenol RS

USP37

BRIEFING
Chlorpheniramine Maleate, USP 35 page 2636. As part of USP's modernization initiative, it is
proposed to revise the monograph as follows.
1.
Replace the titration Assay with an HPLC method validated using a Waters XTerra RP 18
brand of L1 column. The typical retention time for chlorpheniramine is about 20 min.
Revise the Acceptance criteria from NLT 98.0% and NMT 100.5% to NLT 98.0% and
NMT 102.0% to reflect the change in the Assay procedure.
2.
Replace the Organic Impurities procedure that uses packed-column GC with an HPLC
method validated using a Waters XTerra RP 18 brand of L1 column. The typical
retention time for chlorpheniramine is about 20 min. The impurities Acceptance
criteria are taken from the 7th edition of the European Pharmacopoeia.
3.
Delete the nonspecific Melting Range or Temperature test. This test is no longer
necessary because a specific HPLC-based Organic Impurities test is being added.
4.
Add a second Identification test based on an HPLC retention time agreement for both
maleic acid and chlorpheniramine.
5.
Add the Optical Rotation test from the 7th edition of the European Pharmacopoeia.
6.
Add the new Reference Standards used in the Assay and in the test for Organic
Impurities to the Reference Standards

11

section.

(SM4: D. Vicchio.)
Correspondence Number—C109903

Comment deadline: January 31, 2013
Chlorpheniramine Maleate

C16 H19 ClN2 ·C4 H4 O4
2-Pyridinepropanamine,

390.86
-(4-chlorophenyl)-N,N-dimethyl-, (Z)-2-butenedioate (1:1);
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2-[p-Chloro- -[2-(dimethylamino)ethyl]benzyl] pyridine maleate (1:1)

[113-92-8].

DEFINITION
Change to read:
Chlorpheniramine Maleate contains NLT 98.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% USP37
of chlorpheniramine maleate (C16 H19 ClN2 ·C4 H4 O4 ), calculated on the dried basis.
IDENTIFICATION
• Infrared Absorption 197K
Add the following:
• B. The retention times of the maleic acid and chlorpheniramine peaks of the Sample
solution correspond to those of the Standard solution, as obtained in the Assay. USP37
ASSAY
Change to read:
• Procedure
Sample solution: 500 mg in 20 mL of glacial acetic acid
Analysis: Add 2 drops of Crystal Violet TS to the Sample solution. Titrate with 0.1 N
perchloric acid VS. Perform a blank determination, and make any necessary correction.
Each mL of 0.1 N perchloric acid is equivalent to 19.54 mg of chlorpheniramine maleate
(C16 H19 ClN2 ·C4 H4 O4 ).
Acceptance criteria: 98.0%–100.5% on the dried basis
Solution A: 5.44 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to
a pH of 3.0.
Solution B: Acetonitrile
Diluent: Acetonitrile and Solution A (5:95)
System suitability stock solution: 0.02 mg/mL each of USP Pheniramine Maleate RS,
USP Chlorpheniramine Related Compound B RS, and USP Chlorpheniramine Related
Compound C RS in Diluent. Sonicate for 1 min.
System suitability solution: 0.5 mg/mL of USP Chlorpheniramine Maleate RS and 2
µg/mL each of USP Pheniramine Maleate RS, USP Chlorpheniramine Related Compound B
RS, and USP Chlorpheniramine Related Compound C RS in Diluent, prepared as follows.
Transfer 5.0 mg of USP Chlorpheniramine Maleate RS to a 10-mL volumetric flask, add 5
mL of Diluent and 1.0 mL of the System suitability stock solution, and dilute with
Diluent to volume. Sonicate for 1 min
Standard solution: 0.5 mg/mL of USP Chlorpheniramine Maleate RS in Diluent. Sonicate
for 1 min.
Sample solution: 0.5 mg/mL of Chlorpheniramine Maleate in Diluent. Sonicate for 1 min.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
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1
20
30
31
40

95
70
70
95
95

5
30
30
5
5

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
[Note—The relative retention times of maleic acid, chlorpheniramine related compound
C, and chlorpheniramine are 0.18, 0.94 and 1.0, respectively.]
Resolution: NLT 1.5 between chlorpheniramine related compound C and
chlorpheniramine; and NLT 2.0 between chlorpheniramine related compound B and
pheniramine, System suitability solution
Tailing factor: NMT 2.0 for chlorpheniramine, Standard solution
Relative standard deviation: NMT 0.73% for chlorpheniramine, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of chlorpheniramine maleate (C16 H19 ClN2 ·C4 H4 O4 ) in the
portion of Chlorpheniramine Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of chlorpheniramine from the Sample solution
rS= peak response of chlorpheniramine from the Standard solution
C=
S concentration of USP Chlorpheniramine Maleate RS in the Standard solution (mg/mL)
C=
U concentration of Chlorpheniramine Maleate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis USP37
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
Change to read:
• Organic impurities
Sample solution: 40 mg/mL of Chlorpheniramine Maleate in methylene chloride
Chromatographic system
(See Chromatography
Mode: GC

621 , System Suitability.)
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Detector: Flame ionization detector
Column: 1.2-m × 4-mm glass column containing 3% phase G3 on support S1AB
Temperature
Column: 190
Injector: 250
Detector: 250
Carrier gas: Dry helium
Flow rate: Adjust to obtain a retention time of 4–5 min for the main peak.
Injection size: 1 µL
System suitability
Sample: Sample solution
Suitability requirements
Tailing factor: NMT 1.8
Analysis
Sample: Sample solution
Record the chromatogram for a total time of NLT twice the retention time of the
chlorpheniramine peak, and measure the areas of the peaks.
Acceptance criteria: The total relative area of all extraneous peaks (except that of the
solvent peak and maleic acid, if observed) does not exceed 2.0%.
Solution A, Solution B, Diluent, System suitability solution, Mobile phase, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 1.1 µg/mL of USP Chlorpheniramine Maleate RS in Diluent, equivalent
to 1.0 µg/mL of chlorpheniramine. Sonicate for 1 min.
Sensitivity solution: 0.28 µg/mL of USP Chlorpheniramine Maleate RS in Diluent
Sample solution: 0.5 mg/mL of Chlorpheniramine Maleate in Diluent. Sonicate for 1 min.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between chlorpheniramine related compound C and
chlorpheniramine; and NLT 2.0 between the chlorpheniramine related compound B
and pheniramine, System suitability solution
Relative standard deviation: NMT 5.0% for chlorpheniramine, Standard solution
Signal-to-noise ratio: NLT 10 for chlorpheniramine, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Chlorpheniramine Maleate
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of chlorpheniramine from the Standard solution
C=
S concentration of chlorpheniramine from the Standard solution (mg/mL)
C=
U concentration of Chlorpheniramine Maleate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
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Acceptance criteria: See Table 2. Disregard peaks having areas less than 0.05% that
of chlorpheniramine.
Table 2
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Maleic acida
0.18
—
—
b
Diamine analog
0.37
0.73
0.2
Chlorpheniramine related compound Bc
0.49
0.77
0.1
Pheniramined
0.57
—
—
Chlorpheniramine related compound Ce
0.97
1.0
0.1
Chlorpheniramine
1.0
—
—
f
Chlorpheniramine nitrile
1.19
1.0
0.1
Any other unspecified impurity
—
1.0
0.10
Total impurities
—
—
0.5
a Salt counter ion is included in the table for identification purposes only.
b 2-(4-Chlorophenyl)-4-(dimethylamino)-2-[2-(dimethylamino)ethyl]butanenitrile.
c
d
e
f

Di(pyridin-2-yl)amine.
Used only to establish the system suitability.
3-(4-Chlorophenyl)-N-methyl-3-(pyridin-2-yl)propan-1-amine.
2-(4-Chlorophenyl)-4-(dimethylamino)-2-(pyridin-2-yl)butanenitrile.

USP37

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature, Melting Range 741 : 130 –135
Add the following:
• Optical Rotation, Specific Rotation
Sample: 100 mg/mL in water

781

Acceptance criteria: -0.10 to +0.10

USP37

• Loss on Drying 731
Analysis: Dry at 105 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Chlorpheniramine Maleate RS
USP Chlorpheniramine Related Compound B RS

USP37
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Di(pyridin-2-yl)amine.
C10 H9 N3
171.20
USP Chlorpheniramine Related Compound C RS
3-(4-Chlorophenyl-N-methyl-3-(pyridin-2-yl)propan-1-amine.
C15 H17 ClN2
260.76
USP Pheniramine Maleate RS
USP37
BRIEFING
Chondroitin Sulfate Sodium, USP 35 page 1248. On the basis of comments received and as
part of the USP monograph modernization efforts, it is proposed to add a test for
Disaccharide Composition and a test for Specific Rotation as Identification test C and
Identification test D, respectively. In addition, under Specific Tests it is proposed to add a
test for Specific Disaccharides, with an enzymatic HPLC procedure included to strengthen
the monograph. The proposed enzymatic HPLC procedure is based on analyses performed
with the Thermo Scientific Hypersil SAX brand of L14 column. The typical retention times for
DDi-0S, DDi-6S, and DDi-4S are 12.9, 15.7, and 16.2 min, respectively.
(DS: H. Dinh.)
Correspondence Number—C101418

Comment deadline: January 31, 2013
Chondroitin Sulfate Sodium
Chondroitin, hydrogen sulfate, sodium salt

[9082-07-9].

DEFINITION
Chondroitin Sulfate Sodium is the sodium salt of the sulfated linear glycosaminoglycan obtained
from bovine, porcine, or avian cartilages of healthy and domestic animals used for food by
humans. Chondroitin Sulfate Sodium consists mostly of the sodium salt of the sulfate ester of
N-acetylchondrosamine (2-acetamido-2-deoxy- -d-galactopyranose) and d-glucuronic acid
copolymer. These hexoses are alternately linked -1,4 and -1,3 in the polymer.
Chondrosamine moieties in the prevalent glycosaminoglycan are monosulfated primarily on
position 4 and less so on position 6. It contains NLT 90.0% and NMT 105.0% of chondroitin
sulfate sodium, calculated on the dried basis.
[Note—Chondroitin Sulfate Sodium is extremely hygroscopic once dried. Avoid exposure to the
atmosphere, and weigh promptly.]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Sodium 191 : Meets the requirements
Sample solution: 0.5 g in 10 mL of water
Add the following:
• C. Disaccharide Composition
The chromatogram of the enzymatically digested Sample solution as obtained in the test
for Specific Disaccharides shows three main peaks corresponding to dehydrated glucuronic
acid-[1®3]-chondrosamine-4-sulfated (DDi-4S), dehydrated glucuronic acid-[1®3]-
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chondrosamine-6-sulfated (DDi-6S), and nonsulfated dehydrated glucuronic acid-[1®3]chondrosamine (DDi-0S) in the enzymatically digested Standard solution. By peak-area
response, DDi-4S is the most abundant, followed by DDi-6S, with DDi-0S being the least
abundant of the three. The ratio of the peak response of the DDi-4S to the DDi-6S is NLT
1.5. USP37
Add the following:
• D. Specific Rotation: Meets the requirements for Specific Rotation
Tests USP37

781S

in Specific

COMPOSITION
• Content of Chondroitin Sulfate Sodium
Standard solutions: 1.5, 1.0, and 0.5 mg/mL of USP Chondroitin Sulfate Sodium RS in
water
Sample solution: Transfer 100 mg of dried Chondroitin Sulfate Sodium into a 100-mL
volumetric flask, dissolve in 30 mL of water, and dilute with water to volume.
Diluent: Weigh about 297 mg of monobasic potassium phosphate, 492 mg of dibasic
potassium phosphate, and 250 mg of polysorbate 80, and transfer into a 1-L beaker.
Dissolve in 900 mL of water, and adjust with potassium hydroxide or phosphoric acid to a
pH of 7.0 ± 0.2. Dilute with water to 1 L, and mix thoroughly.
Titrimetric system
(See Titrimetry 541 .)
Mode: Photometric titration
Titrant: 1 mg/mL of cetylpyridinium chloride in water. Degas before use.
Endpoint detection: Turbidimetric with a photoelectric probe
Analysis: Transfer 5.0 mL each of the Standard solution and the Sample solution to
separate titration vessels, and add 25 mL of Diluent to each. Stir until a steady reading is
obtained with a phototrode either at 420, 550, or 660 nm. Set the instrument to zero in
absorbance mode. Titrate with Titrant using the phototrode to determine the endpoint
turbidimetrically. From a linear regression equation, calculated using the volumes of Titrant
consumed versus concentrations of the Standard solutions, determine the concentration
of chondroitin sulfate sodium in the Sample solution.
Calculate the percentage of chondroitin sulfate sodium in the portion of Chondroitin
Sulfate Sodium taken:
Result = (C/CU) × 100
C= concentration of chondroitin sulfate sodium in the aliquot of the Sample solution, from
the regression equation (mg/mL)
C=
U concentration of Chondroitin Sulfate Sodium in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–105.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : 20.0%–30.0% on the dried basis
• Chloride and Sulfate, Chloride 221 : NMT 0.50%; a 0.10-g portion shows no more
chloride than corresponds to 0.7 mL of 0.020 N hydrochloric acid.
• Chloride and Sulfate, Sulfate 221
Sample solution: Dissolve 200 mg in 40 mL of water. Add 10 mL of a 30-mg/mL solution of
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cetylpyridinium chloride, pass through a filter, and use a 25-mL portion of the filtrate.
Acceptance criteria: NMT 0.24%; the Sample solution shows no more sulfate than
corresponds to 0.25 mL of 0.020 N sulfuric acid.
Change to read:
• Electrophoretic Purity
(See Electrophoresis 726 .)
[Caution—Voltages used in electrophoresis can readily deliver a lethal shock. The hazard is
increased by the use of aqueous buffer solutions and the possibility of working in damp
environments. The equipment, with the possible exception of the power supply, should be
enclosed in either a grounded metal case or a case made of insulating material. The case
should have an interlock that deenergizes the power supply when the case is opened, after
which reactivation should be prevented until activation of a reset switch is carried out.
High-voltage cables from the power supply to the apparatus should preferably be a type in
which a braided metal shield completely encloses the insulated central conductor, and the
shield should be grounded. The base of the apparatus should be grounded metal or contain
a grounded metal rim which is constructed in such a way that any leakage of electrolyte
will produce a short which will deenergize the power supply before the electrolyte can flow
beyond the protective enclosure. If the power supply contains capacitors as part of a filter
circuit, it should also contain a bleeder resistor to ensure discharge of the capacitors
before the protective case is opened. A shorting bar that is activated by opening the case
may be considered as an added precaution. Because of the potential hazard associated
with electrophoresis, laboratory personnel should be completely familiar with
electrophoresis equipment before using it.] USP37
Barium acetate buffer: Dissolve 25.24 g of barium acetate in 900 mL of water. Adjust
with acetic acid to a pH of 5.0, and dilute with water to 1000 mL.
Staining reagent: Dissolve 1 g of toluidine blue in 1000 mL of 0.1 M acetic acid.
Standard solution A: 30 mg/mL of USP Chondroitin Sulfate Sodium RS in water
Standard solution B: Dilute 1 mL of Standard solution A with water to 50 mL.
Sample solution: 30 mg/mL of Chondroitin Sulfate Sodium in water
Analysis: Fill the chambers of an electrophoresis apparatus suitable for separations on
cellulose acetate membranes1 (a small submarine gel chamber or one dedicated to
membrane media) with Barium acetate buffer. Soak a cellulose acetate membrane, 5–6
cm × 12–14 cm, in Barium acetate buffer for 10 min, or until evenly wetted, then blot dry
between two sheets of absorbent paper. Using an applicator2 suitable for electrophoresis,
apply equal volumes (0.5 µL) of the Sample solution, Standard solution A, and Standard
solution B to the brighter side of the membrane held in position in an appropriate
applicator stand or on a separating bridge in the chamber. Ensure that both ends of the
membrane are dipped at least 0.5–1.0 cm deep into the buffer chambers. Apply a
constant 60 volts (6 mA at the start) for 2 h. [Note—Perform the application of solutions
and voltage within 5 min because further drying of the blotted paper reduces sensitivity.]
Place the membrane in a plastic staining tray, and with the application side down, float or
gently immerse in Staining reagent for 5 min. Then stir the solution gently for 1 min.
Remove the membrane, and destain in 5% acetic acid until the background clears.
Compare the bands.
[Note—Document the results by taking a picture within 15 min of completion of destaining.]
Acceptance criteria: The electropherogram from the Sample solution exhibits a major band
that is identical in position to the band from Standard solution A. The band from Standard
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solution B is clearly visible at a mobility similar to the band from Standard solution A. Any
secondary band in the electropherogram of the Sample solution is not more intense than
the band from Standard solution B. NMT 2% of any individual impurity is found. [Note
—Document the results by taking a picture within 15 min of completion of destaining.]
• Limit of Protein
Solution A: 20 mg/mL of sodium tartrate dihydrate
Solution B: 10 mg/mL of cupric sulfate
Solution C: 20 mg/mL of anhydrous sodium carbonate in 0.1 M sodium hydroxide
Dilute Folin-Ciocalteu reagent: Dilute Folin-Ciocalteu phenol TS with water (1:5). Prepare
immediately before use.
Alkaline cupric tartaric reagent: Mix 1 mL each of Solution A and Solution B, and to the
mixture slowly add 100 mL of Solution C with stirring. Use within 24 h, and discard
afterward.
Standard solution: 36 µg/mL of bovine serum albumin certified standard in water
Sample solution: Transfer a portion of Chondroitin Sulfate Sodium, equivalent to 60 mg of
the dried substance, to a 100-mL volumetric flask, and dissolve in and dilute with water to
volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength: 750 nm
Blank: Water
Analysis
Samples: Standard solution, Sample solution, and Blank
Add 2.0 mL of freshly prepared Alkaline cupric tartaric reagent to test tubes containing
2.0 mL of the Standard solution, 2.0 mL of the Sample solution, or 2.0 mL of the Blank.
After 10 min, add 1.0 mL of Dilute Folin-Ciocalteu reagent to each test tube, and mix
immediately and vigorously. After 30 min, measure the absorbance of the Standard
solution and Sample solution against the Blank.
Acceptance criteria: NMT 6.0% on the dried basis; the absorbance of the Sample solution
is NMT the absorbance of the Standard solution.
CONTAMINANTS
• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 103
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species, and Escherichia coli.
• Heavy Metals, Method II

231 : NMT 20 ppm

SPECIFIC TESTS
Add the following:
• Specific Dissaccharides
Solution A: Water adjusted with 0.1 N hydrochloric acid to a pH of 3.5
Solution B: 1 M sodium chloride adjusted with 0.1 N hydrochloric acid to a pH of 3.5
Mobile phase: See Table 1.
Table 1
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Time
Solution A Solution B
(min)
(%)
(%)
0.0
100
0
4.5
100
0
21.0
61
39
21.1
100
0
Buffer solution: 50 mM tris(hydroxymethyl)aminomethane and 60 mM sodium acetate
(1:1), adjusted with diluted hydrochloric acid to a pH of 8.0
Chondroitinase AC solution: Combine 2 units of chondroitinase AC3 and 0.5 mL of Buffer
solution. Dilute with water to 10.0 mL, and mix thoroughly.
Enzyme suitability: Dilute the digested Standard solution (see Analysis section below)
(1 in 10), and measure the absorbance at 230 nm in 1-cm path cells. Calculate the
absorptivity of the USP Chondroitin Sulfate Sodium RS:
Result = A/(C × D × d)
A= absorbance of the diluted and digested Standard solution
C= concentration of USP Chondroitin Sulfate Sodium RS in the Standard solution (mg/mL)
D= dilution factor of digested Standard solution (1/5)
d= dilution factor for the UV measurement (1/10)
Enzyme suitability requirements: The absorptivity of the digested USP Chondroitin
Sulfate Sodium RS is NLT 8 AU·mL·mg-1·cm-1.
Standard solution: 2.4 mg/mL of dried USP Chondroitin Sulfate Sodium RS in water
Sample solution: Transfer about 250 mg of dried (105 for 4 h) Chondroitin Sulfate Sodium
to a 100-mL volumetric flask, and dissolve in and dilute with water to volume.
System suitability solution: Add 1 volume of Standard solution to 1 volume of Sample
solution.
Blank: Water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 230 nm
Column: 4.6-mm × 25-cm; 5-µm packing L14
Flow rate: 1 mL/min
Injection size: 25 µL
System suitability
Samples: Standard solution and System suitability solution (prepared as directed for
Samples in the Analysis below)
[Note—The relative retention times for the DDi-0S, DDi-6S, and DDi-4S peaks are 0.80,
0.97, and 1.0, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of the Standard solution is similar to
that of the Reference Chromatogram provided with USP Chondroitin Sulfate Sodium RS.
Resolution: NLT 2.0, between the DDi-4S and DDi-6S peaks
Recovery factor: NLT 95% of the USP Chondroitin Sulfate Sodium RS added to the
Sample solution
[Note—This test is intended to demonstrate the absence of enzyme inhibition by impurities
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in the samples. Performance of this test is required only for samples not meeting the
Acceptance criteria below.]
Relative standard deviation: NMT 5.0% for the DDi-0S, DDi-4S, and DDi-6S peaks
Analysis
Samples: Standard solution, Sample solution, Sytem suitability solution, and Blank
In four separate vials, combine 4 volumes of Chondroitinase AC solution with 1 volume
each of Standard solution, Sample solution, System suitability solution, and Blank. Mix
thoroughly. Incubate at 37 C for 3 h. Allow to cool before injection. Calculate the
percentage of specific disaccharides in the sample taken:
Result = (SrU/SrS) × (CS/CU) × 100
Sr=
U sum of the peak areas of DDi-0S, DDi-4S, and DDi-6S from the Sample solution
Sr=
S sum of the peak areas of DDi-0S, DDi-4S, and DDi-6S from the Standard solution
CS= concentration of chondroitin sulfate sodium in the Standard solution (mg/mL)
CU= concentration of Chondroitin Sulfate Sodium in the Sample solution (mg/mL)
Calculate the percentage of specific disaccharides relative to the content of Chondroitin
Sulfate sodium:
Result = (SDC/CSC) × 100
SDC
= percentage of specific disaccharides content
CSC
= percentage of chondroitin sulfate sodium content from the test for Content of
Chondroitin Sulfate Sodium
Acceptance criteria: NLT 90.0% USP37
• Clarity and Color of Solution
Sample solution: Transfer 2.5 g of Chondroitin Sulfate Sodium to a 50-mL volumetric flask.
Dissolve in and dilute with carbon dioxide-free water to volume, and examine immediately.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength: 420 nm
Cell: 1 cm
Blank: Carbon dioxide-free water
Analysis: Measure the absorbance of the Sample solution.
Acceptance criteria: Its absorbance is NMT 0.35.
• Optical Rotation, Specific Rotation
Sample solution: 30 mg/mL
• pH

781S : –20.0 to –30.0

791 : 5.5–7.5, in a solution (1 in 100)

• Loss on Drying 731 : Dry a sample at 105 for 4 h: it loses NMT 10.0% of its weight.
[Note—Chondroitin Sulfate Sodium is extremely hygroscopic once dried. Avoid exposure to
the atmosphere, and weigh promptly.]
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to state the source(s) from which the article was derived, whether
bovine, porcine, avian, or a mixture of any of them.

PF 38(6): Nov.-Dec. 2012

397

• USP Reference Standards 11
USP Chondroitin Sulfate Sodium RS
1 Suitable cellulose acetate membranes for electrophoresis are available from Malta C hemetron SRL, Milano,
Italy; Fluka C hemical C orp., Milwaukee, WI; and DiaSys C orp., Waterbury, C T (www.diasys.com).
2 Suitable applicators are available from DiaSys C orp., Waterbury, C T (www.diasys.com) and Helena
Laboratories, Beaumont, TX (www.helena.com).
3

C hondroitinase AC from C hromadex, part number ASB-00003613-10.

USP37

BRIEFING
Chondroitin Sulfate Sodium, Shark. Because there is no existing USP monograph for this
dietary ingredient, a new monograph is being proposed. The liquid chromatographic
procedures in Identification test C, Specific Disaccharides and in the test for Disaccharide
Composition are based on analyses performed with the Agilent SAX brand of L14 column.
Typical retention times observed for DDi-0S, DDi-6S, DDi-4S, and DDi-2,6diS are about 15.0,
22.2, 23.6, and 29.6 min, respectively.
(DS2010: H. Dinh.)
Correspondence Number—C109090

Comment deadline: January 31, 2013
Add the following:
Chondroitin Sulfate Sodium, Shark
Chondroitin, hydrogen sulfate, sodium salt

[9007-28-7].

DEFINITION
Chondroitin Sulfate Sodium, Shark is the sodium salt of the sulfated linear glycosaminoglycan
obtained from shark cartilages used for human foods. Chondroitin Sulfate Sodium, Shark
consists mostly of the sodium salt of the sulfate ester of N-acetylchondrosamine (2-acetamido2-deoxy- -d-galactopyranose) and d-glucuronic acid copolymer. These hexoses are
alternately linked -1,4 and -1,3 in the polymer. Chondrosamine moieties in the prevalent
glycosaminoglycan are monosulfated primarily on position 6 and less so on position 4 with minor
disulfation on both positions 4 and 6. NLT 15% of the d-glucuronic acid moieties are
monosulfated on position 2. It contains NLT 90.0% and NMT 105.0% of chondroitin sulfate
sodium, calculated on the dried basis.
[Note—Chondroitin Sulfate Sodium is extremely hygroscopic once dried. Avoid exposure to the
atmosphere, and weigh promptly.]
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Sodium 191 Meets the requirements
Sample solution: 0.5 g in 10 mL of water
Acceptance criteria: Meets the requirements
• C. Specific Disaccharides: The chromatogram of the enzymatically digested Sample
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solution as obtained in the test for Disaccharide Composition shows three main peaks due
to 6-sulfated (DDi-6S), 4-sulfated (DDi-4S), and 2,6-disulfated (DDi-2,6diS) disaccharides,
corresponding to those of the enzymatically digested Standard solution, with DDi-6S being
the most abundant, followed by DDi-4S, with NLT 15% corresponding to DDi-2,6diS.
Additional minor peaks corresponding to nonsulfated (DDi-0S) and 4,6 disulfation may be
detected.
• D. Specific Rotation: Meets the requirements under the Specific Tests
COMPOSITION
• Content of Chondroitin Sulfate Sodium
Standard solutions: 1.5, 1.0, and 0.5 mg/mL of dried USP Chondroitin Sulfate Sodium,
Shark RS in water
Sample solution: Transfer 100 mg of dried Chondroitin Sulfate Sodium, Shark into a 100mL volumetric flask, dissolve in 30 mL of water, and dilute with water to volume.
Diluent: Weigh about 297 mg of monobasic potassium phosphate, 492 mg of dibasic
potassium phosphate, and 250 mg of polysorbate 80, and transfer to a 1-L beaker.
Dissolve in 900 mL of water, and adjust with potassium hydroxide or phosphoric acid to a
pH of 7.0 ± 0.2. Dilute with water to 1 L, and mix thoroughly.
Titrimetric system
(See Titrimetry 541 .)
Mode: Photometric titration
Titrant: 1 mg/mL of cetylpyridinium chloride in water. Degas before use.
Endpoint detection: Turbidimetric with a photoelectric probe
Analysis: Transfer 5.0 mL each of the Standard solution and the Sample solution to
separate titration vessels, and add 25 mL of Diluent to each. Stir until a steady reading is
obtained with the photoelectric probe set either at 420, 550, or 660 nm. Set the
instrument to zero in absorbance mode. Titrate with Titrant using the the photoelectric
probe to determine the endpoint turbidimetrically. From a linear regression equation,
calculated using the volumes of Titrant consumed versus concentrations of the Standard
solutions, determine the concentration of chondroitin sulfate sodium in the Sample
solution.
Calculate the percentage of chondroitin sulfate sodium in the portion of Chondroitin
Sulfate Sodium, Shark taken:
Result = (C/CU) × 100
C= concentration of chondroitin sulfate sodium in the aliquot of the Sample solution,
obtained from the regression equation (mg/mL)
C=
U concentration of Chondroitin Sulfate Sodium, Shark in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–105.0% on the dried basis
• Disaccharide Composition
Solution A: Water adjusted with 0.1 N hydrochloric acid to a pH of 3.5
Solution B: 1 M sodium chloride adjusted with 0.1 N hydrochloric acid to a pH of 3.5
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
100
0
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4.0
100
0
45.0
50
50
45.1
100
0
Buffer solution: 50 mM tris(hydroxymethyl)aminomethane and 60 mM sodium acetate
(1:1), adjusted with diluted hydrochloric acid to a pH of 8.0
Standard solution: 2.4 mg/mL of dried USP Chondroitin Sulfate Sodium, Shark RS in water
Sample solution: Transfer about 250 mg of dried Chondroitin Sulfate Sodium, Shark to a
100-mL volumetric flask, and dissolve and dilute with water to volume. Filter the solution
to obtain a clear solution.
Blank: Water
Chondroitinase ABC solution: Dissolve 1 unit (U/mg of protein) of chondroitinase ABC1 in
10.0 mL of Buffer solution. Mix thoroughly.
Chondroitinase ABC solution suitability: Dilute the incubated Standard solution 1 in 10,
and measure its absorbance against the Blank at 232 nm. The absorptivity is NLT 8
AU·mL·mg 1·cm 1.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 232 nm
Column: 4.6-mm × 25-cm; 5-µm packing L14
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution (prepared per Analysis below)
[Note—The relative retention times for the DDi-0S, DDi-6S, DDi-4S, and DDi-2,6diS peaks
are 0.50, 0.75, 0.80, and 1.0, respectively.]
Suitability requirements
Chromatogram similarity: The chromatogram of the Standard solution is similar to the
reference chromatogram provided with USP Chondroitin Sulfate Sodium, Shark RS.
Resolution: NLT 2.0 between the DDi-6S and DDi-4S peaks
Relative standard deviation: NMT 5.0% for the DDi-6S, DDi-4S, or DDi-2,6diS peaks
Analysis
Samples: Blank, Standard solution, and Sample solution
In three separate vials, combine 0.8 mL of Buffer solution, 0.1 mL of Chondroitinase ABC
solution, and 1.0 mL each of the Blank, Standard solution, and Sample solution. Mix
thoroughly. Incubate at 37 for 3 h. Allow the solution to cool to room temperature, and
centrifuge prior to injection. Calculate the percentage of each disaccharide in the sample
taken:
Result = (rU/SrU) × 100
rU= peak area of DDi-0S, DDi-6S, DDi-4S, or DDi-2,6diS from the Sample solution
Sr=
U sum of the peak areas of DDi-0S, DDi-6S, DDi-4S, and DDi-2,6diS from the Sample
solution
Acceptance criteria: The area percentage of the DDi-6S peak is greater than that of the
DDi-4S peak, and the area percentage of the DDi-2,6diS peak is the lowest of the three.
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The area percentage of the DDi-2,6diS peak is NLT 15%.
IMPURITIES
• Residue on Ignition 281 : 20.0%–30.0% on the dried basis
• Chloride and Sulfate, Chloride 221
Standard solution: 0.7 mL of 0.020 N hydrochloric acid
Sample: 0.1 g
Aceptance criteria: NMT 0.50%
• Chloride and Sulfate, Sulfate 221
Standard solution: 0.25 mL of 0.020 N sulfuric acid
Sample solution: Dissolve 200 mg in 40 mL of water. Add 10 mL of a solution of
cetylpyridinium chloride having a concentration of 30 mg/mL, and pass through a filter.
Use a 25-mL portion of the filtrate.
Acceptance criteria: NMT 0.24%; the Sample solution shows no more sulfate than that of
the Standard solution.
• Electrophoretic Purity
[Caution—Voltages used in electrophoresis can readily deliver a lethal shock. The hazard
is increased by the use of aqueous buffer solutions and the possibility of working in damp
environments. The equipment, with the possible exception of the power supply, should be
enclosed in either a grounded metal case or a case made of insulating material. The case
should have an interlock that deenergizes the power supply when the case is opened, after
which reactivation should be prevented until activation of a reset switch is carried out.
High-voltage cables from the power supply to the apparatus should preferably be a type in
which a braided metal shield completely encloses the insulated central conductor, and the
shield should be grounded. The base of the apparatus should be grounded metal or contain
a grounded metal rim which is constructed in such a way that any leakage of electrolyte
will produce a short which will deenergize the power supply before the electrolyte can flow
beyond the protective enclosure. If the power supply contains capacitors as part of a filter
circuit, it should also contain a bleeder resistor to ensure discharge of the capacitors
before the protective case is opened. A shorting bar that is activated by opening the case
may be considered as an added precaution. Because of the potential hazard associated
with electrophoresis, laboratory personnel should be completely familiar with
electrophoresis equipment before using it.]
Barium acetate buffer: Dissolve 25.24 g of barium acetate in 900 mL of water. Adjust
with acetic acid to a pH of 5.0, and dilute with water to 1000 mL.
Staining reagent: Dissolve 1 g of toluidine blue in 1000 mL of 0.1 M acetic acid.
Standard solution A: 30 mg/mL of USP Chondroitin Sulfate Sodium, Shark RS in water
Standard solution B: Dilute 1 mL of Standard solution A with water to 50 mL.
Sample solution: 30 mg/mL of Chondroitin Sulfate Sodium, Shark in water
Analysis: Fill the chambers of an electrophoresis apparatus suitable for separations on
cellulose acetate membranes2 (a small submarine gel chamber or one dedicated to
membrane media) with Barium acetate buffer. Soak a cellulose acetate membrane, 5–6
cm × 12–14 cm, in Barium acetate buffer for 10 min, or until evenly wetted, then blot dry
between two sheets of absorbent paper. Using an applicator3 suitable for electrophoresis,
apply equal volumes (0.5 µL) of the Sample solution, Standard solution A, and Standard
solution B to the brighter side of the membrane held in position in an appropriate
applicator stand or on a separating bridge in the chamber. Ensure that both ends of the
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membrane are dipped at least 0.5–1.0 cm deep into the buffer chambers. Apply a
constant 60 volts (6 mA at the start) for 2 h. [Note—Perform the application of solutions,
and voltage within 5 min because further drying of the blotted paper reduces sensitivity.]
Place the membrane in a plastic staining tray, and with the application side down, float or
gently immerse in the Staining reagent for 5 min. Then stir the solution gently for 1 min.
Remove the membrane, and destain in 5% acetic acid until the background clears.
Compare the bands.
[Note—Document the results by taking a picture within 15 min of the completion of
destaining.]
Acceptance criteria: The electropherogram from the Sample solution exhibits a major band
that is identical in position to the band from Standard solution A. The band from Standard
solution B is clearly visible at a mobility similar to the band from Standard solution A. Any
secondary band in the electropherogram of the Sample solution is not more intense than
the band from Standard solution B. NMT 2% of any individual impurity in Chondroitin
Sulfate Sodium, Shark is found. [Note—Document the results by taking a picture within 15
min of completion of destaining.]
• Limit of Protein
Solution A: 20 mg/mL of sodium tartrate dihydrate
Solution B: 10 mg/mL of cupric sulfate
Solution C: 20 mg/mL of anhydrous sodium carbonate in 0.1 M sodium hydroxide
Dilute Folin-Ciocalteu reagent: Dilute Folin-Ciocalteu phenol TS with water (1:5). Prepare
immediately before use.
Alkaline cupric tartaric reagent: Mix 1 mL each of Solution A and Solution B, and to the
mixture slowly add 100 mL of Solution C with stirring. Use within 24 h, and discard
afterward.
Standard solution: 36 µg/mL of bovine serum albumin certified standard in water
Sample solution: Transfer a portion of Chondroitin Sulfate Sodium, Shark, equivalent to 60
mg of the dried substance, to a 100-mL volumetric flask, and dissolve in and dilute with
water to volume.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength: 750 nm
Blank: Water
Analysis
Samples: Standard solution, Sample solution, and Blank
Add 2.0 mL of freshly prepared Alkaline cupric tartaric reagent to three test tubes, each
containing 2.0 mL of the Standard solution, 2.0 mL of the Sample solution, or 2.0 mL of
the Blank. After 10 min, add 1.0 mL of Dilute Folin-Ciocalteu reagent to each test tube,
and mix immediately and vigorously. After 30 min, measure the absorbance of the
Standard solution and Sample solution against the Blank.
Acceptance criteria: NMT 6.0% on the dried basis; the absorbance of the Sample solution
is NMT the absorbance of the Standard solution.
CONTAMINANTS
• Elemental Impurities—Procedures
Acceptance criteria
Arsenic: NMT 2.0 µg/g

233
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Cadmium: NMT 1.0 µg/g
Lead: NMT 1.0 µg/g
Mercury: NMT 1.0 µg/g
• Microbial Enumeration Tests 2021 : The total bacterial count does not exceed 103
cfu/g, and the total combined molds and yeasts count does not exceed 102 cfu/g.
• Absence of Specified Microorganisms 2022 : It meets the requirements of the tests for
absence of Salmonella species, and Escherichia coli.
SPECIFIC TESTS
• Clarity and Color of Solution
Sample solution: Transfer 2.5 g of Chondroitin Sulfate Sodium, Shark to a 50-mL
volumetric flask. Dissolve in and dilute with carbon dioxide-free water to volume, and
examine immediately.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Analytical wavelength: 420 nm
Cell: 1 cm
Blank: Carbon dioxide-free water
Analysis: Measure the absorbance of the Sample solution.
Acceptance criteria: The absorbance is NMT 0.35.
• Optical Rotation, Specific Rotation 781S
Sample solution: 30 mg/mL in water
Acceptance criteria:

12.0 to

23.0

• pH 791
Sample solution: 10 mg/mL
Acceptance criteria: 5.5–7.5
• Loss on Drying 731
Analysis: Dry a sample at 105 for 4 h. [Note—Chondroitin Sulfate Sodium, Shark is
extremely hygroscopic once dried. Avoid exposure to the atmosphere, and weigh
promptly.]
Acceptance criteria: NMT 12.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• Labeling: Label it to state the source(s) from which the article was derived.
• USP Reference Standards 11
USP Chondroitin Sulfate Sodium, Shark RS
USP37

1 C hondroitinase ABC from Proteus vulgaris is available from Sigma (www.sigmaaldrich.com), C atalog
Number C 3667.
2 Suitable cellulose acetate membranes for electrophoresis are available from Malta C hemetron SRL, Milano,
Italy; Fluka C hemical C orp., Milwaukee, WI; and DiaSys C orp., Waterbury, C T (www.diasys.com).
3 Suitable applicators are available from DiaSys C orp., Waterbury, C T (www.diasys.com) and Helena
Laboratories, Beaumont, TX (www.helena.com).
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BRIEFING
Codeine Phosphate, USP 35 page 2758. As part of the USP monograph modernization
initiative, it is proposed to make the following changes:
1.
Add an Identification test based on the HPLC retention times of the major peaks of the
Sample solution and Standard solution in the Assay.
2.
Replace the titration procedure in the Assay with a validated HPLC procedure, and
change the percentage range in the Definition in keeping with the precision of the
HPLC procedure. The proposed liquid chromatographic procedures are based on
analyses performed with a Metachem Inertsil ODS-2 brand of L1 column. The typical
retention time for codeine is about 11.5 min.
3.
In the test for Organic Impurities, replace the TLC-based chromatographic procedure
with a test based on a stability-indicating HPLC procedure that uses a Metachem
Inertsil ODS-2 brand of L1 column. The typical retention time for codeine is about
11.5 min.
4.
Delete the wet chemistry test for Limit of morphine, because morphine is included in
the proposed test for Organic Impurities.
5.
To the Reference Standards section add one new USP Reference Standard, USP
Codeine System Suitability Mixture C11 RS, used in the proposed HPLC procedure in
the Assay and in the test for Organic Impurities.
(SM2: C. Anthony.)
Correspondence Number—C93712

Comment deadline: January 31, 2013
Codeine Phosphate
C18 H21 NO3 ·H3 PO4 ·½H2 O
406.37
C18 H21 NO3 ·H3 PO4
397.37
Morphinan-6-ol, 7,8-didehydro-4,5-epoxy-3-methoxy-17-methyl-, (5 ,6 )-, phosphate (1:1)
(salt), hemihydrate;
7,8-Didehydro-4,5 -epoxy-3-methoxy-17-methylmorphinan-6 -ol phosphate (1:1) (salt)
hemihydrate
[41444-62-6].
Anhydrous
[52-28-8].
DEFINITION
Change to read:
Codeine Phosphate contains NLT 99.0% and NMT 101.5%
NLT 97.0% and NMT 101.0% USP37
of codeine phosphate (C18 H21 NO3 ·H3 PO4 ), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Procedure
Analysis: Neutralize a 20-mg/mL solution with 6 N ammonium hydroxide, and add silver
nitrate TS.
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Acceptance criteria: A yellow precipitate of silver phosphate is formed. It is soluble in 2 N
nitric acid and in 6 N ammonium hydroxide.
Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP37
ASSAY
Change to read:
• Procedure
Sample: 1 g of Codeine Phosphate
Titrimetric system
Mode: Direct titration
Titrant: 0.1N perchloric acid VS
Endpoint detection: Potentiometric
Analysis: Dissolve the Sample in 50 mL of glacial acetic acid, warming slightly if necessary
to effect solution. Titrate with Titrant and determine the endpoint potentiometrically.
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
perchloric acid is equivalent to 39.74 mg of C18 H21 NO3 ·H3 PO4 .
Buffer: 2 g/L of monobasic potassium phosphate in water
Solution A: 1 g/L of sodium heptane sulfonate in methanol and Buffer (30:70). Adjust
with phosphoric acid to a pH of 3.0 ± 0.1.
Solution B: 1 g/L of sodium heptane sulfonate in methanol and Buffer (55:45). Adjust
with phosphoric acid to a pH of 3.0 ± 0.1.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0.0
100
0
16
0
100
16.5
100
0
24
100
0
System suitability solution: 1 mg/mL of USP Codeine System Suitability Mixture C11 RS
in Solution A
Standard solution: 1.3 mg/mL of USP Codeine Phosphate RS in Solution A
Sample solution: 1.3 mg/mL of Codeine Phosphate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
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Suitability requirements
Resolution: NLT 2.5 between codeine N-oxide and codeine, and NLT 2.5 between
codeine and norcodeine, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of codeine phosphate (C18 H21 NO3 ·H3 PO4 ) in the portion of
Codeine Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Codeine Phosphate RS in the Standard solution (mg/mL)
C=
U concentration of Codeine Phosphate in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–101.0% on the anhydrous basis USP37
IMPURITIES
Change to read:
• Organic Impurities
Diluent: dehydrated alcohol and 0.01 N hydrochloric acid (1:4)
Sample solution A: 40 mg/mL in Diluent
Sample solution B: 0.8 mg/mL from Sample solution A in Diluent
Sample solution C: 0.4 mg/mL from Sample solution A in Diluent
Spray reagent: To a 3 mg/mL chloroplatinic acid solution add 60 mg/mL of potassium
iodide solution (1:1)
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel
Application volume: 10 µL
Developing solvent system: Dehydrated alcohol, cyclohexane, and ammonium
hydroxide (12:5:1)
Analysis
Samples: Sample solution A, Sample solution B, and Sample solution C
Apply each of the Sample solutions to the plate. Allow the spots to dry, and develop the
chromatogram in the Developing solvent system until the solvent front has moved threefourths of the length of the plate. Remove the plate from the developing chamber, and
allow the solvent to evaporate. Spray the plate with Spray reagent, and examine the
chromatogram.
Acceptance criteria: No spot from Sample solution A, other than the principal spot and
any spot observed at the origin, is more intense than the principal spot from Sample
solution B (2%); and NMT one such spot having an RF greater than that of the principal
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spot is more intense than the principal spot from Sample solution C (1%).
Buffer, Solution A, Solution B, Mobile phase, System suitability solution, Sample
solution, Chromatographic system, and Suitability requirements: Proceed as
directed in the Assay.
Standard solution: 0.002 mg/mL of USP Codeine Phosphate RS in Solution A
Analysis
Samples: Standard solution and Sample solution
Calculate the percentages of each impurity in the portion of Codeine Phosphate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Codeine Phosphate RS in the Standard solution (mg/mL)
C=
U concentration of Codeine Phosphate in the Sample solution (mg/mL)
Acceptance criteria: See Table 2.
Table 2
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Morphine
0.67
0.15
10-Hydroxycodeine
0.77
0.15
Codeine N-oxide
0.90
0.15
Codeine
1.0
—
Norcodeine
1.1
0.15
Codeinone
1.2
0.15
Codeine methyl ether
1.3
1.0
Individual unspecified impurity
—
0.1
Total impurities
—
1.0
USP37

Delete the following:
• Limit of Morphine
Analysis: Dissolve 50 mg of potassium ferricyanide in 10 mL of water, add 1 drop of ferric
chloride TS, and 1 mL of 10 mg/mL Codeine Phosphate solution.
Acceptance criteria: No blue color is produced immediately. USP37
SPECIFIC TESTS
• Acidity
Sample: Dissolve 100 mg in 20 mL of water.
Titrant: 0.010 N sodium hydroxide
Analysis: Titrate with Titrant to a pH of 5.4, using a pH meter.
Acceptance criteria: NMT 1.0 mL of Titrant is required.
• Water Determination, Method I
• Chloride and Sulfate, Chloride
Sample solution: 10 mg/mL

921 : NMT 3.0%
221
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Analysis: Acidify 10 mL of the Sample solution with nitric acid, and add a few drops of
silver nitrate TS.
Acceptance criteria: No opalescence is produced immediately.
• Chloride and Sulfate, Sulfate 221
Sample solution: 10 mg/mL
Analysis: Add a few drops of barium chloride TS to 10 mL of the Sample solution.
Acceptance criteria: No turbidity is produced immediately.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store up to 40 as
permitted by the manufacturer.
Change to read:
• USP Reference Standards 11
USP Codeine Phosphate RS
USP Codeine System Suitability Mixture C11 RS
A mixture of codeine, morphine, codeine N-oxide, norcodeine, and codeine methyl
ether. USP37
BRIEFING
Codeine Sulfate Oral Solution. Because there is no existing USP monograph for this drug
product, a new monograph is being proposed. The liquid chromatographic procedures in the
Assay and the test for Organic Impurities were validated using the Sunfire C18 brand of L1
column, from which codeine elutes at about 11 min.
(SM2: C. Anthony.)
Correspondence Number—C98365

Comment deadline: January 31, 2013
Add the following:
Codeine Sulfate Oral Solution
DEFINITION
Codeine Sulfate Oral Solution contains NLT 93.0% and NMT 105.0% of the labeled amount of
codeine sulfate [(C18 H21 NO3 )2 ·H2 SO4 ].
IDENTIFICATION
• A. The retention time of the codeine peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Thin-Layer Chromatography
Diluent: Methanol and water (25:75)
Standard solution: 1 mg/mL of USP Codeine Sulfate RS in Diluent
Sample solution: 1 mg/mL of codeine sulfate in Diluent
Chromatographic system
Mode: TLC
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
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Application volume: 10 µL
Developing solvent system: Methanol, ethyl acetate, water, and ammonium hydroxide
(135: 85: 1: 0.5)
Analysis
Samples: Standard solution and Sample solution
Develop the plate until the solvent front has moved about three-fourths of the length of
the plate, remove it, mark the solvent front, and allow the solvent to evaporate. Place
the plate in an iodine chamber, and visualize it for NLT 5 min.
Acceptance criteria: The principal spot from the Sample solution corresponds in RF value
to that from the Standard solution.
ASSAY
• Procedure
[Note—Solutions are stable for 4 days at room temperature when stored in amber glassware.]
Buffer: 0.02 M ammonium acetate. Dissolve 1.54 g of ammonium acetate in 1 L of water,
and adjust with glacial acetic acid to a pH of 4.2 ± 0.1.
Solution A: Dissolve 1.71 g of sodium decanesulfonic acid in 1 L of methanol and Buffer
mixture (33:67). Pass through a filter of 0.45-µm pore size.
Solution B: Dissolve 1.71 g of sodium decanesulfonic acid in 1 L of methanol and Buffer
mixture (63:37). Pass through a filter of 0.45-µm pore size.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
3.3
60
40
20
0
100
21
0
100
22
100
0
28
100
0
Diluent: Methanol and water (25:75)
Standard solution: 1.2 mg/mL of USP Codeine Sulfate RS in Diluent. Prepare by adding
70% of the flask volume of Diluent, and sonicate to dissolve. Dilute with Diluent to volume.
Sample solution: 1.2 mg/mL of codeine sulfate in Diluent, prepared by adding 70% of the
flask volume of Diluent, then swirling, and letting it sit for 10 min. Dilute with Diluent to
volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L1
Column temperature: 40 ± 2
Flow rate: 1.2 mL/min
Injection volume: 30 µL
System suitability
Sample: Standard solution
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Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of codeine sulfate [(C18 H21 NO3 )2 ·H2 SO4 ] in each mL of Oral
Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Codeine Sulfate RS in the Standard solution (mg/mL)
C=
U nominal concentration of codeine sulfate in the Sample solution (mg/mL)
Acceptance criteria: 93.0%–105.0%
IMPURITIES
• Organic Impurities
Buffer, Solution A, Solution B, Mobile phase, Diluent, Standard solution, Sample
solution, and Chromatographic system: Proceed as directed in the Assay.
Sensitivity solution: 0.6 µg/mL of USP Codeine Sulfate RS in Diluent from the Standard
solution
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Relative standard deviation: NMT 2.0%, Standard solution
Tailing factor: NMT 2.0, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each individual impurity in the portion of Oral Solution taken:
(rU/rS) × (CS/CU) × 100
rU= response of each individual impurity from the Sample solution
rS= response of codeine sulfate in the Standard solution
C=
S concentration of USP Codeine Sulfate RS in the Standard solution (mg/mL)
C=
U nominal concentration of codeine sulfate in the Sample solution (mg/mL)
Acceptance criteria
Individual impurities: See Table 2. Disregard any peak less than 0.05%.
Table 2
Related
Compound
Codeine-N-oxidea
Codeine

Relative
Retention
Time
0.65
1.00

Acceptance
Criteria,
NMT (%)
0.15
—
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Codeinoneb
1.16
Individual unspecified degradant
—
Total impurities
—
a 7,8-Didehydro-4,5 -epoxy-3-methoxy-17-methylmorphinan-6

0.15
0.15
0.5
-ol N-oxide.

b 7,8-Didehydro-4,5 -epoxy-3-methoxy-17-methylmorphinan-6 -one.
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds
count does not exceed 20 cfu/mL. It meets the requirements of the test for absence of
Escherichia coli.
• pH

791 : 2.8–3.8

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature in a well-sealed container.
• USP Reference Standards
USP Codeine Sulfate RS

11

USP37

BRIEFING
Cyanocobalamin Tablets. Because there is no existing USP monograph for this dosage form, a
new monograph is proposed. The liquid chromatographic procedures in the Assay are based
on analyses performed with a Phenomenex Intersil ODS3 brand of L1 column. The typical
retention time for cyanocobalamin is about 6.3 min.
(DS: N. Davydova.)
Correspondence Number—C117328

Comment deadline: January 31, 2013
Add the following:
Cyanocobalamin Tablets
DEFINITION
Cyanocobalamin Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
cyanocobalamin (C63 H88 CoN14 O14 P).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Use low-actinic glassware throughout this procedure.]
Mobile phase: Methanol and water (7:13)
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Standard solution: 5 µg/mL of cyanocobalamin from USP Cyanocobalamin RS in water
Sample solution: Finely powder NLT 30 Tablets. Transfer a portion of the powder,
equivalent to 500 µg of cyanocobalamin, to a 100-mL volumetric flask, add 60 mL of
water, and sonicate for 5 minutes. Dilute with water to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 361 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 0.5 mL/min
Injection volume: 100 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of cyanocobalamin (C63 H88 CoN14 O14 P) in
the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of cyanocobalamin from USP Cyanocobalamin RS in the Standard solution
(µg/mL)
C=
U nominal concentration of cyanocobalamin in the Sample solution (µg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 701
Medium: water
Time: 30 min
Acceptance criteria: Meet the requirements
• Uniformity of Dosage Units

905 : Meet the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Cyanocobalamin RS

11

USP37

BRIEFING
Dexbrompheniramine Maleate, USP 35 page 2846. As part of USP's modernization initiative it
is proposed to revise the monograph as follows.
1.
Replace the titration Assay with an HPLC method that was validated using a Waters
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XTerra RP 18 brand of L1 column. The typical retention time for dexbrompheniramine
is about 21 min. Revise the Acceptance criteria from 98.0%–100.5% to 98.0%–
102.0% to reflect the change in the Assay procedure.
2.
Replace Identification test B using ultraviolet absorption with an Identification test
based on HPLC retention time agreement for both maleic acid and
dexbrompheniramine.
3.
Replace the Organic Impurities procedure that used packed column GC with an HPLC
method that was validated using a Waters XTerra RP18 brand of L1 column. The
typical retention time for dexbrompheniramine is about 21 min.
4.
Add the new reference standards used in the Assay and test for Organic Impurities to
the USP Reference Standards

11

section.

(SM4: D. Vicchio.)
Correspondence Number—C101982

Comment deadline: January 31, 2013
Dexbrompheniramine Maleate

C16 H19 BrN2 ·C4 H4 O4

435.32

2-Pyridinepropanamine, -(4-bromophenyl)-N,N-dimethyl-, (S)-, (Z)-2-butenedioate (1:1);
(+)-2-[p-Bromo- -[2-(dimethylamino)ethyl]benzyl]pyridine maleate (1:1)
[2391-03-9].
DEFINITION
Change to read:
Dexbrompheniramine Maleate contains NLT 98.0% and NMT 100.5%
NLT 98.0% and NMT 102.0% USP37
of dexbrompheniramine maleate (C16 H19 BrN2 ·C4 H4 O4 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 261 nm
Sample solution: 35 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention times of the maleic acid and dexbrompheniramine peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay. USP37
ASSAY
Change to read:
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Change to read:
• Procedure
Sample solution: Dissolve 400 mg of Dexbrompheniramine Maleate in 50 mL of glacial
acetic acid.
Analysis: Add 1 drop of crystal violet TS to the Sample solution. Titrate with 0.1 N
perchloric acid VS to a green endpoint. Perform a blank determination (see Titrimetry
541 ). Each mL of 0.1 N perchloric acid is equivalent to 21.77 mg of dexbrompheniramine
maleate (C16 H19 BrN2 ·C4 H4 O4 ).
Acceptance criteria: 98.0%–100.5% on the dried basis
Solution A: 5.44 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to
a pH of 3.0 ± 0.1.
Solution B: Acetonitrile
Diluent: Acetonitrile and Solution A (5:95)
System suitability stock solution: 0.02 mg/mL each of USP Pheniramine Maleate RS,
USP Chlorpheniramine Maleate RS, and USP Chlorpheniramine Related Compound B RS in
Diluent. Sonicate for 1 min.
System suitability solution: 0.5 mg/mL of USP Dexbrompheniramine Maleate RS and 2
µg/mL each of USP Pheniramine Maleate RS, USP Chlorpheniramine Maleate RS, and USP
Chlorpheniramine Related Compound B RS in Diluent, prepared as follows. Transfer 5.0
mg of USP Dexbrompheniramine Maleate RS to a 10-mL volumetric flask, add 5.0 mL of
Diluent and 1.0 mL of the System suitability stock solution, and dilute with Diluent to
volume.
Standard solution: 0.5 mg/mL of USP Dexbrompheniramine Maleate RS in Diluent.
Sonicate for 1 min.
Sample solution: 0.5 mg/mL of Dexbrompheniramine Maleate in Diluent. Sonicate for 1
min.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
95
5
1
95
5
20
70
30
30
70
30
31
95
5
40
95
5
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
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Suitability requirements
[Note—The relative retention times for maleic acid and dexbrompheniramine are 0.18
and 1.0, respectively.]
Resolution: NLT 1.5 between chlorpheniramine and dexbrompheniramine; NLT 2.0
between chlorpheniramine related compound B and pheniramine, System suitability
solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dexbrompheniramine maleate (C16 H19 BrN2 ·C4 H4 O4 ) in the
portion of Dexbrompheniramine Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Dexbrompheniramine Maleate RS in the Standard solution
(mg/mL)
C=
U concentration of Dexbrompheniramine Maleate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis USP37
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
Change to read:
• Organic Impurities
Sample solution: 40 mg/mL of Dexbrompheniramine Maleate in methylene chloride
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 1.2-m × 4-mm; glass column containing 3% phase G3 on support S1AB
Temperature
Column: 190
Injection port: 250
Detector 250
Carrier gas: Dry helium
Flow rate: Adjust to obtain a retention time of 6–7 min for the main peak.
Injection volume: 1 µL
System suitability
Sample: Sample solution
Suitability requirements
Tailing factor: NMT 1.8 for the brompheniramine maleate peak
Analysis
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Sample: Sample solution
Record the chromatogram for a total time of NLT twice the retention time of the
dexbrompheniramine peak, and measure the areas of the peaks.
Acceptance criteria: The total relative area of all extraneous peaks (except that of the
solvent peak and maleic acid, if observed) is NMT 2.0%.
Solution A, Diluent, System suitability solution, Mobile phase, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 2.7 µg/mL of USP Dexbrompheniramine Maleate RS in Diluent,
equivalent to 2.0 µg/mL of dexbrompheniramine. Sonicate 1 min.
Sensitivity solution: 0.74 µg/mL of USP Pheniramine Maleate RS in Diluent
Sample solution: 0.5 mg/mL of Dexbrompheniramine Maleate in Diluent. Sonicate for 1
min.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between chlorpheniramine and dexbrompheniramine; NLT 2.0
between chlorpheniramine related compound B and pheniramine, System suitability
solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Sample: Sample solution
[Note—Exclude the maleic acid peak at the relative retention time 0.18.]
Calculate the percentage of each impurity in the portion of Dexbrompheniramine
Maleate taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity
r=
T sum of the responses of all the peaks
Acceptance criteria
Total impurities: NMT 2.0%
USP37

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 65 for 4 h.
Acceptance criteria: NMT 0.5%
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL, in dichloromethane
Acceptance criteria: +85.0 to +95.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
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• USP Reference Standards 11
USP Chlorpheniramine Maleate RS
USP Chlorpheniramine Related Compound B RS
Di(pyridin-2-yl)amine.
C10 H9 N3
171.20 USP37
USP Dexbrompheniramine Maleate RS
USP Pheniramine Maleate RS

USP37

BRIEFING
Dexchlorpheniramine Maleate, USP 35 page 2848. As part of USP's modernization initiative it
is proposed to revise the monograph as follows.
1.
Replace Identification test B using ultraviolet absorption with an Identification test
based on HPLC retention time agreement for both maleic acid and
dexchlorpheniramine.
2.
Replace the titration Assay with an HPLC method that was validated using a Waters
XTerra RP18 brand of L1 column. The retention time for dexchlorpheniramine is about
20 min. Revise the Acceptance criteria from 98.0%–100.5% to 98.0%–102.0% to
reflect the change in the Assay procedure.
3.
Replace the Organic Impurities procedure that used packed column GC with an HPLC
method that was validated using a Waters XTerra RP 18 brand of L1 column. The
retention time for dexchlorpheniramine is about 20 min. The impurities Acceptance
criteria are from the 7th edition of the European Pharmacopoeia.
4.
Add the Enantiomeric Purity test from the 7th edition of the European Pharmacopoeia.
The method uses a Chiral Technologies brand of Chiralpak AD column. The retention
time for dexchlorpheniramine is about 13 min.
5.
Delete the non-specific Melting Range or Temperature test. This test is no longer
necessary because a specific HPLC-based Organic Impurities test is being added.
6.
Add the new reference standards used in the Assay and test for Organic Impurities to
the USP Reference Standards

11

section.

(SM4: D. Vicchio.)
Correspondence Number—C96497

Comment deadline: January 31, 2013
Dexchlorpheniramine Maleate

C16 H19 ClN2 ·C4 H4 O4

390.86

2-Pyridinepropanamine, -(4-chlorophenyl)-N,N-dimethyl-, (S)-, (Z)-2-butenedioate (1:1);
(+)-2-[p-Chloro- -[2-(dimethylamino)ethyl]benzyl]pyridine maleate (1:1)
[2438-32-6].
DEFINITION
Change to read:
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Dexchlorpheniramine Maleate, dried at 65 for 4 h, contains NLT 98.0% and NMT 100.5% of
C16 H19 ClN2 ·C4 H4 O4 .
contains NLT 98.0% and NMT 102.0% of dexchlorpheniramine maleate (C16 H19 ClN2 ·C4 H4 O4 ).
USP37

IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Sample solution: 40 µg/mL
The retention times of the maleic acid and dexchlorpheniramine peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay. USP37
ASSAY
Change to read:
• Procedure
Sample: 400 mg of previously dried Dexchlorpheniramine Maleate
Analysis: Dissolve in glacial acetic acid, add 1 drop of Crystal Violet TS, and titrate with
0.1 N perchloric acid VS to a green endpoint. Perform a blank determination (see
Titrimetry 541 ). Each mL of 0.1 N perchloric acid is equivalent to 19.54 mg of
C16 H19 ClN2 ·C4 H4 O4 .
Acceptance criteria: 98.0%–100.5% dried at 65 for 4 h
Solution A: 5.44 g/L of monobasic potassium phosphate. Adjust with phosphoric acid to
a pH of 3.0 ± 0.1.
Solution B: Acetonitrile
Diluent: Acetonitrile and Solution A (5:95)
System suitability stock solution: 0.02 mg/mL each of USP Pheniramine Maleate RS,
USP Chlorpheniramine Related Compound B RS, and USP Chlorpheniramine Related
Compound C RS in Diluent. Sonicate for 1 min.
System suitability solution: 0.5 mg/mL of USP Dexchlorpheniramine Maleate RS and 2
µg/mL each of USP Pheniramine Maleate RS, USP Chlorpheniramine Related Compound B
RS, and USP Chlorpheniramine Related Compound C RS in Diluent, prepared as follows.
Transfer 5.0 mg of USP Dexchlorpheniramine Maleate RS to a 10-mL volumetric flask,
add 5 mL of Diluent and 1.0 mL of the System suitability stock solution, and dilute with
Diluent to volume. Sonicate 1 min.
Standard solution: 0.5 mg/mL of USP Dexchlorpheniramine Maleate RS in Diluent.
Sonicate for 1 min.
Sample solution: 0.5 mg/mL of Dexchlorpheniramine Maleate in Diluent. Sonicate for 1
min.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
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0
1
20
30
31
40

95
95
70
70
95
95

5
5
30
30
5
5

Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times of maleic acid, chlorpheniramine related compound C,
and dexchlorpheniramine are 0.18, 0.94, and 1.0, respectively.]
Suitability requirements
Resolution: NLT 1.5 between chlorpheniramine related compound C and
dexchlorpheniramine; NLT 2.0 between chlorpheniramine related compound B and
pheniramine, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 0.73%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dexchlorpheniramine maleate (C16 H19 ClN2 ·C4 H4 O4 ) in the
portion of Dexchlorpheniramine Maleate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for dexchlorpheniramine from the Sample solution
rS= peak response for dexchlorpheniramine from the Standard solution
C=
S concentration of USP Dexchlorpheniramine Maleate RS in the Standard solution
(mg/mL)
C=
U concentration of Dexchlorpheniramine Maleate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0%, previously dried at 65 for 4 h

USP37

IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
Change to read:
• Organic Impurities
• Procedure
Sample solution: 40 mg/mL of Dexchlorpheniramine Maleate in methylene chloride
Chromatographic system
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621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 1.2-m × 4-mm glass column containing 3% phase G3 on support S1AB
Temperature
Column: 190
Injector: 250
Detector: 250
Flow rate: Adjusted to obtain a retention time of 4–5 min for the main peak
Injection volume: 1 µL
Carrier gas: Helium
System suitability
Sample: Sample solution
Suitability requirements
Tailing factor: NMT 1.8, for the dexchlorpheniramine maleate peak
Analysis
Sample: Sample solution
Record the chromatogram for a total time NLT twice the retention time of the
dexchlorpheniramine peak, and measure the areas of the peaks.
Acceptance criteria: The total relative area of all extraneous peaks (except that of the
solvent peak and maleic acid, if observed) does not exceed 2.0%.
Solution A, Diluent, System suitability solution, Mobile phase, and
Chromatographic system: Proceed as directed in the Assay.
Standard solution: 2.2 µg/mL of USP Dexchlorpheniramine Maleate RS in Diluent,
equivalent to 2.0 µg/mL of dexchlorpheniramine. Sonicate 1 min.
Sensitivity solution: 0.74 µg/mL of USP Pheniramine Maleate RS in Diluent
Sample solution: 0.5 mg/mL of Dexchlorpheniramine Maleate in Diluent. Sonicate for 1
min.
System suitability
Samples: System suitability solution, Standard solution, and Sensitivity solution
Suitability requirements
Resolution: NLT 1.5 between chlorpheniramine related compound C and
dexchlorpheniramine; NLT 2.0 between chlorpheniramine related compound B and
pheniramine, System suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Dexchlorpheniramine
Maleate taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of dexchlorpheniramine from the Standard solution
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C=
S concentration of dexchlorpheniramine in the Standard solution (mg/mL)
C=
U concentration of Dexchlorpheniramine Maleate in the Sample solution (mg/mL)
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2. Disregard peaks having areas less than 0.05% of
dexchlorpheniramine.

Name

Table 2
Relative
Retention
Time
0.18
0.49
0.57
0.97
1.0
—
—

Relative
Response
Factor
—
—
0.40
—
—
1.0
—

Acceptance
Criteria,
NMT (%)
—
—
0.4
—
—
0.10
1

Maleic acida
Chlorpheniramine related compound Bb
Pheniramine
Chlorpheniramine related compound Cc
Dexchlorpheniramine
Any other unspecified impurity
Total impurities
a Salt counter ion is included in the table for identification purposes only.
b Di(pyridin-2-yl)amine. Used only to establish system suitability.
c 3-(4-Chlorophenyl-N-methyl-3-(pyridin-2-yl)propan-1-amine. Used only to establish
system suitability.
USP37

Add the following:
• Enantiomeric Purity
System suitability solution: 0.7 mg/mL of chlorpheniramine in 2-propanol prepared as
follows. Dissolve 10.0 mg of USP Chlorpheniramine Maleate RS in 3 mL of water. Make the
solution basic by adding a few drops of concentrated ammonium hydroxide, and shake
with 5 mL of methylene chloride. Separate the layers and evaporate the lower, methylene
chloride layer on a water bath until an oily residue is obtained. Dissolve the residue, and
dilute with 2-propanol to 10.0 mL.
Standard stock solution: 0.7 mg/mL of dexchlorpheniramine in 2-propanol prepared as
follows. Dissolve 10.0 mg of USP Dexchlorpheniramine Maleate RS in 3 mL of water. Make
the solution basic by adding a few drops of concentrated ammonium hydroxide, and shake
with 5 mL of methylene chloride. Separate the layers and evaporate the lower, methylene
chloride layer on a water bath until an oily residue is obtained. Dissolve the residue, and
dilute with 2-propanol to 10.0 mL.
Standard solution: 0.014 mg/mL of dexchlorpheniramine in 2-propanol from the Standard
stock solution
Sample solution: 0.7 mg/mL of dexchlorpheniramine in 2-propanol prepared as follows.
Dissolve 10.0 mg of Dexchlorpheniramine Maleate in 3 mL of water. Make the solution basic
by adding a few drops of concentrated ammonium hydroxide, and shake with 5 mL of
methylene chloride. Separate the layers and evaporate the lower, methylene chloride layer
on a water bath until an oily residue is obtained. Dissolve the residue, and dilute with 2propanol to 10.0 mL.
Mobile phase: Hexane, 2-propanol, and diethylamine (980:20:3)
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 10-µm packing L51
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
[Note—Under these conditions the dexchlorpheniramine (S-enantiomer) elutes first.]
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between the R-enantiomer and dexchlorpheniramine (Senantiomer)
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the R-enantiomer in the portion of dexchlorpheniramine taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the R-enantiomer from the Sample solution
rS= peak response of dexchlorpheniramine from the Standard solution
C=
S concentration of dexchlorpheniramine in the Standard solution (mg/mL)
C=
U concentration of dexchlorpheniramine in the Sample solution (mg/mL)
Acceptance criteria: NMT 2% USP37
SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 110 –115

USP37

• Optical Rotation, Specific Rotation 781S
Sample solution: 50 mg/mL, in dimethylformamide
Acceptance criteria: +39.5 to +43.0
• pH 791
Sample solution: 10 mg/mL
Acceptance criteria: 4.0–5.0
ADDITIONAL REQUIREMENTS
• Loss on Drying 731
Analysis: Dry a sample at 65 for 4 h.
Acceptance criteria: NMT 0.5%
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Chlorpheniramine Maleate RS
USP Chlorpheniramine Related Compound B RS
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Di(pyridin-2-yl)amine.
C10 H9 N3
171.20
USP Chlorpheniramine Related Compound C RS
3-(4-Chlorophenyl-N-methyl-3-(pyridin-2-yl)propan-1-amine.
C15 H17 ClN2
260.76 USP37
USP Dexchlorpheniramine Maleate RS
USP Pheniramine Maleate RS
USP37
BRIEFING
Dexmedetomidine Hydrochloride. Because there is no existing USP monograph for this drug
substance, a new monograph based on the validated test methods is being proposed. The
stability-indicating liquid chromatographic procedure in the Assay and the test for Organic
Impurities is based on analysis performed with the LiChrospher 100 RP-18 brand of L1
column. The typical retention time for dexmedetomidine is about 8 min based on conditions
specified for the Assay and the test for Organic Impurities. The liquid chromatographic
procedure in the test for Enantiomeric Purity is based on analysis performed with the Chiral
AGP brand of L41 column. The typical retention time for dexmedetomidine is about 5 min
based on conditions specified for the test for Enantiomeric Purity.
(SM2: H. Cai, S. Ramakrishna.)
Correspondence Number—C93626

Comment deadline: January 31, 2013
Add the following:
Dexmedetomidine Hydrochloride

C13 H16 N2 ·HCl

236.74

1H-Imidazole, 4-[1-(2,3-dimethylphenyl)ethyl]-, monohydrochloride, (S)-;
4-[(S)- ,2,3-Trimethylbenzyl]imidazole monohydrochloride.
[145108-58-3].
DEFINITION
Dexmedetomidine Hydrochloride contains NLT 98.0% and NMT 102.0% of dexmedetomidine
hydrochloride (C13 H16 N2 ·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
System suitability solution, as obtained in the test for Enantiomeric Purity.
• C. Identification Tests—General, Chloride

191 : Meets the requirements

ASSAY
• Procedure
Buffer: pH 7.0 of 0.89 g/L dibasic sodium phosphate dihydrate solution prepared as follows.
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Dissolve a suitable amount of dibasic sodium phosphate dihydrate with 90% of total
volume of water, adjust with 16 g/L of monobasic sodium phosphate dihydrate solution in
water to a pH of 7.0, and dilute with water to volume.
Mobile phase: Methanol and Buffer (60:40)
Standard solution: 0.2 mg/mL of USP Dexmedetomidine Hydrochloride RS in Mobile phase
Sample solution: 0.2 mg/mL of Dexmedetomidine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4-mm × 12.5-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dexmedetomidine hydrochloride (C13 H16 N2 ·HCl) in the portion
of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of dexmedetomidine from the Sample solution
rS= peak response of dexmedetomidine from the Standard solution
C=
S concentration of USP Dexmedetomidine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Dexmedetomidine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Heavy Metals, Method II

231 : NMT 20 ppm

• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
Buffer and Mobile phase: Proceed as directed in the Assay.
Standard solution: 2 µg/mL of USP Dexmedetomidine Hydrochloride RS in Mobile phase
Sensitivity solution: 0.8 µg/mL of USP Dexmedetomidine Hydrochloride RS in Mobile phase
Sample solution: 2 mg/mL of sample in Mobile phase
Chromatographic system: Proceed as directed in the Assay except for the following.
Run time: NLT 9 times the retention time of the dexmedetomidine peak
System suitability
Samples: Sensitivity solution and Standard solution
Suitability requirements
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 5%, Standard solution

PF 38(6): Nov.-Dec. 2012

424

Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of the sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of dexmedetomidine in the Standard solution
C=
S concentration of USP Dexmedetomidine Hydrochloride RS in the Standard solution
(µg/mL)
C=
U concentration of Dexmedetomidine Hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Hydroxymedetomidinea
0.36
0.10
Dexmedetomidine
1.00
—
b
N-Benzyl hydroxymedetomidine
2.22
0.10
Ethylmedetomidinec
2.47
0.10
d
N-Benzyl medetomidine
6.25
0.10
e
N-Benzyl vinyl analog
6.31
0.10
Any other individual impurity
—
0.10
—
Total impuritiesf
0.3
a 1-(2,3-Dimethylphenyl)-1-(1H-imidazol-5-yl)ethanol.
b 1-(1-Benzyl-1H-imidazol-5-yl)-1-(2,3-dimethylphenyl)ethanol.
c
d
e
f

5-[1-(2,3-Dimethylphenyl)ethyl]-1-ethyl-1H-imidazole.
1-Benzyl-5-[1-(2,3-dimethylphenyl)ethyl]-1H-imidazole.
1-Benzyl-5-[1-(2,3-dimethylphenyl)vinyl]-1H-imidazole.
Disregard any peaks below 0.04%.
• Enantiomeric Purity
Buffer: To 1 L of 5.34g/L dibasic sodium phosphate dihydrate solution, adjust with a
suitable amount (about 700–800 mL) of 4.08 g/L monobasic potassium phosphate solution
to a pH of 7.0.
Mobile phase: Acetonitrile and Buffer (35:165)
System suitability solution: 1 µg/mL of USP Levomedetomidine RS and 50 µg/ml of USP
Dexmedetomidine Hydrochloride RS in Mobile phase
Standard solution: 0.5 µg/mL of USP Levomedetomidine RS in Mobile phase
Sensitivity solution: 0.05 µg/mL of USP Levomedetomidine RS in Mobile phase
Sample solution: 50 µg/mL of sample in Mobile phase
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 220 nm
Column: 4-mm × 10-cm; 5-µm packing L41
Flow rate: 1.0 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution, Sensitivity solution, and Standard solution
Suitability requirements
Resolution: NLT 2.0 between levomedetomidine and dexmedetomidine, System
suitability solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Relative standard deviation: NMT 3.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of levomedetomidine hydrochloride in the portion of sample
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak height of levomedetomidine in the Sample solution
rS= peak height of levomedetomidine in the Standard solution
C=
S concentration of USP Levomedetomidine RS in the Standard solution (µg/mL)
C=
U concentration of Dexmedetomidine Hydrochloride in the Sample solution (µg/mL)
Acceptance criteria: See Table 2.

Name

Table 2
Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Levomedetomidinea
0.69
1.0
Dexmedetomidine
1.00
—
a (R)-4-[1-(2,3-Dimethylphenyl)ethyl]-1H-imidazole hydrochloride.
SPECIFIC TESTS
• Loss on Drying 731
Sample: 1.0 g
Analysis: Dry the Sample at 105 for 3 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature in tight containers in a dry
place.
• USP Reference Standards 11
USP Dexmedetomidine Hydrochloride RS
USP Levomedetomidine RS
(R)-4-[1-(2,3-Dimethylphenyl)ethyl]-1H-imidazole hydrochloride.
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236.74

USP37

BRIEFING
Dioxybenzone, USP 35 page 2930. As part of the USP monograph modernization effort, the
following revisions are proposed, based on a validated method of analysis:
1.
Introduce a stability-indicating HPLC Assay procedure to replace the existing UV
procedure.
2.
The UV-based Identification test B is replaced with the HPLC retention time agreement
based on the Assay.
The new HPLC procedure in the Assay is based on analyses performed with a Waters Symmetry
C18 brand of L1 column. The typical retention time for dioxybenzone is about 5 min.
(SM3: F. Mao, M. Puderbaugh.)
Correspondence Number—C94335

Comment deadline: January 31, 2013
Dioxybenzone

C14 H12 O4

244.24

Methanone, (2-hydroxy-4-methoxyphenyl)(2-hydroxyphenyl)-;
2,2'-Dihydroxy-4-methoxybenzophenone
[131-53-3].
DEFINITION
Dioxybenzone contains NLT 97.0% and NMT 103.0% of dioxybenzone (C14 H12 O4 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 286 nm
Solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP37
ASSAY
Change to read:
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• Procedure
Sample solution: 1 mg/mL of Dioxybenzone in toluene.
Transfer 1 mL of this solution into a 100-mL volumetric flask and dilute with methanol to
volume.
Standard solution: 10 µg/mL of USP Dioxybenzone RS prepared similar to the Sample
solution
Instrumental conditions
Mode: UV
Cell: 1 cm
Analytical wavelength: Maximum at about 325 nm
Blank: Transfer 1 mL of tolune into a 100-mL volumetric flask and dilute with methanol
to volume.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dioxybenzone (C14 H12 O4 ) in the Dioxybenzone taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
AS= absorbance of the Standard solution
C=
S concentration of USP Dioxybenzone RS in the Standard solution (µg/mL)
C=
U concentration of dioxybenzone in the Sample solution (µg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
Mobile phase: Methanol and water (60:40)
Standard solution: 0.1 mg/mL of USP Dioxybenzone RS in methanol. Sonicate if
necessary to dissolve.
Sample solution: 0.1 mg/mL of Dioxybenzone in methanol. Sonicate if necessary to
dissolve.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 286 nm
Column: 4.7-mm × 7.5-cm; 3.5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of dioxybenzone (C14 H12 O4 ) in the portion of Dioxybenzone
taken:
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Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Dioxybenzone RS in the Standard solution (mg/mL)
C=
U concentration of Dioxybenzone in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis USP37
SPECIFIC TESTS
• Congealing Temperature

651 : NLT 68.0

• Loss on Drying 731
Analysis: Dry a sample under vacuum at 40 for 2 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Dioxybenzone RS

11
BRIEFING

Doxycycline Extended-Release Capsules. Because there is no existing USP monograph for
this drug product, a new monograph is proposed based on validated methods of analysis.
The liquid chromatographic procedures in the Assay and the test for Organic Impurities are
based on analyses performed using the Hamilton PRP-1 or Polymer Labs PLRP-S brands of
L21 column. The typical retention time for doxycycline is about 16 min.
(SM1: S.Shivaprasad.)
Correspondence Number—C115653

Comment deadline: January 31, 2013
Add the following:
Doxycycline Extended-Release Capsules
DEFINITION
Doxycycline Extended-Release Capsules contain NLT 90.0% and NMT 110.0% of the labeled
amount of doxycycline (C22 H24 N2 O8 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Transfer 2.72 g of monobasic potassium phosphate, 0.74 g of sodium
hydroxide, 0.50 g of tetrabutylammonium hydrogen sulfate, and 0.40 g of edetate
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disodium to a 1000-mL volumetric flask. Add about 850 mL of water, and dissolve. Add 60
g of tertiary butyl alcohol with the aid of water, dilute with water to volume, and adjust
to a pH of 8.0. Pass this solution through a suitable filter, and degas before using.
Buffer: pH 6.8 phosphate buffer (see Buffer solutions in Reagents, Indicators, and
Solutions)
System suitability stock solution: 7.2 mg/mL of USP Doxycycline Hyclate RS in 0.01 N
hydrochloric acid prepared as follows. Transfer USP Doxycycline Hyclate RS to a suitable
volumetric flask, and add 0.01 N hydrochloric acid to about 70% of the final volume.
Sonicate as necessary to dissolve. Dilute with 0.01 N hydrochloric acid to volume, and
mix. Protect this solution from light.
System suitability solution: 1.4 mg/mL of USP Doxycycline Hyclate RS from the System
suitability stock solution in 0.01 N hydrochloric acid prepared as follows. Transfer NLT 5.0
mL of the System suitability stock solution to a suitable volumetric flask, and heat on a
steam bath for 60 min. Evaporate to dryness on a hot plate, taking care not to char the
residue. Dissolve the residue in 0.01 N hydrochloric acid, dilute with 0.01 N hydrochloric
acid to volume, and mix. Pass through a suitable filter. The filtrate contains a mixture of
4-epidoxycycline, 6-epidoxycycline, and doxycycline. Protect this solution from light.
Standard solution: 0.8 mg/mL of doxycycline from USP Doxycycline Hyclate RS in a
mixture of Buffer and 0.1 N hydrochloric acid (1:9) prepared as follows. Transfer an
appropriate amount of USP Doxycycline Hyclate RS to a volumetric flask, and add Buffer
to 10% of the final volume. Sonicate to dissolve. Dilute with 0.1 N hydrochloric acid to
volume, and mix. Protect this solution from light.
Sample solution: Nominally 0.8 mg/mL of doxycycline in a mixture of Buffer and 0.1 N
hydrochloric acid (1:9) prepared as follows. Weigh, and transfer the contents of NLT 10
Capsules to a suitable volumetric flask, add Buffer to 10% of the final volume, and
sonicate as necessary to dissolve. Dilute with 0.1 N hydrochloric acid to volume, and mix.
Pass through a suitable filter. Protect this solution from light.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; 7-µm packing L21
Column temperature: 60
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 1.7 times the retention time of the doxycycline peak
System suitability
Samples: Standard solution and System suitability solution
Suitability requirements
Resolution: NLT 3.0 between 4-epidoxycycline and doxycycline, System suitability
solution
Relative standard deviation: NMT 2.0%, Standard solution
Tailing factor: NMT 2.0, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxycycline (C22 H24 N2 O8 ) in the
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portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × F × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
C=
U nominal concentration of doxycycline in the Sample solution (mg/mL)
P= potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
F= conversion factor, 0.001 mg/µg
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Proceed as directed for Apparatus 1 and Apparatus 2, Delayed–Release Dosage Forms,
Method A, Procedure.
Acid stage
Acid stage medium: 0.1 N hydrochloric acid; 750 mL
Apparatus 2: 75 rpm
Time: 2 h
Blank: Acid stage medium
Standard solution: 0.04 mg/mL of doxycycline from USP Doxycycline Hyclate RS in the
Acid stage medium. Sonicate as necessary to dissolve.
Capsule shell solution: Dissolve 10 empty capsule shells in 1000 mL of the Acid stage
medium by gently heating at 37 .
Acid stage capsule shell blank: 100 mL of Capsule shell solution and 650 mL of the Acid
stage medium. Pass through a suitable filter.
Sample solution: Pass portions of the solution under test through a suitable filter.
Instrumental conditions
Mode: UV
Analytical wavelength: 345 nm
Cell: 0.2 cm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxycycline (C22 H24 N2 O8 ) dissolved:
Result = (AU

ACS)/AS × (CS/L) × V × P × F × 100

AU= absorbance of the Sample solution
ACS
= absorbance of the Acid stage capsule shell blank
AS= absorbance of the Standard solution
CS= concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
V = volume of the Acid stage medium, 750 mL
P = potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
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Tolerances: NLT 65% and NMT 90% of the labeled amount of doxycycline (C22 H24 N2 O8 )
is dissolved. The percentage of the labeled amount of doxycycline dissolved at the time
specified conforms to Acceptance Table 2 in Dissolution 711 .
Buffer stage
Conduct this stage of testing on the Capsules that were previously subjected to the acid
stage testing by adding the buffer stage medium to the same vessel and adjusting to a pH
of 6.0 using either 2 N hydrochloric acid or 2 N sodium hydroxide.
Buffer stage medium: 28.4 g/L of dibasic sodium phosphate anhydrous and 6.4 g/L of
sodium hydroxide; 200 mL
Buffer stage blank: 0.1 N hydrochloric acid and 0.2 M phosphate buffer (291:66). Adjust
to a pH of 6.0 using either 2 N hydrochloric acid or 2 N sodium hydroxide.
Apparatus 2: 75 rpm
Time: 2 h (The total time for this analysis is 4 h, where 2 h is from the Acid stage and 2
h is from the Buffer stage.)
Standard solution: 0.04 mg/mL of doxycycline from USP Doxycycline Hyclate RS in the
Buffer stage blank. Sonicate as necessary to dissolve.
Buffer stage capsule shell blank: 100 mL of Capsule shell solution in 650 mL of Acid
stage medium and 200 mL of Buffer stage medium. Adjust to a pH of 6.0 using either 2
N hydrochloric acid or 2 N sodium hydroxide, and pass through a suitable filter.
Sample solution: Pass portions of the solution under test through a suitable filter.
Blank: Buffer stage
Instrument conditions
Mode: UV
Analytical wavelength: 345 nm
Cell: 0.2 cm
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of doxycycline (C22 H24 N2 O8 ) dissolved:
Result = (AU

ACS)/AS × (CS/L) × V × P × F × 100

AU= absorbance of the Sample solution
ACS
= absorbance of the Buffer stage capsule shell blank
AS= absorbance of the Standard solution
CS= concentration of USP Doxycycline Hyclate RS in the Standard solution (mg/mL)
L = label claim (mg/Capsule)
V = total volume of dissolution medium (volume of medium from the Acid stage and the
Buffer stage)
P = potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
F = conversion factor, 0.001 mg/µg
Tolerances: NLT 80% of the labeled amount of doxycycline (C22 H24 N2 O8 ) is dissolved.
The percentage of the labeled amount of doxycycline dissolved at the time specified
conforms to Acceptance Table 1 in Dissolution
• Uniformity of Dosage Units
IMPURITIES

711 .

905 : Meet the requirements
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• Organic Impurities
Mobile phase, Buffer, System suitability solution, Standard solution, and Sample
solution: Proceed as directed in the Assay. Store the System suitability solution,
Standard solution, and Sample solution under refrigerated conditions, and protect from
light.
Methacycline standard stock solution: 0.8 mg/mL solution of USP Methacycline
Hydrochloride RS in a mixture of Buffer and 0.1 N hydrochloric acid (1:9) prepared as
follows. Transfer USP Methacycline Hydrochloride RS to a suitable volumetric flask, and
add Buffer to 10% of the final volume. Sonicate as necessary to dissolve. Dilute with 0.1
N hydrochloric acid to volume, and mix. Protect this solution from light, and store under
refrigerated conditions.
Standard solution 1: 0.016 mg/mL each of doxycycline and methacycline from the
Standard solution and Methacycline standard stock solution, respectively, in 0.1 N
hydrochloric acid. Protect this solution from light, and store under refrigerated conditions.
Standard solution 2: 0.8 µg/mL each of doxycycline and methacycline from the Standard
solution 1 in 0.1 N hydrochloric acid. Protect this solution from light, and store under
refrigerated conditions.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 25-cm; 7-µm packing L21
Column temperature: 60
Autosampler temperature: 4
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: NLT 3 times the retention time of the doxycycline peak
System suitability
Samples: System suitability solution, Standard solution 1, and Standard solution 2
Suitability requirements
Resolution: NLT 3.0 between 4-epidoxycycline and doxycycline, System suitability
solution
Tailing factor: NMT 2.0 for doxycycline, System suitability solution
Relative standard deviation: NMT 5.0% for doxycycline, Standard solution 1
Signal-to-noise ratio: NLT 10 for doxycycline, Standard solution 2
Analysis
Samples: Standard solution 2 and Sample solution
Calculate the percentage of each impurity in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × P × (F 1/F 2) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of doxycycline from Standard solution 2
C=
S concentration of USP Doxycycline Hyclate RS in Standard solution 2 (mg/mL)
C=
U nominal concentration of doxycycline in the Sample solution (mg/mL)
P= potency of doxycycline in USP Doxycycline Hyclate RS (µg/mg)
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F 1= conversion factor, 0.001 mg/µg
F 2= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Name

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

4-Epidoxycyclinea
0.4
0.6
0.35
b
—
—
Methacycline
0.6
Doxycycline related compound A (6—
—
epidoxycycline)b
0.7
Doxycycline
1.0
—
—
Other individual impurity
—
1.0
0.2
Total impurities
—
—
0.5
a (4R,4aR,5S,5aR,6R,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide
monohydrate.
b Process-related impurity, monitored in the drug substance, and not included in the total
impurities.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers. Store at controlled
room temperature.
• USP Reference Standards 11
USP Doxycycline Hyclate RS
USP Doxycycline Related Compound A RS
(4S,4aR,5S,5aR,6S,12aS)-4-(Dimethylamino)-1,4,4a,5,5a,6,11,12a-octahydro3,5,10,12,12a-pentahydroxy-6-methyl-1,11-dioxo-2-naphthacenecarboxamide
monohydrate.
C22 H24 N2 O8
444.43
USP Methacycline Hydrochloride RS
USP37

BRIEFING
Epoprostenol for Injection. Because there is no existing USP monograph for this drug product,
a new monograph is being proposed. The liquid chromatographic procedures in the Assay and
in the test for Organic Impurities were validated with a Hypersil ODS brand of L1 column, in
which epoprostenol elutes at about 12 min.
(SM4: M. Koleck, D. Vicchio.)
Correspondence Number—C106513

Comment deadline: January 31, 2013
Add the following:
Epoprostenol for Injection
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DEFINITION
Epoprostenol for Injection contains an amount of Epoprostenol Sodium equivalent to NLT 90.0%
and NMT 107.5% of the labeled amount of epoprostenol (C20 H32 O5 ).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 1.2 g/L each of boric acid, sodium borate, and anhydrous sodium sulfate in water
Mobile phase: Acetonitrile and Buffer (18:82)
Diluent: 0.05% (w/v) aqueous tetramethylammonium hydroxide
Standard solution: (L/5) mg/mL of USP Epoprostenol Sodium RS in Diluent, where L is the
label claim of epoprostenol, in mg/vial
Sample solution: (L/5) mg/mL of epoprostenol in Diluent, where L is the label claim of
epoprostenol in mg/vial
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 4.6-mm × 12.5-cm; 5-µm packing L1
Flow rate: 2.5–3.0 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.6
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of epoprostenol (C20 H32 O5 ) in the portion
of constituted injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Epoprostenol Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of epoprostenol in the Sample solution (mg/mL)
Mr1
= molecular weight of epoprostenol, 352.47
Mr2
= molecular weight of epoprostenol sodium, 374.45
Acceptance criteria: 90.0%–107.5%
PERFORMANCE TESTS
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• Uniformity of Dosage Units

905 : Meets the requirements for sterile solids

IMPURITIES
• Organic Impurities
Buffer, Mobile phase, Diluent, Sample solution, and Chromatographic system:
Proceed as directed in the Assay.
Standard solution: (L/100) mg/mL each of USP Epoprostenol Sodium RS and USP
Epoprostenol Related Compound A RS in Diluent, where L is the label claim of epoprostenol,
in mg/vial
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 1.2 between epoprostenol related compound A and the solvent front
Tailing factor: NMT 2.6 for epoprostenol
Relative standard deviation: NMT 2.0% for epoprostenol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of epoprostenol related compound A in the portion of
constituted injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of epoprostenol related compound A from the Sample solution
rS= peak response of epoprostenol related compound A from the Standard solution
CS= concentration of USP Epoprostenol Related Compound A RS in the Standard solution
(mg/mL)
CU= nominal concentration of epoprostenol in the Sample solution (mg/mL)
Mr1
= molecular weight of epoprostenol, 352.47
Mr2
= molecular weight of epoprostenol sodium, 374.45
Identify the degradation products using the relative retention times given in Table 1.
Calculate the percentage of all other degradation products in the portion of constituted
injection taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
ru = peak response of the degradation product from the Sample solution
rS= peak response of epoprostenol from the Standard solution
CS= concentration of USP Epoprostenol Sodium RS in the Standard solution (mg/mL)
CU= nominal concentration of epoprostenol in the Sample solution (mg/mL)
Mr1
= molecular weight of epoprostenol, 352.47
Mr2
= molecular weight of epoprostenol sodium, 374.45
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)
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Epoprostenol related compound Aa
0.18
7.5
Epoprostenol E-isomerb
0.52
1.0
c
Epoxyepoprostenol
0.68
1.0
d
Epoprostenol regioisomer
0.80
2.0
Epoprostenol
1.0
—
Any individual degradation product
—
0.5
Total impurities
—
10.0
a 7-{(1R,2R,3R,5S)-3,5-Dihydroxy-2-[(S,E)-3-hydroxyoct-1-enyl]cyclopentyl}-6oxoheptanoic acid; Prost-13-en-1-oic acid, 9,11,15-trihydroxy-6-oxo-,(9 ,11
,13E,15S).
b (E)-5-{(3aR,4R,5R,6aS)-5-Hydroxy-4-[(S,E)-3-hydroxyoct-1-en-1-yl]hexahydro-2Hcyclopenta[b]furan-2-ylidene}pentanoate.
c 5-{(2R,3aR,4R,5R,6aS)-4-[(S,E)-3-Hydroxyoct-1-en-1-yl]hexahydro-2H-2,5epoxycyclopenta[b]furan-2-yl}pentanoic acid.
d 5-{(3aS,4R,5R,6aS)-5-Hydroxy-4-[(S,E)-3-hydroxyoct-1-en-1-yl]-4,5,6,6a-tetrahydro3aH-cyclopenta[b]furan-2-yl}pentanoic acid.
SPECIFIC TESTS
• Water Determination, Method I
mg/vial for any individual vial

921 : NMT 1.5 mg/vial, average of 5 vials, and NMT 3.0

• Particulate Matter in Injections
injections

788 : Meets the requirements for small-volume

• pH 791
Sample: Constitute with 2.0 mL of water
Acceptance criteria: 11.1–11.7
• Bacterial Endotoxins Test
• Sterility Tests

85 : NMT 166 USP Endotoxin Units/mg of epoprostenol

71 : Meets the requirements

• Constituted solution: At the time of use, it meets the requirements for Injections
Constituted Solutions.
• Other requirements: Meets the requirements for Injections

1 ,

1 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store between 15 and 25 , protected from light.
• USP Reference Standards 11
USP Epoprostenol Sodium RS
USP Epoprostenol Related Compound A RS
USP37

BRIEFING
Fentanyl Transdermal System. On the basis of comments received, it is proposed to cancel
the proposal for a new USP monograph that first appeared on page 397 of PF 36(2) [Mar.–
Apr. 2010] and to republish a new proposal. Therefore, a new monograph based on validated
methods is being proposed for this drug product. The liquid chromatographic procedure in
the test for Organic Impurities, Procedure 1 is based on analyses performed with the
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Waters Xterra RP8 brand of L7 column. The typical retention time for fentanyl is about 11.3
min. The liquid chromatographic procedure in the test for Organic Impurities, Procedure 2 is
based on analyses performed with the Symmetry Shield RP8 brand of L7 column. The liquid
chromatographic procedures for Drug Release, Test 1 and the Assay are based on analyses
performed with the Waters Xterra RP8 brand of L7 column. The typical retention time for
fentanyl is about 2.0 min. The liquid chromatographic procedure for Drug Release, Test 2
was validated using the Inertsil C8 brand of L7 column. The typical retention time for
fentanyl is about 8 min.
(SM2: C. Anthony.)
Correspondence Number—C94866

Comment deadline: January 31, 2013
Add the following:
Fentanyl Transdermal System
DEFINITION
Fentanyl Transdermal System contains NLT 90.0% and NMT 110.0% of the labeled amount of
fentanyl (C22 H28 N2 O).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
• B. Infrared Absorption 197S
Standard solution: 24 mg/mL of USP Fentanyl RS in methanol
Sample solution: 24 mg/mL of fentanyl in methanol. Prepare by removing the protective
liners from an appropriate number of Transdermal Systems, rinse the exposed side of the
adhesive layer with methanol multiple times, and collect the rinse in a 50-mL beaker.
Concentrate the methanol washings to about 0.5 mL under vacuum at room temperature,
transfer a few drops of the solution to a salt plate, and allow to evaporate to cast a thin
film.
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Buffer: 2.82 g/L of ammonium perchlorate adjusted with perchloric acid to a pH of 2.45 ±
0.02
Mobile phase: Acetonitrile and Buffer (27:73)
Diluent: Acetonitrile and 0.1% phosphoric acid (25:75)
Standard solution: 0.084 mg/mL of USP Fentanyl RS in Diluent
Sample solution: 0.084 mg/mL of fentanyl in Diluent. Prepare as follows. Remove the
protective liner from a Transdermal System, and place the adhesive side of the System
onto a piece of nylon netting; roll the System with the adhesive side facing inward. Cut
the System into small pieces if needed, and transfer into an appropriate size (25–200 mL)
flask, add Diluent to volume, let the flask stand at room temperature for at least 2 h, and
thoroughly mix the solution before transferring an aliquot to HPLC vials.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Flow rate: 1 mL/min
Column temperature: 35
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fentanyl (C22 H28 N2 O) in the portion of the Transdermal
System taken:
Result = (AU/AS) × (CS/CU) × 100
AU= peak area of fentanyl from the Sample solution
AS= peak area of fentanyl from the Standard solution
C=
S concentration of USP Fentanyl RS in the Standard solution (mg/mL)
C=
U nominal concentration of fentanyl in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Drug Release 724
Test 1
Medium: 0.005 M H3 PO4 and 0.005 M NaH2 PO4 ·H2 O mixture. Dissolve 13.8 g of
monobasic sodium phosphate monohydrate in 4 L of water, add 6.7 mL of 85% H3 PO4 ,
and bring the volume to 20 L (pH = 2.6).
Apparatus 7: 30 cycles/min; 1.9 cm amplitude. Use Sample Preparation B with a
cylindrical-shaped sample holder. Nylon tie-wraps may be used to secure the system at
the top and bottom of the cylinder on the holder, and the System may be placed at the
lower side of the holder.
Times: 0.5, 2, 4, and 24 h
Buffer: 0.2% perchloric acid adjusted with 50% sodium hydroxide solution to a pH of 2.3
Mobile phase: Acetonitrile and Buffer (28:72)
Standard stock solution: 0.2 mg/mL of USP Fentanyl RS in solution prepared as follows.
Dissolve a suitable quantity of USP Fentanyl RS in 28% of the flask volume of
acetonitrile, and dilute with Medium to volume.
Standard solution: 20 µg/mL of USP Fentanyl RS in Medium from the Standard stock
solution
Sensitivity solution: 0.4 µg/mL of USP Fentanyl RS in Medium from the Standard
solution
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Sample solution: Add sufficient water to bring each solution container to the
appropriate volume gravimetrically.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 5-cm; 3.5-µm packing L7
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 2 times the retention time of fentanyl
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 2.5, Standard solution
Signal-to-noise ratio: NLT 10, Sensitivity solution
Recovery: 80%–120% from theoretical concentration, Sensitivity solution
Relative standard deviation: NMT 2%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci), in µg/mL, of fentanyl (C22 H28 N2 O) in the Sample
solution for each timepoint (i):
Result i = (ri/rS) × CS
ri= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Fentanyl RS in the Standard solution (µg/mL)
Calculate the percentage of the labeled amount (Qi) of fentanyl (C22 H28 N2 O) released
at each time point (i):
Result 1 = C1 × V × (1/L) × 100
Result 2 = (C2 + C1) × V × (1/L) × 100
Result 3 = (C3 + C2 +C1) × V × (1/L) × 100
Result 4 = (C4 + C3 + C2 + C1) × V × (1/L) × 100
C=i concentration of fentanyl from the Sample solution at time point i (µg/mL)
V= volume of Medium, 200 mL or 250 mL
L= label claim of the Transdermal System (µg/h)
Tolerances: See Table 1. The cumulative percentage of fentanyl (C22 H28 N2 O) released
at the times specified conforms to Acceptance Table 1 in Drug Release
Table 1
Cumulative Amount
Time Point Time
of Fentanyl
(i)
(h)
Dissolved

724 .
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1
2
3
4

0.5
2
4
24

30%–45%
65%–85%
80%–105%
85%–115%

Test 2
If the product complies with this test, the labeling indicates that the product meets USP
Drug Release, Test 2.
Medium: 0.1 M phosphate buffer (13.8 g/L of monobasic sodium phosphate in water
adjusted with phosphoric acid to a pH of 3.5 ); 600 mL, deaerated
Apparatus 5: 50 rpm
Times: 0.5, 1, 2, and 8 h
Buffer: 3.45 g/L of monobasic sodium phosphate adjusted with phosphoric acid to a pH of
2.3
Mobile phase: Acetonitrile, methanol, and Buffer (7.5: 37.5: 55)
Standard stock solution: 0.25 mg/mL of USP Fentanyl Citrate RS in methanol
Standard solution: [(L × T)/600] µg/mL of USP Fentanyl Citrate RS in Mobile phase from
the Standard stock solution, where L is the label claim of the Transdermal System, in
mg/h; and T is the last sampling time, in h.
Sample solution: Withdraw a 2.5-mL aliquot at each time point.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Flow rate: 1.2 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8
Relative standard deviation: NMT 3.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the concentration (Ci), in µg/mL, of fentanyl (C22 H28 N2 O) in the Sample
solution for each timepoint (i):
Result i = (ri/rS) × CS × (Mr1/Mr2)
ri = peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Fentanyl RS in the Standard solution (µg/mL)
Mr1
= molecular weight of fentanyl free base, 336.47
Mr2
= molecular weight of fentanyl citrate, 528.59
Calculate the percentage of the labeled amount (Qi) of fentanyl (C22 H28 N2 O) released
at each time point (i):
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Result 2 = (C1 × V)/(L × T 1) × 100
Result 2 = {[C2 × (V
Result 3 = {[C3 × (V
Result 4 = {[C4 × (V

VS)] + (C1 × VS)}/(L × T 2) × 100

[2 × VS])] + [(C2 + C1) × VS]}/(L × T 3) × 100
[3 × VS])] + [(C3 + C2 + C1) × VS]}/(L × T 4) × 100

C=
i concentration of fentanyl from the Sample solution at time point i (µg/mL)
V= volume of Medium, 600 mL
L= label claim of the Transdermal System (µg/h)
T=
i system exposure time for each time point i (h)
V=
S volume of the Sample solution withdrawn from the vessel, 2.5 mL
Tolerances: See Table 2. The percentage of the labeled amount of fentanyl (C22 H28 N2 O)
released at the times specified conforms to Acceptance Table 1 in Drug Release

724 .

Table 2
Time Point Time
(i)
(h)
1
0.5
2
1
3
2
4
8
• Uniformity of Dosage Units

Amount
of Fentanyl
Dissolved
15%–35%
30%–50%
48%–72%
NLT 85%

905 : Meet the requirements

IMPURITIES
• Organic Impurities, Procedure 1
If pyruvyl fentanyl or butyryl fentanyl are potential impurities, Procedure 2 is
recommended.
Buffer, Mobile phase, Diluent, Standard solution, and Sample solution: Prepare as
directed in the Assay.
Related compound E standard solution: 100 µg/mL of USP Fentanyl Related Compound E
RS in Diluent
Sensitivity solution: 0.06 µg/mL of USP Fentanyl RS from the Standard solution in Diluent
Resolution solution: 0.8 µg/mL each of USP Fentanyl RS and USP Fentanyl Related
Compound E RS from the Standard solution and Related compound E standard solution,
respectively
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Flow rate: 1 mL/min
Column temperature: 35
Injection volume: 10 µL
System suitability
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Samples: Standard solution, Sensitivity solution, and Resolution solution
Suitability requirements
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2%, Standard solution
Resolution: NLT 2.0 between fentanyl and fentanyl related compound E, Resolution
solution
Recovery: 80%–120% from theoretical concentration, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any impurity in the portion of the Transdermal System taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U area response of any impurity from the Sample solution
A=
S area response of fentanyl from the Standard solution
C=
S concentration of USP Fentanyl RS in the Standard solution (µg/mL)
C=
U nominal concentration of fentanyl in the Sample solution (µg/mL)
Acceptance criteria: See Table 3.
Table 3

Name

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Fentanyl related compound Ea
0.81
Fentanyl
1.0
Fentanyl-N-oxideb
1.31–1.47
Any other individual unspecified degradation product
—
Total impurities
—
a 1-Phenethyl-N-phenylpiperidine-4-amine.
b N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]propanamide N-oxide.

0.1
—
0.3
0.5
2.0

Organic Impurities, Procedure 2
Buffer: 3.45 g of monobasic sodium phosphate monohydrate in 1000 mL of water. Adjust
with phosphoric acid to a pH of 2.1.
Mobile phase: Acetonitrile and Buffer (21:79)
Standard stock solution: 250 µg/mL each of USP Fentanyl Citrate RS and USP Fentanyl
Related Compound E RS in methanol
Standard solution: 0.6 µg/mL each of USP Fentanyl Citrate RS and USP Fentanyl Related
Compound E RS in Buffer from the Standard stock solution
Sample stock solution: 1.27 mg/mL of fentanyl in dehydrated alcohol. Prepare by
removing the protective liners from an appropriate number of Systems, placing into an
extraction vessel containing dehydrated alcohol, sealing the vessel with a PTFE-lined
cover, and shaking for 2 h.
Sample solution: 0.4 mg/mL of fentanyl from the Sample stock solution in Buffer. Mix
thoroughly, and filter through a PTFE membrane with 0.45-µm pore size.
Blank: Dehydrated alcohol and Buffer (3:10), mix thoroughly, and filter through a PTFE
membrane with 0.45-µm pore size.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 225 nm
Column: 4.6-mm × 15-cm; 3.5-µm packing L7
Flow rate: 1 mL/min
Injection volume: 25 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.8 for fentanyl and fentanyl related compound E
Relative standard deviation: NMT 10.0% for fentanyl and fentanyl related
compound E
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of fentanyl related compound E present:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of fentanyl related compound E from the Sample solution
rS= peak response of fentanyl related compound E from the Standard solution
C=
S concentration of USP Fentanyl Related Compound E RS in the Standard solution
(mg/mL)
C=
U nominal concentration of fentanyl in the Sample solution (mg/mL)
Calculate the percentage of any impurity in the portion of Transdermal System taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of any specified or unspecified impurity from the Sample solution
rS= peak response of fentanyl citrate from the Standard solution
CS= concentration of USP Fentanyl Citrate RS in the Standard solution (mg/mL)
CU= nominal concentration of fentanyl in the Sample solution (mg/mL)
Mr1
= molecular weight of fentanyl free base, 336.47
Mr2
= molecular weight of fentanyl citrate, 528.59
Acceptance criteria: See Table 4.
Table 4

Name
Fentanyl related compound E
Fentanyl related compound Ga
Pyruvyl fentanylb
Fentanyl
Fentanyl-N-oxidec
Butyryl fentanyld

Relative
Retention
Time
0.45
0.58
0.76
1.0
1.4
1.8

Acceptance
Criteria,
NMT (%)
0.5
0.5
—
—
0.5
0.5
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Any other individual unspecified degradation products
—
Total related compounds
—
a N-(1-Phenethyl-4-piperdyl)-acetanilide.
b 2-oxo-N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]propanamide.
c N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]propanamide N-oxide.
d N-Phenyl-N-[1-(2-phenylethyl)-4-piperidinyl]butanamide.

0.5
2.0

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in a tight, light-resistant unit-dose pouch.
• Labeling: When more than one Drug Release test is given, the labeling states the test used
only if Test 1 is not used. If a test for Organic impurities other than Procedure 1 is used,
the labeling states the test with which the article complies.
• USP Reference Standards 11
USP Fentanyl RS
USP Fentanyl Citrate RS
USP Fentanyl Related Compound E RS
1-Phenethyl-N-phenylpiperidine-4-amine.
C19 H24 N2 · 2HCl
353.33
USP37

BRIEFING
Flutamide, USP 35 page 3260. In the test for Organic Impurities, it is proposed to add a
System suitability acceptance criteria of NLT 2.0 for the resolution between flutamide
related compound A and flutamide related compound B. The following revisions to the
monograph are also proposed.
1.
In the Assay, additional details are provided for the preparation of the System suitability
stock solution and Standard solution, and the column particle size is specified.
2.
In the test for Organic Impurities, the preparations of the System suitability stock
solution and System suitability solution are revised to include USP Flutamide Related
Compound A RS and USP Flutamide Related Compound B RS.
3.
The names of several impurities listed in Table 1 are updated to the current USP
nomenclature convention.
4.
USP Flutamide Related Compound A RS and USP Flutamide Related Compound B RS are
added to the USP Reference Standards section, and the chemical name of oflutamide is updated to the current USP nomenclature convention.
5.
The nonspecific test for Melting Range or Temperature is deleted.
6.
The monograph is reformatted to the monograph redesign style.
(SM4: M. Koleck, D.Vicchio.)
Correspondence Number—C115658

Comment deadline: January 31, 2013
Flutamide
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276.21

Propanamide, 2-methyl-N-[4-nitro-3-trifluoromethyl)phenyl]-;
, , -Trifluoro-2-methyl-4¢-nitro-m-propionotoluidide
[13311-84-7].
DEFINITION
Flutamide contains NLT 98.0% and NMT 101.0% of flutamide (C11 H11 F 3 N2 O3 ), calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197M
• B. The retention time of the major peak from the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Mobile phase: Acetonitrile and water (45:55)
Diluent: Acetonitrile and water (20:80)
System suitability stock solution: 1 mg/mL of USP o-Flutamide RS, prepared as follows.
Dissolve the standard in acetonitrile using 20% of the final volume.
Sonicate to dissolve. USP37
Dilute with water to volume.
Mix, and allow to warm to room temperature. USP37
Standard solution: 0.2 mg/mL of USP Flutamide RS, prepared as follows. Dissolve the
standard in acetonitrile using 20% of the final volume.
Sonicate to dissolve. USP37
Dilute with water to volume.
Mix, and allow to warm to room temperature. USP37
System suitability solution: 10 µg/mL each of USP o-Flutamide RS and USP Flutamide RS
in Diluent prepared from the System suitability stock solution and the Standard solution
Sample solution: 0.2 mg/mL of Flutamide, prepared as follows. Dissolve the sample in
acetonitrile using 20% of the final volume. Sonicate to dissolve. Dilute with water to
volume. Mix, and allow to warm to room temperature.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm;
5-µm packing USP37
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L1
Column temperature: 25 ± 5
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—For the relative retention times, see Table 1.]
Suitability requirements
Resolution: NLT 6.0 between flutamide and o-flutamide, System suitability solution
Tailing factor: NMT 2.0, Standard solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of flutamide (C11 H11 F 3 N2 O3 ) in the portion of Flutamide taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak area from the Sample solution
rS= peak area from the Standard solution
C=
S concentration of USP Flutamide RS in the Standard solution (mg/mL)
C=
U concentration of Flutamide in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–101.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II

231 : NMT 10 ppm

Change to read:
• Organic Impurities
Mobile phase, Diluent, Standard solution, Sample solution, and Chromatographic
system: Prepare as directed in the Assay.
System suitability stock solution: 1 mg/mL of USP o-Flutamide RS, prepared as follows.
Transfer 50 mg of USP o-Flutamide RS to a 50-mL volumetric flask, dissolve in 10 mL of
acetonitrile, and dilute with water to volume.
1 mg/mL each of USP o-Flutamide RS, USP Flutamide Related Compound A RS, and USP
Flutamide Related Compound B RS, prepared as follows. Dissolve the Standards in
acetonitrile using 20% of the final volume. Sonicate to dissolve. Dilute with water to
volume. Mix, and allow to warm to room temperature. USP37
System suitability solution:
10 µg/mL each of USP o-Flutamide RS, USP Flutamide Related Compound A RS, USP
Flutamide Related Compound B RS, and USP Flutamide RS USP37
in Diluent, prepared from the System suitability stock solution and Standard solution
Sensitivity solution: 0.1 µg/mL of USP Flutamide RS from the Standard solution in Diluent
System suitability
Samples: System suitability solution and Sensitivity solution
[Note—For the relative retention times, see Table 1.]
Suitability requirements
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Resolution: NLT 6.0 between flutamide and o-flutamide, System suitability solution
NLT 6.0 between flutamide and o-flutamide; NLT 2.0 between flutamide related
compound A and flutamide related compound B, System suitability solution USP37
Relative standard deviation: NMT 10.0% for flutamide, Sensitivity solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity in the portion of Flutamide taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak area for each impurity
r=
T sum of all the peak responses
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Table 1
Relative
Retention
Time

Name
4-Nitro-3-trifluoromethyl acetanilide
Flutamide related compound Ba USP37
4-Nitro-3-trifluoromethyl aniline
Flutamide related compound Ab USP37
3-(Trifluoromethyl)aniline
4-Nitro-3-trifluoromethyl propionanilide
Propionyl analogc USP37
3-Trifluoromethyl isobutyranilide
Desnitroflutamided USP37
o-Flutamide
e

USP37

Flutamide
Any unknown impurity
Total impurities
a
b
c
d
e

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

0.42

1.06

0.2

0.45
0.63

1.10
1.10

0.15
0.2

0.66

1.02

0.3

0.80

1.95

0.2

1.40
1.0
—
—

1.78
—
1.0
—

0.2
—
0.05
0.4

N-[4-Nitro-3-(trifluoromethyl)phenyl]acetamide.
4-Nitro-3-(trifluoromethyl)aniline.
N-[4-Nitro-3-(trifluoromethyl) phenyl]propionamide.
N-[3-(Trifluoromethyl)phenyl]isobutyramide.
N-[2-Nitro-3-(trifluoromethyl)phenyl]isobutyramide.
USP37

SPECIFIC TESTS
Delete the following:
• Melting Range or Temperature

741 : 110 –114 ; the range between the beginning and

the end of melting does not exceed 2 .
• Loss on Drying 731

USP37
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Analysis: Dry a sample in vacuum at 60 for 3 h.
Acceptance criteria: NMT 0.5%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
Change to read:
• USP Reference Standards 11
USP Flutamide RS
USP o-Flutamide RS
N-[2-Nitro-3-(trifluoromethyl)phenyl]isobutyramide.
C11 H11 F 3 N2 O3
276.21
USP Flutamide Related Compound A RS
4-Nitro-3-(trifluoromethyl)aniline.
C7 H5 F 3 N2 O2
206.12
USP Flutamide Related Compound B RS
N-[4-Nitro-3-(trifluoromethyl)phenyl]acetamide.
C9 H7 F 3 N2 O3
248.16
USP37

BRIEFING
Heparin Lock Flush Solution, USP 35 page 3402 and PF 38(5) [Sept.–Oct. 2012]. The
chromogenic anti-factor IIa assay and anti-factor Xa assay have been moved to the general
chapter for heparin potency assays, Anti-Factor Xa and Anti-Factor IIa Assays for
Unfractionated and Low Molecular Weight Heparins 208 (to appear in the First
Supplement to USP 36).Therefore, it is proposed to remove these procedures from the
current monograph and include a reference to 208 . It is also proposed to change the
storage conditions in the Packaging and Storage section. Finally, it is proposed to include in
the Labeling section a reference to the general chapter Labeling

7 (planned).

(BB1: A. Szajek.)
Correspondence Number—C120843

Comment deadline: January 31, 2013
Heparin Lock Flush Solution
DEFINITION
Change to read:
Heparin Lock Flush Solution is a sterile preparation of Heparin Sodium Injection with sufficient
Sodium Chloride to make it isotonic with blood. Its potency
Heparin sodium used in the manufacture of Heparin Lock Flush Solution complies with the
compendial requirements stated in the Heparin Sodium monograph. The potency of Heparin Lock
Flush Solution USP37
is NLT 90.0% and NMT 120.0% of the potency stated on the label in terms of USP Heparin
Units. It contains NMT 1.00% of sodium chloride (NaCl). It may contain a suitable preservative.
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ASSAY
Change to read:
• Anti-Factor IIa Potency
pH 8.4 buffer: Dissolve 6.10 g of tris(hydroxymethyl)aminomethane, 10.20 g of sodium
chloride, 2.80 g of edetate sodium, and, if suitable, between 0 and 10.00 g of
polyethylene glycol 6000 and/or 2.00 g of bovine serum albumin in 800 mL of water.
[Note—2.00 g of human albumin may be substituted for 2.00 g of bovine serum albumin.]
Adjust with hydrochloric acid to a pH of 8.4, and dilute with water to 1000 mL.
Antithrombin solution: Reconstitute a vial of antithrombin (see Reagents, Indicators,
and Solutions—Reagent Specifications) in water to obtain a solution of 5 Antithrombin
IU/mL. Dilute this solution with pH 8.4 buffer to obtain a solution having a concentration
of 0.125 Antithrombin IU/mL.
Thrombin human solution: Reconstitute thrombin human (factor IIa) (see Reagents,
Indicators, and Solutions—Reagent Specifications) in water to give 20 Thrombin IU/mL,
and dilute with pH 8.4 buffer to obtain a solution having a concentration of 5 Thrombin
IU/mL. [Note—The thrombin should have a specific activity of NLT 750 IU/mg.]
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic thrombin
substrate for amidolytic test (see Reagents, Indicators, and Solutions—Reagent
Specifications) in water to obtain a concentration of 1.25 mM.
Standard solutions: Reconstitute the entire contents of an ampul of USP Heparin Sodium
for Assays RS with water, and dilute with pH 8.4 buffer to obtain at least four dilutions in
the concentration range between 0.005 and 0.03 USP Heparin Unit/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain concentrations of
Heparin Lock Flush Solution similar to those obtained for the Standard solutions.
Analysis
[Note—The procedure can also be performed using alternative platforms.]
For each dilution of the Standard solutions and the Sample solutions, at least duplicate
samples should be tested. Label a suitable number of tubes, depending on the number of
replicates to be tested. For example, if five blanks are to be used: B1, B2, B3, B4, and B5
for the blanks; T1, T2, T3, and T4 each at least in duplicate for the dilutions of the
Sample solutions; and S1, S2, S3, and S4 each at least in duplicate for the dilutions of
the Standard solutions. Distribute the blanks over the series in such a way that they
accurately represent the behavior of the reagents during the experiments. [Note—Treat
the tubes in the order B1, S1, S2, S3, S4, B2, T1, T2, T3, T4, B3, T1, T2, T3, T4, B4,
S1, S2, S3, S4, B5.] Note that after each addition of a reagent, the incubation mixture
should be mixed without allowing bubbles to form. Add twice the volume (100–200 µL) of
Antithrombin solution to each tube containing one volume (50–100 µL) of either the pH
8.4 buffer or an appropriate dilution of the Standard solutions or the Sample solutions.
Mix, but do not allow bubbles to form. Incubate at 37 for at least 1 min. Add to each
tube 25–50 µL of Thrombin human solution, and incubate for at least 1 min. Add 50–100
µL of Chromogenic substrate solution. Please note that all reagents, Standard solutions,
and Sample solutions should be prewarmed to 37 just before use. Two different types of
measurements can be recorded:
1.Endpoint measurement: Stop the reaction after at least 1 min with 50–100 µL of
Stopping solution. Measure the absorbance of each solution at 405 nm using a
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suitable spectrophotometer (see Spectrophotometry and Light-Scattering 851
). The RSD over the blank readings is less than 10%.
2.Kinetic measurement: Follow the change in absorbance for each solution over 1 min
at 405 nm using a suitable spectrophotometer (see Spectrophotometry and
Light-Scattering 851 ). Calculate the change in absorbance/min (DOD/min).
The blanks for kinetic measurement are also expressed as DOD/min and should
give the highest values because they are carried out in the absence of heparin.
The RSD over the blank readings is less than 10%.
Calculations: The statistical models for Slope ratio assay or Parallel-line assay can be
used, depending on which model best describes the correlation between concentration
and response.
Parallel-line assay: For each series, calculate the regression of the absorbance or
change in absorbance/min against log concentrations of the Standard solutions and the
Sample solutions, and calculate the potency of Heparin Lock Flush Solution in USP
Units/mL using statistical methods for parallel-line assays.
Slope ratio assay: For each series, calculate the regression of the log absorbance or the
log change in absorbance/min against concentrations of the Standard solutions and the
Sample solutions, and calculate the potency of Heparin Lock Flush Solution in USP
Units/mL using statistical methods for slope ratio assays.
(See Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular Weight
Heparins

208 , Anti-Factor IIa Activity for Unfractionated Heparin.)

USP37

Acceptance criteria: 90.0%–120.0%
• Sodium Chloride
Sample solution: Pipet 10 mL of Solution into a suitable container, dilute with water to
about 150 mL, and add 1.5 mL of potassium chromate TS.
Analysis: Titrate with 0.1 N silver nitrate. Each mL of 0.1 N silver nitrate is equivalent to
5.844 mg of NaCl.
Acceptance criteria: NMT 1.00% USP37
SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 0.5 USP Endotoxin Unit/mL

• Particulate Matter in Injections
injections
• pH

788 : Meets the requirements for small-volume

791 : 5.0–7.5

• Other Requirements: It meets the requirements for Injections

1 .

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose, prefilled syringes or containers; in
multiple-dose containers, preferably of Type I glass;
or in suitable plastic containers. (IRA 1-Mar-2013)
Change to read:
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• Labeling
Labeling 7 : USP37
Label it to indicate the volume of the total contents and to indicate the potency in terms of
USP Heparin Units only per mL, except that single unit-dose containers may be labeled
additionally to indicate the single unit-dose volume and the total number of USP Heparin
Units. Where it is labeled with total content, the label states clearly that the entire
contents are to be used or, if not, any remaining portion is to be discarded.
(IRA 1-Mar-2013)

Label it to indicate the organ and species from which the heparin sodium is derived. The label
states also that the Solution is intended for maintenance of patency of intravenous
injection devices only, and that it is not to be used for anticoagulant therapy. The label
states also that in the case of the Solution having a concentration of 10 USP Heparin
Units/mL, it may alter, and that in the case of higher concentrations, it will alter, the
results of blood coagulation tests.
• USP Reference Standards 11
USP Endotoxin RS
USP Heparin Sodium for Assays RS
BRIEFING
Heparin Sodium, USP 35 page 3403. Because of the suspected serious adverse events
associated with the contamination of heparin with oversulfated chondroitin sulfate, USP has
further revised the USP Heparin Sodium monograph. On the basis of comments received on
the published and new methods submitted by the industry, it is proposed to make the
following changes:
1.
Procedural improvements are added to increase sensitivity of the 1H NMR Identification
test. The concentration of oversulfated chondroitin sulfate in the System suitability
solution is lowered to 0.3% (w/w).
2.
On the basis of public comments and supporting data, the strong ion-exchange HPLC
method is optimized to shorten run time and to improve the resolution between
heparin and chondroitin sulfate. The liquid chromatographic procedures are based on
analyses performed with the Dionex brand of L61 guard and analytical columns, IonPac AG11-HC and Ion-Pac AS11-HC, respectively. Typical retention times are about
17, 22, and 30 min for dermatan sulfate, heparin, and oversulfated chondroitin
sulfate, respectively.
3.
Another Identification test, Molecular Weight Determinations, is added. M24000 is NMT
20%, Mw is between 15,000 Da and 19,000 Da, and the ratio of M8000–16000 to M16000–
24000 is NLT 1.0. The liquid chromatographic procedures are based on analyses
performed with the Tosoh Biosciences brand of 7.8-mm × 30-cm (TSK 4000 SWXL)
and 7.8-mm × 30-cm (TSK 3000 SWXL) columns in series.
4.
The chromogenic anti-factor IIa assay and anti-factor Xa assay have been moved to
the USP general chapter for heparin potency assays Anti-Factor Xa and Anti-Factor
IIa Assays for Unfractionated and Low Molecular Weight Heparins 208 .
5.
A new impurity test to quantitatively measure nucleotidic impurities is added. The liquid
chromatographic procedures are based on analyses performed with the Phenomenex
brand of L1 column, Synergi Fusion RP, 4.6-mm × 15 cm. A lower limit of 0.1% (w/w)
is proposed.
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6.
An improved residual proteins test with a step to remove interfering substances is
added. A lower limit of 0.1% (w/w) is proposed.
(BIO1: A. Szajek.)
Correspondence Number—C79193

Comment deadline: January 31, 2013
Heparin Sodium
DEFINITION
Change to read:
Heparin Sodium is the sodium salt of sulfated glycosaminoglycans present as a mixture of
heterogeneous molecules varying in molecular weights that retains a combination of activities
against different factors of the blood clotting cascade. It is present in mammalian tissues and is
usually obtained from the intestinal mucosa or other suitable tissues of domestic mammals used
for food by man. The sourcing of heparin material must be specified in compliance with
applicable regulatory requirements. The manufacturing process should be validated to
demonstrate clearance and inactivation of relevant infectious and adventitious agents (e.g.,
viruses, TSE agents). See Viral Safety Evaluation of Biotechnology Products Derived from Cell
Lines of Human or Animal Origin 1050 for general guidance on viral safety evaluation.
The heparin manufacturing process should also be validated to demonstrate clearance of
lipids. USP37
It is composed of polymers of alternating derivatives of -d-glucosamido (N-sulfated, Osulfated, or N-acetylated) and O-sulfated uronic acid ( -l-iduronic acid or -d-glucuronic
acid). The component activities of the mixture are in ratios corresponding to those shown by
USP Heparin Sodium for Assays RS. Some of these components have the property of prolonging
the clotting time of blood. This occurs mainly through the formation of a complex of each
component with the plasma proteins antithrombin and heparin cofactor II to potentiate the
inactivation of thrombin (factor IIa). Other coagulation proteases in the clotting sequence,
such as activated factor X (factor Xa), are also inhibited. The ratio of anti-factor Xa activity
to anti-factor IIa potency is between 0.9 and 1.1. The potency of Heparin Sodium, calculated
on the dried basis, is NLT 180 USP Heparin Units in each mg.
IDENTIFICATION
Change to read:
• A. 1H NMR spectrum
(See Nuclear Magnetic Resonance 761 .)
Standard solution: NLT 20 mg/mL of USP Heparin Sodium Identification RS in deuterium
oxide with 0.02%
0.002% USP37
(w/v) deuterated trimethylsilylpropionic (TSP) acid sodium salt
System suitability solution: Prepare 1%
0.3% USP37
(w/w) USP Oversulfated Chondroitin Sulfate RS in the Standard solution.
Sample solution: NLT 20 mg/mL of Heparin Sodium in deuterium oxide with 0.02%
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0.002% USP37
(w/v) deuterated TSP.
[Note—EDTA may be added to the Sample solution to NMT 12 µg/mL. In the event that
EDTA is added to the Sample solution, spectra should be recorded and compared both
with and without addition of EDTA.] USP37
Instrumental conditions
(See Nuclear Magnetic Resonance 761 .)
Mode: NMR, pulsed (Fourier transform)
Frequency: NLT 500 MHz (for 1H)
Temperature: 25
20 –30 USP37
System suitability
Samples: Standard solution and System suitability solution
Using a pulsed (Fourier transform) NMR spectrometer operating at NLT 500 MHz for 1H,
acquire a free induction decay (FID) using NLT 16 scans using a 90 pulse, and 20-s delay
an acquisition time of NLT 2-s, and at least a 10-s delay. USP37
Record the 1H NMR spectra of the Standard solution and the System suitability solution at
25
a stable temperature between 20 –30 .

USP37

Collect the 1H NMR spectrum with a spectral window of at least 10 to 2 ppm and without
spinning. The number of transients should be adjusted until the signal-to-noise ratio of the
N-acetyl heparin signal in the Standard solution is at least 1000/1 in the region near 2
ppm. The Standard solution shall be run at least daily when Sample solutions are being
run. For all samples, the TSP methyl signal should be set to 0.00 ppm. The chemical shift
for the N-acetyl resonance of heparin and oversulfated chondroitin sulfate in the System
suitability solution should be observed at 2.05 ± 0.02 and 2.16 ± 0.03 ppm, respectively.
Record the 1H NMR spectrum of the Sample solution at 25
a stable temperature between 20–30 . USP37
Draw a baseline from 8.00 ppm to 0.10 ppm. The ppm values for H1 of GlcNAc/GlcNS, 6S
(signal 1), H1 of IdoA2S (signal 2), the H2 of GlcNS (signal 3), and the methyl of GlcNAc
(signal 4) of heparin are present at 5.42, 5.21, 3.28 (doublet centered at 3.28 ppm), and
2.05 ppm, respectively.1 The ppm values
chemical shifts USP37
of these signals do not differ by more than ±0.03 ppm. Measure the signal heights above
the baseline of signal 1 and signal 2, and calculate the mean of these signal heights.
Other signals of variable heights and ppm values, attributable to heparin and HOD, may be
seen between signal 2 and 4.55 ppm. Residual solvent signals may be observed in the
0.10–3.00
3.75 USP37
range. Heparin Sodium must meet the requirements stated in Residual Solvents 467 .
Suitability requirements
Number of transients: Adjust until the signal-to-noise ratio of the N-acetyl heparin
signal in the Standard solution is at least 1000/1 in the region near 2 ppm.
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Chemical shift: The TSP methyl signal should be set to 0.00 ppm for all samples.
Chemical shifts (for the N-acetyl resonance of heparin and oversulfated chondroitin
sulfate
in the System suitability solution): USP37
Should be observed at 2.05 ± 0.02 and 2.16 ± 0.03 ppm, respectively. System
suitability solution
USP37

Analysis
Sample: Sample solution
Acceptance criteria: No unidentified signals greater than 4% of the mean of signal height
of 1 and 2 are present in the following ranges: 0.10–2.00, 2.10–3.20, and 5.70–8.00 ppm.
No signals greater than 200% signal height of the mean of the signal height of 1 and 2 are
present in the 3.35–4.55 ppm for porcine heparin.
Change to read:
• B. Chromatographic Identity
Solution A: Dissolve 0.8 g of monobasic sodium phosphate dihydrate in 2 L of water, and
adjust with phosphoric acid to a pH of 3.0. Pass the solution through a filter membrane
with a 0.45-µm pore size, and degas before use.
Solution B: Dissolve 0.8 g of monobasic sodium phosphate dihydrate and 280 g of sodium
perchlorate monohydrate in 2 L of water, and adjust with phosphoric acid to a pH of 3.0.
Pass the solution through a filter membrane with a 0.45-µm pore size, and degas before
use.
Mobile phase: See the gradient table below
Table 1. USP37
Table 1 USP37
Time
Solution A Solution B
(min)
(%)
(%)
0
60
30

USP37

80

20

10

90

80

20

61
31

USP37

75

Elution
USP37

Equilibration
USP37

Linear gradient
USP37

Linear gradient
USP37

Re-equilibration
45 USP37
80
20
USP37
Standard solution: NLT 20 mg/mL of USP Heparin Sodium Identification RS in water
System suitability solution: Prepare 1%
0.1% USP37
(w/w) USP Oversulfated Chondroitin Sulfate RS and 1%
0.5% USP37
(w/w) USP Dermatan Sulfate RS in the Standard solution.
Sample solution: NLT 20 mg/mL of Heparin Sodium in water
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 202 nm
Column: 2-mm × 25-cm; packing L61
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USP37

Guard column: 2-mm × 50-mm
5-cm; USP37
packing L61
Column temperature: Maintain columns at 40
Flow rate: 0.22 mL/min
Injection size: 10 µL
Injection volume: 20 µL USP37
System suitability
Sample: System suitability solution
[Note—The retention times for dermatan sulfate, heparin, and oversulfated chondroitin
sulfate are about 20, 30, and 50
17, 22, and 30 USP37
min, respectively.]
Suitability requirements
Resolution: NLT 1.0 between the dermatan sulfate and heparin peaks, and NLT 1.5
between the heparin and oversulfated chondroitin sulfate
Relative standard deviation: NMT 2% for the heparin peak
area USP37
determined from three replicate injections
Analysis
Samples: Standard solution and Sample solution
Record the chromatograms, and measure the retention times for the major peaks.
Acceptance criteria: The retention time of the major peak from the Sample solution
corresponds to that of the Standard solution.
Change to read:
• C. Anti-Factor Xa to Anti-Factor IIa Ratio
Anti-factor Xa activity
pH 8.4 buffer: Dissolve amounts of tris(hydroxymethyl)aminomethane, edetic acid, and
sodium chloride in water containing 0.1% of polyethylene glycol 6000 to obtain a solution
having concentrations of 0.050, 0.0075, and 0.175 M, respectively. Adjust, if necessary,
with hydrochloric acid or sodium hydroxide solution to a pH of 8.4.
Antithrombin solution: Reconstitute a vial of antithrombin (see Reagents, Indicators,
and Solutions—Reagent Specifications) as directed by the manufacturer, and further
dilute with pH 8.4 buffer to obtain a solution having a concentration of 1.0 Antithrombin
IU/mL.
Factor Xa solution: Reconstitute bovine factor Xa as directed by the manufacturer (see
Factor Xa in Reagents, Indicators, and Solutions—Reagent Specifications), and further
dilute in pH 8.4 buffer to obtain a solution that gives an absorbance value between 0.65
and 1.25 at 405 nm when assayed as described below but using 30 µL of pH 8.4 buffer
instead of 30 µL of the Standard solutions or the Sample solutions. [Note—Factor Xa
solution contains about 3 nanokatalytic units/mL, but can vary depending upon the
manufacturer of factor Xa or the substrate used.]
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic substrate
for amidolytic test (see Reagents, Indicators, and Solutions—Reagent Specifications)
specific for factor Xa in water to obtain a concentration of 1 mM.
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Stopping solution: 20% (v/v) solution of acetic acid
Standard solutions: Reconstitute the entire contents of an ampule of USP Heparin
Sodium for Assays RS with water, and dilute with pH 8.4 buffer to obtain at least five
dilutions in the concentration range between 0.03 and 0.375 USP Heparin Units/mL.
Sample solutions: Dissolve or dilute a measured quantity of Heparin Sodium in pH 8.4
buffer, and dilute with the same buffer to obtain solutions having activities approximately
equal to those of the Standard solutions.
Analysis
[Note—The procedure can also be performed using alternative platforms. Perform the test
with each Standard solution and Sample solution in duplicate.]
To each of a series of suitable plastic tubes placed in a water bath set at 37 , transfer
120 µL of pH 8.4 buffer. Then separately transfer 30 µL of the different dilutions of the
Standard solutions or the Sample solutions to the tubes. Add 150 µL of Antithrombin
solution, prewarmed at 37 for 15 min, to each tube, mix, and incubate for 2 min. Add
300 µL of Factor Xa solution, prewarmed at 37 for 15 min, to each tube, mix, and
incubate for 2 min. Add 300 µL of Chromogenic substrate solution, prewarmed at 37 for
15 min, to each tube, mix, and incubate for exactly 2 min. Add 150 µL of Stopping
solution to each tube, and mix. Prepare a blank for zeroing the spectrophotometer by
adding the reagents in reverse order, starting with the Stopping solution and ending with
the addition of 150 µL of pH 8.4 buffer, and excluding the Standard solutions or the
Sample solutions. Record the absorbance at 405 nm against the blank.
Calculations: Plot the log of the absorbance values of the Standard solutions and the
Sample solutions versus the heparin concentrations in USP Units. Calculate the activity
of Heparin Sodium in USP Units/mg using statistical methods for slope ratio assays.
Calculate the anti-factor Xa activity of Heparin Sodium:
Result = A × (ST/SS)
A= potency of USP Heparin Sodium for Assays RS
S=
T slope of the line for the Sample solutions
S=
S slope of the line for the Standard solutions
Express the anti-factor Xa activity of the Sample solution as USP Heparin Units/mg,
calculated on the dried basis.
Calculate the ratio of anti-factor Xa activity against anti-factor IIa potency (see the
Assay):
Result = anti-factor Xa activity/anti-factor IIa potency
Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular
Weight Heparins, Anti-factor Xa Assay for Unfractionated Heparin 208

USP37

Acceptance criteria: 0.9–1.1
Add the following:
• D. Molecular Weight Determinations
1 M Ammonium Acetate solution: Accurately weigh 77.1 g of ammonium acetate, and
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dissolve in 1 L of water.
1% Sodium azide solution: Dissolve 1 g of sodium azide in 100 mL of water.
Mobile phase: Transfer 100 mL of 1 M Ammonium acetate solution to a 1-L volumetric
flask, add 20 mL of 1% Sodium azide solution, and dilute with water to volume. Filter using
a nylon membrane with a 0.2-µm pore size prior to use.
Calibration solution: Prepare by dissolving 10 mg of the USP Heparin Sodium Molecular
Weight Calibrant RS in 2 mL of Mobile phase, and filter using a nylon membrane with a 0.2µm pore size.
Sample solution: Dissolve about 10 mg of Heparin Sodium sample in 2 mL of Mobile phase,
and filter using a nylon membrane with a 0.2-µm pore size.
System suitability solution: 5 mg/mL of USP Heparin Sodium Identification RS in Mobile
phase. Filter using a nylon membrane with a 0.2-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
[Note—The temperature of refractive index detector must be set at the same temperature
as the Column temperature.]
Mode: LC
Detector: Refractive index
Columns: One 7.8-mm × 30-cm, 5-µm packing L59 in series with a 7.8-mm × 30-cm, 8µm packing L593
Guard column: 6-mm × 4-cm; 7-µm packing L59
Column temperature: 30
Flow rate: 0.6 mL/min ± 0.1%
Column equilibration: 0.6 mL/min for 2 h
Injection volume: 20 µL
System suitability
Sample: System suitability solution (duplicate injections)
Suitability requirements
Weight-average molecular weight (Mw): Take the mean of the calculated Mw from
the duplicate injections of the System suitability solution, and round up to the nearest
100 Da. The chromatographic system is suitable if the Mw of the System suitability
sample is within 500 Da of the labeled value as stated in the USP Certificate for USP
Heparin Sodium Identification RS.
Peak molecular weights (Mp): The peak molecular weights (Mp) of the duplicate
injections of the System suitability solution do not differ by more than 5% of the upper
value.
Resolution: There is baseline resolution between the heparin and salt peaks.
Calibration curve: The linear regression coefficient of the calibration curve fitted to
the Broad Standard Table values must be NLT 0.990, using a third order polynomial
equation.
Analysis
Samples: Inject 20 µL of the System suitability solution (duplicate injections), Sample
solution (duplicate injection), and Calibrant solution (single injection), and record the
chromatograms for a length of time to ensure complete elution, including salt and
solvent peaks (about 50 min). [Note—The calibrant, standard, or sample of heparin will
give a broad heparin peak between about 20 and 40 min, followed by a later eluting
narrow salt peak, as illustrated in the USP Certificate for USP Heparin Sodium Molecular
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Weight Calibrant RS.]
Calculations: Calculate the total area under the heparin peak in the Calibration solution
chromatogram, and the cumulative area at each point under the peak as a percent of
the total. Do not include the salt peak. Using the Broad Standard Table provided in the
USP Certificate for USP Heparin Sodium Molecular Weight Calibrant RS, identify those
points in the chromatogram for which the percent cumulative area is closest to the
percent fractions listed in the Table, and assign the molecular weight (MW) in the Table
to the corresponding retention time (RT) in the chromatogram. For the set of retention
times and molecular weights identified, fit log(MW) vs. RT to a third-order polynomial
function using suitable gel permeation chromatography (GPC) software. [or: find values
of a, b, c, and d such that log(Mw) = a + b(RT) + c(RT)2 + d(RT)3].
Using the same GPC software, for each of the duplicate chromatograms of the System
suitability solution and the Sample solution, with the calibration function derived as
described above, calculate Mw according to the following formula:
Mw = S(RIiMi)/SRIi
where the detector response at each point is defined as RIi and the MW at each point as
Mi. Round up the mean value of Mw to the nearest 100 Da.
Using the same GPC software, determine for each of the duplicate Sample solution
chromatograms: the percentage of heparin with molecular weights lower than 8,000 Da,
M8000, the percentage of heparin with molecular weight in the range 8,000–16,000,
M8000–16000, the percentage of heparin with molecular weight in the range 16,000–
24,000, M16000–24000, and the percentage of heparin with molecular weight greater than
24,000, M24000. Round the mean percentage values to the nearest 1%.
Acceptance criteria: M24000 is NMT 20%, Mw is between 15,000 Da and 19,000 Da, and
the ratio of M8000–16000 to M16000–24000 is NLT 1.0. USP37
Change to read:
• D
E. USP37
Identification Tests—General, Sodium
for sodium.

191 : It meets the requirements of the flame test

ASSAY
Change to read:
• Anti-Factor IIa Potency
pH 8.4 buffer: Dissolve 6.10 g of tris(hydroxymethyl)aminomethane, 10.20 g of sodium
chloride, 2.80 g of edetate sodium, and, if suitable, between 0 and 10.00 g of
polyethylene glycol 6000 and/or 2.00 g of bovine serum albumin in 800 mL of water.
[Note—2.00 g of human albumin may be substituted for 2.00 g of bovine serum albumin.]
Adjust with hydrochloric acid to a pH of 8.4, and dilute with water to 1000 mL.
Antithrombin solution: Reconstitute a vial of antithrombin (see Reagents, Indicators,
and Solutions—Reagent Specifications) in water to obtain a solution of 5 Antithrombin
IU/mL. Dilute this solution with pH 8.4 buffer to obtain a solution having a concentration
of 0.125 Antithrombin IU/mL.
Thrombin human solution: Reconstitute thrombin human (factor IIa) (see Reagents,
Indicators, and Solutions—Reagent Specifications) in water to give 20 Thrombin IU/mL,
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and dilute with pH 8.4 buffer to obtain a solution having a concentration of 5 Thrombin
IU/mL. [Note—The thrombin should have a specific activity of NLT 750 IU/mg.]
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic thrombin
substrate for amidolytic test (see Reagents, Indicators, and Solutions—Reagent
Specifications) in water to obtain a concentration of 1.25 mM.
Stopping solution: 20% (v/v) solution of acetic acid
Standard solutions: Reconstitute the entire contents of an ampule of USP Heparin
Sodium for Assays RS with water, and dilute with pH 8.4 buffer to obtain at least four
dilutions in the concentration range between 0.005 and 0.03 USP Heparin Unit/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain concentrations of
Heparin Sodium similar to those obtained for the Standard solutions.
Analysis
[Note—The procedure can also be performed using alternative platforms.]
For each dilution of the Standard solutions and the Sample solutions, at least duplicate
samples should be tested. Label a suitable number of tubes, depending on the number of
replicates to be tested. For example, if five blanks are to be used: B1, B2, B3, B4, and B5
for the blanks; T1, T2, T3, and T4 each at least in duplicate for the dilutions of the
Sample solutions; and S1, S2, S3, and S4 each at least in duplicate for the dilutions of
the Standard solutions. Distribute the blanks over the series in such a way that they
accurately represent the behavior of the reagents during the experiments. [Note—Treat
the tubes in the order B1, S1, S2, S3, S4, B2, T1, T2, T3, T4, B3, T1, T2, T3, T4, B4,
S1, S2, S3, S4, B5.] Note that after each addition of a reagent, the incubation mixture
should be mixed without allowing bubbles to form. Add twice the volume (100–200 µL) of
Antithrombin solution to each tube containing one volume (50-100 µL) of either the pH
8.4 buffer or an appropriate dilution of the Standard solutions or the Sample solutions.
Mix, but do not allow bubbles to form. Incubate at 37 for at least 1 min. Add to each
tube 25–50 µL of Thrombin human solution, and incubate for at least 1 min. Add 50–100
µL of Chromogenic substrate solution. Please note that all reagents, Standard solutions,
and Sample solutions should be prewarmed to 37 just before use. Two different types of
measurements can be recorded:
1.Endpoint measurement: Stop the reaction after at least 1 min with 50–100 µL of
Stopping solution. Measure the absorbance of each solution at 405 nm using a
suitable spectrophotometer (see Spectrophotometry and Light-Scattering 851
). The RSD over the blank readings is less than 10%.
2.Kinetic measurement: Follow the change in absorbance for each solution over 1 min
at 405 nm using a suitable spectrophotometer (see Spectrophotometry and
Light-Scattering 851 ). Calculate the change in absorbance/min (DOD/min).
The blanks for kinetic measurement are also expressed as DOD/min and should
give the highest values because they are carried out in the absence of heparin.
The RSD over the blank readings is less than 10%.
Calculations: The statistical models for Slope ratio assay or Parallel-line assay can be
used, depending on which model best describes the correlation between concentration
and response.
Parallel-line assay: For each series, calculate the regression of the absorbance or
change in absorbance/min against log concentrations of the Standard solutions and the
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Sample solutions, and calculate the potency of Heparin Sodium in USP Units/mL using
statistical methods for parallel-line assays. Express the potency of Heparin Sodium/mg,
calculated on the dried basis.
Slope ratio assay: For each series, calculate the regression of the log absorbance or
the log change in absorbance/min against concentrations of the Standard solutions and
the Sample solutions, and calculate the potency of Heparin Sodium in USP Units/mL
using statistical methods for slope ratio assays. Express the potency of Heparin
Sodium/mg, calculated on the dried basis.
Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular
Weight Heparins, Anti-factor Xa Assay for Unfractionated Heparin 208

USP37

Acceptance criteria: The potency of Heparin Sodium, calculated on the dried basis, is NLT
180 USP Heparin Units in each mg.
OTHER COMPONENTS
• Nitrogen Determination, Method I 461 : 1.3%–2.5%, calculated on the dried basis, using
the procedure for Nitrates and Nitrites Absent
IMPURITIES
• Residue on Ignition 281 : 28.0%–41.0%
• Heavy Metals, Method II

231 : NMT 30 ppm

Change to read:
• Limit of Galactosamine in Total Hexosamine (a measure of dermatan sulfate and other
galactosamine containing impurities)
Mobile phase: 14 mM potassium hydroxide
Glucosamine standard solution: 1.6 mg/mL of USP Glucosamine Hydrochloride RS in 5 N
hydrochloric acid
Galactosamine standard solution: 16 µg/mL of USP Galactosamine Hydrochloride RS in 5
N hydrochloric acid
Standard solution: Mix equal volumes of the Glucosamine standard solution and the
Galactosamine standard solution.
Hydrolyzed standard solution: Transfer 5 mL of the Standard solution to a 7-mL screwcap test tube, cap, and heat for 6 h at 100 . Cool to room temperature, quantitatively
transfer the solution to a 500-mL volumetric flask, and dilute with water to volume.
Sample solution: Transfer 12 mg of Heparin Sodium to a 7-mL screw-cap test tube,
dissolve in 5 mL of 5 N hydrochloric acid, and cap.
Hydrolyzed sample solution: Heat the Sample solution for 6 h at 100 . Cool to room
temperature, and dilute with water (1 in 100).
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: HPIC
Detector: Pulsed amperometric detector, set to the following waveform.
See Table 2. USP37
Table 2

USP37
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4

Time Potential
(s)
(V)
Integration
0.00
+0.1
—
0.20
+0.1
Begins
0.40
+0.1
Ends
—
0.41
2.0

5
6

0.42
0.43

2.0
+0.6

7

0.44

0.1

Step
1
2
3

—
—
—

—
8
0.50
0.1
Column: 3-mm × 30-mm amino acid trap column in series with a 3- × 30-mm
3-mm × 3-cm USP37
guard column and a 3-mm × 15-cm column that contains packing L69
Column temperature: Maintain columns at
USP37

30
Flow rate: 0.5 mL/min
Pre-equilibration: At least 60 min with Mobile phase
Injection size
volume: USP37
10 µL
Elution: 10 min with Mobile phase
Column cleaning: At least 10 min with 100 mM potassium hydroxide
Equilibration: At least 10 min with Mobile phase before each injection
System suitability
Sample: Hydrolyzed standard solution
Suitability requirements
Resolution: NLT 2 between the galactosamine and glucosamine peaks
Column efficiency: NLT 2000 theoretical plates for glucosamine
Tailing factor: Between 0.8 and 2.0 for the galactosamine and glucosamine peaks
Analysis
Samples: Hydrolyzed standard solution and Hydrolyzed sample solution
Record the chromatograms, and measure the responses for the peaks at the retention
time of galactosamine and glucosamine. Calculate the response ratio of galactosamine to
glucosamine (GalNR) in the Hydrolyzed standard solution:
Result = (GalNB/GalNW) × (GlcNW/GlcNB)
GalNB= peak area of galactosamine from the Hydrolyzed standard solution
GalNW
= weight of galactosamine for the Standard solution
GlcNW
= weight of glucosamine for the Standard solution
GlcNB= peak area of glucosamine from the Hydrolyzed standard solution
Calculate the percentage of galactosamine in the portion of total hexosamine taken:
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Result = {[(GalNU/GalNR)]/[(GalNU/GalNR) + GlcNU]} × 100
GalN=
U peak area of galactosamine from the Hydrolyzed sample solution
GalN=
R response ratio of galactosamine
GlcN=
U peak area of glucosamine from the Hydrolyzed sample solution
Acceptance criteria: The percent galactosamine peak area of the total hexosamine of the
Hydrolyzed sample solution must be NMT 1%.
Change to read:
• Nucleotidic Impurities
(See Biotechnology-Derived Articles—Total Protein Assay
modifications.)

1057 , Method 1, with the following

Analysis: Dissolve 40 mg of Heparin Sodium in 10 mL of water. Measure the absorbance of
this solution at 260 nm using the light-scattering correction procedure of BiotechnologyDerived Articles—Total Protein Assay 1057 , Method 1.
Acceptance criteria: The absorbance of this solution at 260 nm is NMT 0.20.
Solution A: Dissolve 3.08 g of ammonium acetate in 2 L of water, and adjust with glacial
acetic acid to a pH of 4.4 ± 0.2. Degas for 2 min under vacuum with sonication before
use.
Solution B: 100% acetonitrile. Degas for 1 min under vacuum with sonication before
use.
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
98
2
5.00
98
2
15.00
80
20
20.00
80
20
20.10
98
2
25.00
98
2
Nucleoside identification solution: Accurately weigh and transfer about 25 mg of
uridine, guanosine, cytidine, thymidine, 2¢-deoxyadenosine, 2¢-deoxyguanosine, 2¢deoxycytidine, and 5-methyl-2¢-deoxycytidine into a 200-mL volumetric flask, add
approximately 185 mL of water, and dissolve with sonication and vortexing, if
necessary. Dilute with water to volume, and mix. Transfer 2.0 mL of this solution into a
100-mL volumetric flask, dilute with water to volume, and mix.
Adenosine stock solution: Accurately weigh and transfer 25 mg of USP Adenosine RS
into a 100-mL volumetric flask, add approximately 85 mL of water, and dissolve with
sonication and vortexing, if necessary. Dilute with water to volume, and mix.
Standard solution: Transfer 2.0 mL of the Adenosine stock solution into a 200-mL
volumetric flask, dilute with water, and mix.
System suitability solution: Transfer 2.0 mL of the Standard solution into a 100-mL
volumetric flask, dilute with water to volume, and mix.
Reaction buffer: Accurately weigh and transfer 0.41 g of magnesium chloride
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hexahydrate, 0.24 g of tris (hydroxymethyl)amino methane, and 0.58 g of sodium
chloride into a 100-mL volumetric flask, dissolve in 75 mL of water, and mix. Adjust with
1 N hydrochloric acid to a pH of 7.9 ± 0.1. Dilute with water to volume, and mix.
PDE I diluent: Transfer 5.0 mL of glycerol and 5.0 mL of the Reaction buffer into a 20mL flask, and vortex to mix.
PDE I solution: Carefully transfer the contents of one vial of phosphodiesterase I (PDE
I) into a 1000-µL eppendorf vial, and reconstitute with 1000 µL of PDE I diluent. Store
at 20 .
Enzyme digest solution: Add 10 µL of Benzonase4 , 222 Units of alkaline phosphase
(AP), and 125 µL of PDE I solution to 5.0 mL of Reaction buffer. Store at 20 .
Blank: Transfer 100 µL of water and 100 µL of Enzyme digest solution into a 250-µL
HPLC vial, and mix with a micropipette. Incubate NLT 60 min in the autosampler at 37
before injection.
Sample solution: Accurately weigh and transfer 400 mg of Heparin Sodium into a 20-mL
volumetric flask, dilute with water to volume, and mix. Transfer 100 µL of this solution
and 100 µL of Enzyme digest solution into a 250-µL HPLC vial, and mix. Incubate NLT
60 min in the autosampler at 37 before injection.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 15-cm; 4-µm packing L1
Column temperature: 20 ± 3
Autosampler temperature: 37 ± 1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 25 min
System suitability
Samples: System suitability solution, Standard solution, and Nucleoside identification
solution
Suitability requirements
Resolution: The resolution between the 2¢-deoxycytidine peak and the uridine peak is
NLT 1.3 for the injection of the Nucleoside identification solution.
Relative standard deviation: Inject six replicates of the Standard solution, and
record the chromatograms. The percent relative standard deviation (%RSD) of the
areas of the adenosine peak is NMT 10%.
Signal-to-noise ratio: The S/N of the adenosine peak in the System suitability
solution is NLT 10.
Analysis
Samples: Water, Blank, System suitability solution, Nucleoside identification solution,
Standard solution, and Sample solution
Record the chromatograms. Calculate the area reject value, Q:
Q = (10 × Asss )/(S/N)
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Asss= peak area of adenosine in the System suitability solution
S/N= signal-to-noise ratio of the adenosine peak in the System suitability solution
For the Standard solution, calculate the concentration of adenosine, in mg/mL:
Cs = Ws /DF
Cs= concentration of adenosine in the Standard solution (mg/mL)
W=
s weight of USP Adenosine RS (mg)
DF= 10,000 (dilution factor)
Calculate the percentage of nucleotidic impurities:
Result = S[(Cs /As ) × Ai × (MWratio/RRF i)] × (DF/Wsample) × 100
Cs = concentration of adenosine in the Standard solution (mg/mL)
As
= average peak area (n = 6) of adenosine in the Standard solution
Ai
= peak area of each impurity above Q in the Sample solution
MWratio= see Table 4
RRF i = relative response factor for the corresponding peak (see Table 4)
DF = dilution factor, 40
Wsample
= sample weight of Heparin Sodium (mg)
Table 4
Relative
Relative
Retention
Response
MWratio
Name
Time
Factor
Cytidine
0.28
0.53
1.2548
2¢-Deoxycytidine
0.38
0.56
1.2727
Uridine
0.40
0.75
1.2537
5-Methyl-2¢-deoxycytidine
0.66
0.25
1.2569
Guanosine
0.81
0.74
1.2188
2¢-Deoxyguanosine
0.89
0.83
1.2319
Thymidine
0.92
0.68
1.2558
Adenosine
1.00
1.00
1.2319
2¢-Deoxyadenosine
1.04
1.09
1.2466
Others
—
1.00
1.0000
Acceptance criteria: NMT 0.1% (w/w) is found. USP37
• Absence of Oversulfated Chondroitin Sulfate
A. Proceed as directed in Identification test A. No features associated with oversulfated
chondroitin sulfate are found between 2.12 and 3.00 ppm.
B. Proceed as directed in Identification test B. No peaks corresponding to oversulfated
chondroitin sulfate should be detected eluting after the heparin peak.
Change to read:
• Protein Impurities
[
Note—Treatment for interfering substances is only required for samples previously tested with a
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protein content greater than 0.1%.] USP37
Standard stock solution: 0.100
2.0 USP37
mg/mL of bovine serum albumin in water
Standard solutions: Dilute portions of the Standard stock solution with water to obtain NLT 5
standard solutions having concentrations between 0.005 and 0.100
0.010 and 0.050 USP37
mg/mL of bovine serum albumin, the concentrations being evenly spaced.
System suitability standard: Dilute a portion of the Standard stock solution with water to
obtain a solution containing 0.030 mg/mL of bovine serum albumin. USP37
Sample solution: 5
30 USP37
mg/mL of Heparin Sodium in water. Prepare in triplicate.
Spiked sample: Using an appropriate dilution scheme and the Standard stock solution,
prepare a Spiked sample containing 30 mg/mL Heparin Sodium and 0.030 mg/mL bovine serum
albumin in water. USP37
Blank: Water
Lowry reagent A: Prepare a solution of 10 g/L of sodium hydroxide in water and a solution of
50 g/L of sodium carbonate in water. Mix equal volumes (2V:2V) of each solution, and dilute
with water to 5V.
Lowry reagent B: Prepare a solution of 29.8 g/L of disodium tartrate dihydrate in water.
Prepare a solution of 12.5 g/L of cupric sulfate in water. Mix equal volumes of both solutions
(2V:2V), and dilute with water to 5V.
Lowry reagent C: Mix 50 volumes of Lowry reagent A with 1 volume of Lowry reagent B. Using
an appropriate dilution scheme and the Standard stock solution, prepare a Spiked sample
solution containing 30 mg/mL Heparin Sodium and 0.030 mg/mL bovine serum albumin in water.
Prepare fresh daily. USP37
Diluted Folin–Ciocalteu's phenol reagent: Dilute Folin–Ciocalteu's phenol reagent 2–4
1–2 USP37
times with water. The dilution should be chosen such that the pH of the samples (i.e., Standard
solution and Sample solution after addition of Lowry reagent C and the Diluted Folin–
Ciocalteu's phenol reagent) is 10.25 ± 0.25
10.3 ± 0.3.
Sodium deoxycholate reagent: Prepare a solution of sodium deoxycholate in water having a
concentration of 150 mg in 100 mL.
Trichloroacetic acid reagent: Prepare a solution of trichloroacetic acid in water having a
concentration of 72 g in 100 mL. USP37
Analysis
Samples: Standard solutions, Sample solution, and Blank
To 1 mL each of Standard solution, Sample solution, and Blank, add 5 mL of Lowry reagent
C.
Mix. USP37
Allow to stand at room temperature for 10 min. Add 0.5 mL of Diluted Folin–Ciocalteu's phenol
reagent to each solution, mix immediately, and allow to stand at room temperature for
NLT USP37
30 min. Determine the absorbance as directed in Biotechnology-Derived Articles—Total Protein
Assay

1057 , Method 2
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at the wavelength of maximum absorbance at 750 nm with a suitable spectrophotometer,
using the solution from the Blank to set the instrument to zero and ensuring that all samples
and standards absorbances are measured after the same final incubation time. To remove
interfering substances, add 0.1 mL of Sodium deoxycholate reagent to 1 mL of a solution of
the protein under test. Mix on a vortex mixer, and allow to stand at room temperature for 10
min. Add 0.1 mL of Trichloroacetic acid reagent, and mix on a vortex mixer. Centrifuge at a
speed that ensures removal of visible particulate matter. [Note—NLT 14,100 RCF should be
used. Appropriate centrifuge speed should be determined by each laboratory.] The
supernatant should be essentially free of visible particulates. A pellet may not be visible. If
the interfering substances method is used, dissolve the protein residue in 1 mL of Lowry
reagent C. USP37
Calculations See Biotechnology-Derived Articles—Total Protein Assay 1057 , Method 2.
Using the linear regression method, plot the absorbances of the solutions from the Standard
solutions versus the protein concentrations, and determine the standard curve best fitting
the plotted points. From the standard curve so obtained and the absorbance of the Sample
solution, determine the concentration of protein in the Sample solution.
System suitability: The correlation coefficient (r) for a linear fit of all standards is NLT 0.99.
The percent RSD between triplicate sample results is NMT 10%. If the sample absorbancies
are lower than the standard curve, the percent RSD specification is not required. The percent
recovery of the System suitability standard is 90%–110%. If the interfering substances
treatment is performed, the percent recovery of the Spiked sample is 85%–115%. USP37
Acceptance criteria: NMT 1.0%
0.1% USP37
(w/w) is found.
SPECIFIC TESTS
• Bacterial Endotoxins Test
Unit.

85 : It contains NMT 0.03 USP Endotoxin Unit/USP Heparin

• Loss on Drying 731 : Dry a sample in a vacuum at 60 for 3 h: it loses NMT 5.0% of its
weight.
• pH

791 : 5.0–7.5 in a solution (1 in 100)

• Sterility Tests

71 : Where it is labeled as sterile, it meets the requirements.

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, and store below 40 , preferably at
room temperature.
• Labeling: Label it to indicate the tissue and the animal species from which it is derived.
Change to read:
• USP Reference Standards 11
USP Adenosine RS
USP Dermatan Sulfate RS
USP Endotoxin RS
USP Galactosamine Hydrochloride RS
USP Glucosamine Hydrochloride RS
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USP Heparin Sodium for Assays RS
USP Heparin Sodium Identification RS
USP Heparin Sodium Molecular Weight Calibrant RS
USP Oversulfated Chondroitin Sulfate RS

USP37

1 GlcNAc, N-acetylated glucosamine; GlcNS, N-sulfated glucosamine; S, sulfate; IdoA, iduronic acid; GlcN,
glucosamine; GalN, galactosamine.
2
IonPac® AS11-HC 2.0- × 250-mm, Dionex (cat # 052961) High C apacity column is necessary to achieve
required resolution. USP37
3 The method was validated using a guard column TSK SWXL 6-mm × 4-cm, 7-µm in series with two analytical
columns: TSK G3000 SWXL 7.8- × 30-cm, 5-µm in series with a TSK G4000 SWXL 7.8- × 30-cm, 8-µm
diameter.
4 A suitable ultrapure Serratia marcescens nuclease (EC 3.1.30.2) must be

99% containing

250 units/µL.

BRIEFING
Heparin Sodium Injection, USP 35 page 3406 and PF 38(3) [May–June 2012]. The
chromogenic anti-factor IIa assay and anti-factor Xa assay have been moved to the general
chapter for heparin potency assays, Anti-Factor Xa and Anti-Factor IIa Assays for
Unfractionated and Low Molecular Weight Heparins 208 (to appear in the First
Supplement to USP 36). Therefore, it is proposed to remove these procedures from the
Assay and to include a reference to 208 . It is also proposed to change the storage
conditions in the Packaging and Storage section. Finally, it is proposed to include in the
Labeling section a reference to the general chapter Labeling

7

(planned).

(BB1: A. Szajek.)
Correspondence Number—C120842

Comment deadline: January 31, 2013
Heparin Sodium Injection
DEFINITION
Change to read:
Heparin Sodium Injection is a sterile solution of Heparin Sodium in Water for Injection. It
Heparin sodium used in the manufacture of Heparin Sodium Injection complies with the
compendial requirements stated in the Heparin Sodium monograph. Heparin Sodium Injection
USP37

exhibits NLT 90.0% and NMT 110.0% of the potency stated on the label in terms of USP
Heparin Units per mL.
ASSAY
Change to read:
• Anti-Factor IIa Potency
pH 8.4 buffer: Dissolve 6.10 g of tris(hydroxymethyl)aminomethane, 10.20 g of sodium
chloride, 2.80 g of edetate sodium, and, if suitable, between 0 and 10.00 g of
polyethylene glycol 6000 and/or 2.00 g of bovine serum albumin in 800 mL of water.
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[Note—2.00 g of human albumin may be substituted for 2.00 g of bovine serum albumin.]
Adjust with hydrochloric acid to a pH of 8.4, and dilute with water to 1000 mL.
Antithrombin solution: Reconstitute a vial of antithrombin (see Reagents, Indicators,
and Solutions—Reagent Specifications) in water to obtain a solution of 5 Antithrombin
IU/mL. Dilute this solution with pH 8.4 buffer to obtain a solution having a concentration
of 0.125 Antithrombin IU/mL.
Thrombin human solution: Reconstitute thrombin human (factor IIa) (see Reagents,
Indicators, and Solutions—Reagent Specifications) in water to give 20 Thrombin IU/mL,
and dilute with pH 8.4 buffer to obtain a solution having a concentration of 5 Thrombin
IU/mL. [Note—The thrombin should have a specific activity of NLT 750 IU/mg.]
Chromogenic substrate solution: Prepare a solution of a suitable chromogenic thrombin
substrate for amidolytic test (see Reagents, Indicators, and Solutions—Reagent
Specifications) in water to obtain a concentration of 1.25 mM.
Stopping solution: 20% (v/v) solution of acetic acid
Standard solutions: Reconstitute the entire contents of an ampule of USP Heparin
Sodium for Assays RS with water, and dilute with pH 8.4 buffer to obtain at least four
dilutions in the concentration range between 0.005 and 0.03 USP Heparin Unit/mL.
Sample solutions: Proceed as directed for Standard solutions to obtain concentrations of
Heparin Sodium similar to those obtained for the Standard solutions.
Analysis
[Note—The procedure can also be performed using alternative platforms.]
For each dilution of the Standard solutions and the Sample solutions, at least duplicate
samples should be tested. Label a suitable number of tubes, depending on the number of
replicates to be tested: for example, if five blanks are to be used: B1, B2, B3, B4, and B5
for the blanks; T1, T2, T3, and T4 each at least in duplicate for the dilutions of the
Sample solutions; and S1, S2, S3, and S4 each at least in duplicate for the dilutions of
the Standard solutions. Distribute the blanks over the series in such a way that they
accurately represent the behavior of the reagents during the experiments. [Note—Treat
the tubes in the order B1, S1, S2, S3, S4, B2, T1, T2, T3, T4, B3, T1, T2, T3, T4, B4,
S1, S2, S3, S4, B5.] Note that after each addition of a reagent, the incubation mixture
should be mixed without allowing bubbles to form. Add twice the volume (100–200 µL) of
Antithrombin solution to each tube containing one volume (50–100 µL) of either the pH
8.4 buffer or an appropriate dilution of the Standard solutions or the Sample solutions.
Mix, but do not allow bubbles to form. Incubate at 37 for at least 1 min. Add to each
tube 25–50 µL of Thrombin human solution, and incubate for at least 1 min. Add 50–100
µL of Chromogenic substrate solution. Please note that all reagents, Standard solutions,
and Sample solutions should be prewarmed to 37 just before use. Two different types of
measurements can be recorded:
1.Endpoint measurement: Stop the reaction after at least 1 min with 50–100 µL of
Stopping solution. Measure the absorbance of each solution at 405 nm using a
suitable spectrophotometer (see Spectrophotometry and Light-Scattering 851
). The RSD over the blank readings is less than 10%.
2.Kinetic measurement: Follow the change in absorbance for each solution over 1 min
at 405 nm using a suitable spectrophotometer (see Spectrophotometry and
Light-Scattering

851 ). Calculate the change in absorbance/min (DOD/min).
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The blanks for kinetic measurement are also expressed as DOD/min and should
give the highest values because they are carried out in the absence of heparin.
The RSD over the blank readings is less than 10%.
Calculations: The statistical models for Slope ratio assay or Parallel-line assay can be
used, depending on which model best describes the correlation between concentration
and response.
Parallel-line assay: For each series, calculate the regression of the absorbance or
change in absorbance/min against log concentrations of the Standard solutions and the
Sample solutions, and calculate the potency of Heparin Sodium in USP Units/mL using
statistical methods for parallel-line assays. Express the potency of Heparin Sodium/mg,
calculated on the dried basis.
Slope ratio assay: For each series, calculate the regression of the log absorbance or the
log change in absorbance/min against concentrations of the Standard solutions and the
Sample solutions, and calculate the potency of Heparin Sodium in USP Units/mL using
statistical methods for slope ratio assays. Express the potency of Heparin Sodium/mg,
calculated on the dried basis.
(See Anti-Factor Xa and Anti-Factor IIa Assays for Unfractionated and Low Molecular Weight
Heparins

208 , Anti-Factor IIa Activity for Unfractionated Heparin.)

USP37

Acceptance criteria: 90.0%–110.0%
SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 0.03 USP Endotoxin Unit/USP Heparin Unit

• Particulate Matter in Injections
injections
• pH

788 : Meets the requirements for small-volume

791 : 5.0–7.5

• Other Requirements: Meets the requirements for Injections

1

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in single-dose or multiple-dose containers, preferably of
Type I glass, and store at a temperature below 40 , preferably at room temperature
between 20 and 25 at controlled room temperature.

USP37

Change to read:
• Labeling
Labeling 7 : USP37
Label it to indicate the volume of the total contents and the potency in terms of USP Heparin
Units only per mL, except that single-dose containers may be labeled additionally to
indicate the single unit-dose volume and the total number of USP Heparin Units. Where it is
labeled with total content, the label states also that the entire contents are to be used or,
if not, any remaining portion is to be discarded. Label it to indicate also the tissue and the
animal species from which it is derived. Label it to indicate also the tissue and the animal
species from which it is derived.
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Label it to indicate the tissue and the animal species from which it is derived.

(IRA 1-Nov-2012)

• USP Reference Standards 11
USP Endotoxin RS
USP Heparin Sodium for Assays RS
BRIEFING
Lamivudine and Zidovudine Tablets, USP 35 page 3633. On the basis of information received
from the sponsor, the individual impurity in the Organic Impurities test was further clarified
to be consistent with the submission.
(SM1: A. Martin-Esker, B. Davani.)
Correspondence Number—C107860

Comment deadline: January 31, 2013
Lamivudine and Zidovudine Tablets
DEFINITION
Lamivudine and Zidovudine Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount
of lamivudine (C8 H11 N3 O3 S) and zidovudine (C10 H13 N5 O4 ).
IDENTIFICATION
• A. The retention times of the lamivudine and zidovudine peaks of the Sample solution
correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solution A: 25 mM of ammonium acetate. Adjust with glacial acetic acid to a pH of 4.0.
Solution B: Methanol
Solution C: Acetonitrile
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B Solution C
(min)
(%)
(%)
(%)
0
95
5
0
15.0
95
5
0
30.0
70
30
0
38.0
70
30
0
38.1
0
0
100
45.0
0
0
100
45.1
95
5
0
60.0
95
5
0
Diluent: Solution A and Solution B (19:1)
System suitability solution: 0.17 mg/mL of USP Lamivudine Resolution Mixture B RS in
Diluent
Standard solution: 0.15 mg/mL of USP Lamivudine RS and 0.30 mg/mL of USP Zidovudine
RS in Diluent
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Sample stock solution: Transfer a counted number of Tablets, equivalent to 1500 mg of
zidovudine and 750 mg of lamivudine, into a 500-mL volumetric flask. Add 250 mL of
water, and disintegrate completely by shaking for a minimum of 15 min. Dilute with water
to volume, and mix.
Sample solution: Pass a portion of the Sample stock solution through a filter of 0.45-µm
pore size, discarding the first 2–3 mL. Further dilute the filtrate to obtain 0.15 mg/mL of
lamivudine and 0.30 mg/mL of zidovudine in Diluent.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 3-mm × 25-cm; packing L1
Flow rate: 0.5 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for lamivudine diastereomer and lamivudine are 0.50
and 0.52, respectively.]
Suitability requirements
Resolution: NLT 1.5 between lamivudine diastereomer and lamivudine, System
suitability solution
Relative standard deviation: NMT 2.0% for zidovudine and lamivudine, Standard
solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of lamivudine (C8 H11 N3 O3 S) and
zidovudine (C10 H13 N5 O4 ) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of zidovudine or lamivudine from the Sample solution
rS= peak response of zidovudine or lamivudine from the Standard solution
C=
S concentration of USP Zidovudine RS or USP Lamivudine RS in the Standard solution
(mg/mL)
C=
U nominal concentration of zidovudine or lamivudine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Test 1
Medium: 0.1 N hydrochloric acid; 900 mL, deaerated
Apparatus 2: 75 rpm
Time: 15 min
Lamivudine response factor solutions: 0.167 mg/mL of USP Lamivudine RS in Medium.
[Note—Prepare in duplicate.]
Zidovudine response factor solutions: 0.333 mg/mL of USP Zidovudine RS in Medium.
[Note—Prepare in duplicate.]
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Sample solution: Pass a portion of the solution under test through a suitable filter
(PTFE, PVDF, or equivalent) of 0.45-µm pore size.
Detector: UV 240–300 nm
Blank: Medium
Cell length: 0.02-cm flowcell
Analysis: The calculations of the percentages dissolved are done using a multicomponent
analysis software.
Tolerances: NLT 85% (Q) of the labeled amount of zidovudine and lamivudine is
dissolved.
Test 2: If the product complies with this test, the labeling indicates that it meets USP
Dissolution Test 2.
Medium: 0.1 N hydrochloric acid; 900 mL
Apparatus 2: 75 rpm
Time: 30 min
Buffer solution: 7.7 g/L of ammonium acetate in water
Mobile phase: Acetonitrile and Buffer solution (1:9)
Standard stock solution: 1.4 mg/mL of USP Lamivudine RS and 2.8 mg/mL of USP
Zidovudine RS in Medium. A small amount of methanol, NMT 20% of the final volume,
can be used to dissolve both compounds.
Standard solution: 0.168 mg/mL of lamivudine and 0.336 mg/mL of zidovudine in Medium
from the Standard stock solution
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 270 nm
Column: 4.6-mm × 15-cm; packing L1
Column temperature: 40
Flow rate: 1.2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 1500 theoretical plates for lamivudine and NLT 3000
theoretical plates for zidovudine
Tailing factor: NMT 2.0 for lamivudine and zidovudine
Relative standard deviation: NMT 2.0% for zidovudine and lamivudine
Calculate the percentages of lamivudine (C8 H11 N3 O3 S) and zidovudine (C10 H13 N5 O4 )
dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of lamivudine or zidovudine from the Sample solution
rS= peak response of lamivudine or zidovudine from the Standard solution
C=
S concentration of lamivudine or zidovudine in the Standard solution (mg/mL)
L= label claim for lamivudine or zidovudine (mg/Tablet)
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V= volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of zidovudine and lamivudine is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements for zidovudine and lamivudine

IMPURITIES
Change to read:
• Organic Impurities
Solution A, Solution B, Solution C, Mobile phase, Diluent, System suitability solution,
Sample solution, Chromatographic system, and System suitability: Proceed as
directed in the Assay.
Analysis
Sample: Sample solution
Calculate the percentage of each lamivudine related impurity in the portion of Tablets
taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of the peak responses of lamivudine and all lamivudine related impurities from the
Sample solution
Calculate the percentage of each zidovudine related impurity and unidentified impurity in
the portion of Tablets taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response of each individual impurity from the Sample solution
r=
T sum of the peak responses of zidovudine, all zidovudine related impurities, and
unidentified impurities from the Sample solution
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.
Table 2
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Name
Lamivudine-(cytosine)a
Lamivudine-(uracil)c
Lamivudine-(carboxylic acid)d
Lamivudine-(S-sulfoxide)e
Lamivudine-(R-sulfoxide)f
Zidovudine related compound Cg
Lamivudine diastereomerh
Lamivudine
Zidovudine-(thymidine)i
Lamivudine-(uracil derivative)j
Lamivudine-(salicylic acid)k
Zidovudine
Zidovudine related compound Bl
Individual unidentified impurity
Any individual unspecified impurity
USP37

Relative
Retention
Time
0.11
0.14
0.17
0.20
0.22
0.27
0.50
0.52
0.60
0.70
0.80
1.00
1.10

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

1.0
1.0
1.0
1.0
1.0
1.7
1.0
—
1.0
1.0
1.0
—
1.0

—b
—b
0.3
—b
—b
1.5
0.2
—
—b
—b
—b
—
—b

1.0

0.1

—

Total lamivudine related impurities
(the limit includes all lamivudine
—
—
related impurities)
0.6
Total zidovudine related impurities
(the limit includes individual
—
—
unidentified impurities)
2.0
a 4-Aminopyrimidin-2(1H)-one.
b The individual impurity limit is not included because these are process/other
impurities monitored individually in the drug substances.
c Pyrimidine-2,4(1H,3H)-dione.
d (2R,5S)-5-(4-Amino-2-oxopyrimidin-1(2H)-yl)-1,3-oxathiolane-2-carboxylic acid
(2R,5S)-5-(cytosine-1-yl)-1,3-oxathiolane-2-carboxylic acid.
e 1-[(2R,3S,5SS)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
f 1-[(2R,3R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine S-oxide.
g 5-Methylpyrimidine-2,4(1H,3H)-dione.
h 1-[(2S,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]cytosine.
i [1-(2-Deoxy- -d-ribofuranosyl)]thymine.
j (2RS,5SR)1-[(2R,5S)-2-(Hydroxymethyl)-1,3-oxathiolan-5-yl]uracil.
k 2-Hydroxybenzoic acid.
l 3'-Chloro-3'-deoxythymidine.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, protected from light, and store
between 2 and 30 .
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• Labeling: When more than one Dissolution test is given, the labeling states the Dissolution
test used only if Test 1 is not used.
• USP Reference Standards 11
USP Lamivudine RS
USP Lamivudine Resolution Mixture B RS
USP Zidovudine RS
BRIEFING
Loratadine Chewable Tablets. Because there is no existing USP monograph for this drug
product, a new monograph is proposed based on validated methods. The liquid
chromatographic procedures in the Assay and test for Organic Impurities are based on
analyses performed using the Waters Symmetry Shield RP8 brand of L7 column. The typical
retention time for loratadine is about 19 min. The liquid chromatographic procedure in the
Dissolution test is based on analyses performed using the Inertsil ODS-3V brand of L1
column. The typical retention time for loratadine is about 12 min.
(SM4: M. Waddell.)
Correspondence Number—C104317

Comment deadline: January 31, 2013
Add the following:
Loratadine Chewable Tablets
DEFINITION
Loratadine Chewable Tablets contain NLT 90.0% and NMT 110.0% of the labeled amount of
loratadine (C22 H23 ClN2 O2 ).
IDENTIFICATION
• A. Thin-Layer Chromatographic Identifcation Test 201
Diluent: Chloroform and methanol (1:1)
Standard solution: 5 mg/mL of USP Loratadine RS in Diluent
Sample solution: Transfer a quantity of ground Chewable Tablets, equivalent to 25 mg of
loratadine, to a centrifuge tube. Add 5 mL of Diluent, mix for 30 min, then centrifuge for 5
min. Use the clear supernatant.
Application volume: 5 µL
Developing solvent system: Ethyl ether and diethylamine (40:1)
Acceptance criteria: Meet the requirements
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect solutions containing loratadine from light.
Buffer A (phosphate buffer pH 7.2): Dissolve 4.35 g of dibasic potassium phosphate in 950
mL of water. Add 1 mL of triethylamine, adjust with 10% phosphoric acid or 10%
potassium hydroxide to a pH of 7.2, and dilute with water to 1 L.
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Buffer B (0.6 M dibasic potassium phosphate): 105 g/L of dibasic potassium phosphate in
water
Diluent: Transfer 400 mL of 0.05 N hydrochloric acid and 80 mL of Buffer B to a 1-L
volumetric flask. Dilute with a mixture of acetonitrile and methanol (1:1) to volume.
Mobile phase: Acetonitrile, methanol and Buffer A (40:10:50)
Standard solution: 0.4 mg/mL of USP Loratadine RS in Diluent
Sample solution: Nominally 0.4 mg/mL of loratadine in Diluent. Prepare by transferring 20
Chewable Tablets to a suitable volumetric flask. Add Diluent to 40% of the volume of the
flask, and shake for 40 min. Dilute with Diluent to volume, and filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.7
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of loratadine (C22 H23 ClN2 O2 ) in the
portion of Chewable Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Loratadine RS in the Standard solution (mg/mL)
C=
U nominal concentration of loratadine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 500 mL
Apparatus 2: 50 rpm
Time: 30 min
Buffer: 6.8 g/L of monobasic potassium phosphate in water. Adjust with 10% phosphoric
acid to a pH of 2.80 ± 0.05.
Mobile phase: Acetonitrile, methanol, and Buffer (40:30:35)
Standard solution: 10 µg/mL of USP Loratadine RS in Medium
Sample solution: Pass a portion of the solution under test through a suitable filter.
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.7
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of loratadine (C22 H23 ClN2 O2 ) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Loratadine RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 500 mL
Tolerances: NLT 80% (Q) of the labeled amount of loratadine (C22 H23 ClN2 O2 ) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Protect solutions containing loratadine from light.
Mobile phase, Diluent, and Sample solution: Prepare as directed in the Assay.
System suitability solution: 0.8 µg/mL each of USP Loratadine Related Compound A RS,
USP Loratadine Related Compound B RS, and USP Loratadine Related Compound C RS in
Diluent
Standard solution: 0.8 µg/mL of USP Loratadine RS in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Relative standard deviation: NMT 10%, Standard solution
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Resolution: NLT 5.5 between loratadine related compound A and loratadine related
compound C; and NLT 2.0 between loratadine related compound C and loratadine
related compound B, System suitability solution
Tailing factor: NMT 2.0 for loratadine related compound A, System suitability solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Chewable Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each impurity from the Sample solution
rS= peak response of loratadine from the Standard solution
C=
S concentration of USP Loratadine RS in the Standard solution (mg/mL)
C=
U nominal concentration of loratadine in the Sample solution (mg/mL)
F= relative response factor (see Table 1)
Acceptance criteria: See Table 1.
Reporting level for impurities: 0.05%
Table 1
Relative
Retention
Time
0.20
0.32
0.39
1.0
—
—

Relative
Response
Factor
1.0
0.63
1.0
—
1.0
—

Acceptance
Criteria,
NMT (%)
0.05
0.10
—
—
0.10
0.5

Name
Loratadine related compound A
Loratadine related compound C
Loratadine related compound Ba
Loratadine
Any other individual impurity
Total impurities
a This is a process impurity and is included in the table for identification only. This
impurity is controlled in the drug substance. It is not to be reported for the drug
product and should not be included in the total impurities.
ADDITIONAL REQUIREMENTS

• Packaging and Storage: Preserve in tight containers, and store between 20 and 25 .
• Labeling: Label it to indicate that the Chewable Tablets are to be chewed before
swallowing.
• USP Reference Standards 11
USP Loratadine RS
USP Loratadine Related Compound A RS
8-Chloro-5,6-dihydro-11-(piperidin-4-ylidene)-11Hbenzo[5,6]cyclohepta[1,2-b]pyridine.
C19 H19 ClN2
310.82
USP Loratadine Related Compound B RS
8-Chloro-5,6-dihydro-11-(N-methylpiperidin-4-ylidene)-11Hbenzo[5,6]cyclohepta[1,2-b]pyridine.
C20 H21 ClN2
324.85
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USP Loratadine Related Compound C RS
8-Chloro-5,6-dihydro-11H-benzo[5,6]cyclohepta[1,2-b]pyridin-11-one.
C14 H10 ClNO
243.69
USP37

BRIEFING
Mandelic Acid. Because there is no existing NF monograph for this excipient, a new monograph
is being proposed. The Assay is based on an HPLC method of analyses performed with the
YMC pack ODS-AM C18 brand of column that contains 5-µm packing L1. The typical
retention times for benzoylformic acid, mandelic acid, benzoic acid, benzaldehyde, and
acetophenone are 8.8, 10.1, 31.9, 36.8, and 48.2 min, respectively.
Interested parties are encouraged to comment on the proposal.
(EXC: H. Wang.)
Correspondence Number—C119773

Comment deadline: January 31, 2013
Add the following:
Mandelic Acid

C8 H8 O3

152.15

Benzeneacetic acid, -hydroxy-;
(RS)-2-Hydroxy-2-phenylacetic acid;
(±)- -Hydroxyphenylacetic acid;
2-Hydroxy-2-phenylacetic acid
[90-64-2].
DEFINITION
Mandelic Acid contains NLT 98.0% and NMT 102.0% of
calculated on the anhydrous basis.

-hydroxyphenylacetic acid (C8 H8 O3 ),

IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Solvent A: 0.01 M phosphoric acid
Mobile phase: Acetonitrile, methanol, and Solvent A (17:3:80)
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Standard stock solution A: Prepare a solution having known concentrations of 0.2 mg/mL
of acetophenone, 0.5 mg/mL of benzoylformic acid, and 0.25 mg/mL of USP Benzaldehyde
RS, respectively, in Mobile phase.
Standard stock solution B: Transfer 25 mg of USP Benzoic Acid RS to a 250-mL volumetric
flask, add 5.0 mL of Standard stock solution A, dilute with Mobile phase to volume, and
mix.
Standard stock solution C: Use USP Mandelic Acid RS to prepare a solution having a
known concentration of 5 mg/mL in Mobile phase.
System suitability solution: Transfer 5.0 mL of Standard stock solution B and 20.0 mL of
Standard stock solution C to a 100-mL volumetric flask, dilute with Mobile phase to
volume, and mix. The solution contains 1 mg/mL of USP Mandelic Acid RS, 0.2 µg/mL of
acetophenone, 0.5 µg/mL of benzoylformic acid, 0.25 µg/mL of USP Benzaldehyde RS, and
5 µg/mL of USP Benzoic Acid RS.
Standard solution: 1 mg/mL of USP Mandelic Acid RS in Mobile phase prepared from
Standard stock solution C
Sample solution: 1 mg/mL of Mandelic Acid in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 240 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: Ambient
Flow rate: 0.8 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
[Note—See Table 1.]
Table 1
Relative
Retention
Component
Time
Benzoylformic acid
0.9
Mandelic acid
1.0
Benzoic acid
3.2
Benzaldehyde
3.6
Acetophenone
4.8
Suitability requirements
Resolution: NLT 3.0, between the benzoylformic acid peak and the mandelic acid peak
and between the benzoic acid peak and the benzaldehyde peak
Relative standard deviation: NMT 1% for the mandelic acid peak
Tailing factor: NMT 2.0 for each peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mandelic acid (C8 H8 O3 ) in the portion of Mandelic Acid taken:
Result = (rU/rS) × (CS/CU) × 100
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rU= peak response of mandelic acid from the Sample solution
rS= peak response of mandelic acid from the Standard solution
C=
S concentration of USP Mandelic Acid RS in the Standard solution (mg/mL)
C=
U concentration of Mandelic Acid in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 20 µg/g
• Limit of Benzoylformic Acid, Benzaldehyde, Benzoic Acid, and Acetophenone
Standard stock solution A, Standard stock solution B, Chromatographic system, and
System suitability: Proceed as directed in the Assay.
Standard solution: Transfer 5.0 mL of Standard stock solution B to a 100-mL volumetric
flask, dilute with Mobile phase to volume, and mix. The Standard solution contains 0.2
µg/mL of acetophenone, 0.5 µg/mL of benzoylformic acid, 0.25 µg/mL of USP
Benzaldehyde RS, and 5 µg/mL of USP Benzoic Acid RS.
Sample solution: 2.5 mg/mL of Mandelic Acid in Mobile phase
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each related compound (benzoylformic acid, benzaldehyde,
benzoic acid, or acetophenone) in the portion of Mandelic Acid taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of the relevant related compound (benzoylformic acid, benzaldehyde,
benzoic acid, or acetophenone) from the Sample solution
rS= peak response of the relevant related compound (benzoylformic acid, benzaldehyde,
benzoic acid, or acetophenone) from the Standard solution
C=
S concentration of the relevant related compound (benzoylformic acid, USP Benzaldehyde
RS, USP Benzoic Acid RS, or acetophenone) in the Standard solution (mg/mL)
C=
U concentration of Mandelic Acid in the Sample solution (mg/mL)
Acceptance criteria
Benzoylformic acid: NMT 0.1%
Benzoic acid: NMT 1.0%
Benzaldehyde: NMT 0.05%
Acetophenone: NMT 0.01%
• Limit of Chloride
Sample: 1 g
Analysis: Proceed as directed for Chloride and Sulfate 221 , Chloride.
Acceptance criteria: 0.01%; a 1-g portion shows no more than corresponds to 0.15 mL of
0.020 N hydrochloric acid.
SPECIFIC TESTS
• Melting Range or Temperature
• Water Determination, Method Ia
• Turbidity

741 : 118 –121
921 : NMT 0.5%
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(See Spectrophotometry and Light–Scattering 851 .)
Sample solution: 50 mg/mL in water
Blank: Reserve a portion of the water used to prepare the Sample solution.
Fixed reproducible standards: See Determination of Turbidity in Elastomeric Closures for
Injections 381 .
Analysis: Measure the turbidity of the Sample solution and Blank as directed in
Spectrophotometry and Light-Scattering 851 against the Fixed reproducible
standards.
Acceptance criteria: The turbidity is the difference between the values obtained for the
Blank and the Sample solution, expressed in Nephelos units. The Sample solution shows no
more turbidity than the 10 Nephelos units standard.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers. Store in a dry and wellventilated place. Protect from light.
• USP Reference Standards
USP Benzaldehyde RS
USP Benzoic Acid RS
USP Mandelic Acid RS

11

NF32

BRIEFING
Menthol. USP 35 page 3800. On the basis of comments received and as part of the USP
monograph modernization efforts, it is proposed to add a capillary GC Assay and to replace
the packed-column GC Chromatographic Purity test with a capillary GC Related Compounds
test. The proposed capillary GC procedures in the Assay and in the test for Related
Compounds are based on analyses performed with the AT-Wax brand of G16 column. The
typical retention times for menthol and anethole (internal standard) are about 5 and 10 min,
respectively.
(DS: H. Dinh.)
Correspondence Number—C119394

Comment deadline: January 31, 2013
Menthol

C10 H20 O

156.27
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[1490-04-6].

DEFINITION
Change to read:
Menthol is an alcohol obtained from diverse mint oils or prepared synthetically. Menthol may be
levorotatory (l-menthol) from natural or synthetic sources, or racemic (dl-menthol).
It contains NLT 98.0% and NMT 102.0% of menthol (C10 H20 O). USP37
IDENTIFICATION
Change to read:
• A. When Menthol is triturated with about an equal weight of camphor, chloral hydrate, or
phenol, the mixture liquefies.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP37
Add the following:
• B. It meets the requirements in Specific Tests for Optical Rotation, Specific Rotation
.

781S

USP37

ASSAY
Add the following:
• Procedure
Internal standard solution: 0.5 mg/mL of anethole in hexanes
Standard solution: 0.5 mg/mL of USP Menthol RS in Internal standard solution
Sample solution: 0.5 mg/mL of Menthol in Internal standard solution
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53-mm × 30-m fused silica; coated with a 1-µm layer of G16 stationary phase
Temperatures
Column: 130 (isothermally)
Injection port: 250
Detector: 250
Carrier gas: Helium
Flow rate: 10 mL/min
Injection volume: 1 µL
Injection type: Split ratio of 10:1
System suitability
Sample: Standard solution
[Note—The relative retention times for menthol and anethole are about 0.5 and 1.0,
respectively.]
Suitability requirements
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Tailing factor: NMT 2.0 for the menthol peak
Relative standard deviation: NMT 2.0% for the peak response ratio of menthol to
anethole for replicate injections.
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of menthol (C10 H20 O) in the portion of Menthol taken:
Result = (RU/RS) × (CS/CU) × 100
R=
U peak response ratio of menthol to anethole from the Sample solution
R=
S peak response ratio of menthol to anethole from the Standard solution
C=
S concentration of USP Menthol RS in the Standard solution (mg/mL)
C=
U concentration of Menthol in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% USP37
IMPURITIES
• Limit of Nonvolatile Residue
Analysis: Volatilize 2 g, accurately weighed, in a tared open porcelain dish on a steam
bath, and dry the residue at 105 for 1 h.
Acceptance criteria: NMT 0.05%
Delete the following:
• Chromatographic Purity
System suitability solution: 0.05 mg/mL each of decanol and Menthol in ether
Sample solution: 0.05 mg/mL of Menthol in ether
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 1.8-m × 2-mm; packed with 10% phase G16 on support S1AB
Temperatures
Injection port: 260
Detector: 240
Column: 170
Carrier gas: Dry helium
Flow rate: 50 mL/min
Injection volume: 2 µL
System suitability
Sample: System suitability solution
[Note—The relative retention time for menthol is 0.7, relative to decanol. ]
Suitability requirements
Resolution: NLT 2.5 between the menthol and decanol peaks
Relative standard deviation: NMT 2% for the ratio of the peak response from menthol
to that from decanol
Analysis
Sample: Sample solution
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Acceptance criteria: The peak response due to menthol is not less than 97% of the sum of
all the peak responses, excluding any due to the ether. USP37
Add the following:
• Related Compounds
Internal Standard solution, Standard solution, Chromatographic system, and System
suitability: Proceed as directed in the Assay.
Sample solution: 5 mg/mL of Menthol in hexanes
Analysis
Sample: Sample solution
Calculate the percentage of each individual impurity in the portion of Menthol taken:
Result = (rU/rT) × 100
r=
U peak response of each impurity from the Sample solution
r=
T sum of the responses of all the peaks from the Sample solution
Acceptance criteria
Individual impurities: NMT 0.1%
Total impurities: NMT 2.0%
USP37

• Readily Oxidizable Substances in Racemic Menthol
Sample solution: Place 500 mg of dl-menthol in a clean, dry test tube, and add 10 mL of a
solution of potassium permanganate, prepared by diluting 3 mL of 0.1 N potassium
permanganate with water to 100 mL.
Analysis: Place the test tube in a beaker with water at a temperature between 45 and 50
. Remove the tube from the bath at intervals of 30 s, and mix quickly by shaking.
Acceptance criteria: The purple color of potassium permanganate is still apparent after 5
min.
SPECIFIC TESTS
• Congealing Range of dl-Menthol
(See Congealing Temperature

651 .)

[Note—Perform this test preferably in a room having a temperature below 30 and a relative
humidity below 50%.]
Sample: 10 g of racemic Menthol, previously dried in a desiccator over silica gel for 24 h
Analysis: Place the Sample in a dry test tube of 18- to 20-mm internal diameter, and melt
the contents at a temperature of about 40 . Suspend the test tube in water having a
temperature of 23 –25 , and stir the contents of the tube continually with a
thermometer, keeping the bulb of the thermometer immersed in the liquid.
Acceptance criteria: Racemic Menthol congeals at a temperature between 27 and 28 .
Shortly after the temperature has stabilized at the congealing point, add a few mg of
dried racemic Menthol to the congealed mass, and continue the stirring. After a few min,
the temperature of the mass quickly rises to 30.5 –32.0 .
• Melting Range of l-Menthol
(See Melting Range or Temperature

741 .)
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Acceptance criteria: 41 –44
• Optical Rotation, Specific Rotation 781S
Sample solution: 100 mg/mL in alcohol
Acceptance criteria
l-Menthol:

45 to

dl-Menthol:

51

2 to +2

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers, preferably at controlled room
temperature.
• Labeling: Label it to indicate whether it is levorotatory or racemic.
Add the following:
• USP Reference Standards
USP Menthol RS

11

USP37

BRIEFING
Mepivacaine Hydrochloride, USP 35 page 3805. As part of USP's monograph modernization
initiative, the following revisions are proposed:
1.
Delete the Identification test based on melting point determination, and replace it with
a retention time agreement based on the HPLC Assay.
2.
Replace the packed column GC method for Organic Impurities with an Organic
Impurities HPLC procedure, adopted from the current monograph for Mepivacaine
Hydrochloride in the European Pharmacopoeia. The liquid chromatographic
procedures in the Assay and in the test for Organic Impurities are based on analyses
performed with the Kromasil 100 A C18 brand of L1 column. The typical retention
time of mepivacaine is about 9 min.
3.
Revise the Assay to replace the titration method with the HPLC procedure used in the
test for Organic Impurities. This revision eliminates the use of mercuric acetate,
which is a safety hazard
4.
Add a procedure to determine the limit of 2,6-dimethylaniline by headspace GC. The GC
procedure is based on analyses performed with J&W Scientific DB-624 brand of G43
column. The typical retention time of 2,6-dimethylaniline is about 5–7 min.
(SM4: M. Waddell, L. Santos.)
Correspondence Number—C71289

Comment deadline: January 31, 2013
Mepivacaine Hydrochloride

C15 H22 N2 O·HCl

282.81

2-Piperidinecarboxamide, N-(2,6-dimethylphenyl)-1-methyl-, monohydrochloride, (±)-;
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(±)-1-Methyl-2¢,6¢-pipecoloxylidide monohydrochloride

[1722-62-9].

DEFINITION
Mepivacaine Hydrochloride contains NLT 98.0% and NMT 102.0% of mepivacaine hydrochloride
(C15 H22 N2 O·HCl), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B.
Sample solution: 250 mg of mepivacaine hydrochloride in 10 mL of water
Analysis: Render the Sample solution slightly alkaline with sodium carbonate TS, extract
the precipitate with ether, evaporate the ether extract on a steam bath to dryness, and
dry the residue in vacuum at 60 for 1 h.
Acceptance criteria: The mepivacaine so obtained melts between 149 and 153
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP37
• C. Identification Tests—General, Chloride 191
Sample solution: 10 mg/mL
Acceptance criteria: Meets the requirements
ASSAY
Change to read:
• Procedure
Sample solution: Transfer about 550 mg of Mepivacaine Hydrochloride in a 200-mL
beaker, and dissolve in 50 mL of glacial acetic acid, heating if necessary. Add 10 mL of
mercuric acetate TS and 1 drop of crystal violet TS.
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
End point detection: Visual
Analysis: Titrate the Sample solution with Titrant to a green endpoint. Perform a blank
determination, and make any necessary correction. Each mL of 0.1 N perchloric acid is
equivalent to 28.28 mg of mepivacaine hydrochloride (C15 H22 N2 O·HCl).
Acceptance criteria: 98.0%–102.0% on the dried basis
Buffer: 2.25 g/L solution of phosphoric acid, adjusted with 50% sodium hydroxide to a pH
of 7.6.
Mobile phase: Acetonitrile and Buffer (35:65)
System suitability solution: 2 µg/mL of USP Mepivacaine Hydrochloride RS and 3 µg/mL
of USP Bupivacaine Related Compound B RS in Mobile phase
Standard solution: 0.2 mg/mL of USP Mepivacaine Hydrochloride RS in Mobile phase
Sample solution: 0.2 mg/mL of Mepivacaine Hydrochloride in Mobile phase
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between bupivacaine related compound B and mepivacaine,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of mepivacaine hydrochloride (C15 H22 N2 O·HCl) in the
portion of Mepivacaine Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Mepivacaine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Mepivacaine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis USP37
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
Change to read:
• Organic Impurities
Standard solution: 5 mg/mL of USP Mepivacaine Hydrochloride RS in water
Sample solution: 50 mg/mL mepivacaine hydrochloride in water
Chromatographic system
(See Chromatography

621 , System Suitability.)

Mode: GC
Detector: Flame ionization
Column: 4-mm × 1.8-m glass column packed with 3% phase G19 on packing S1A
Temperature: 230
Carrier gas: Dry helium
Flow rate: 40 mL/min
Injection volume: 1 µL
Analysis
Samples: Standard solution and Sample solution
Acceptance criteria: The total area of all extraneous peaks (except that of the solvent
peak) recorded for the Sample solution, over a time span of NLT 1.3 times the retention
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time for mepivacaine, relative to the total area of all peaks is NMT 0.4%.
Mobile phase, System suitability solution, and Chromatographic system: Proceed
as directed in the Assay. The run time is three times the retention time of the
mepivacaine peak.
Standard solution: 2 µg/mL of USP Mepivacaine Hydrochloride RS in Mobile phase
Sample solution: 2 mg/mL of Mepivacaine Hydrochloride in Mobile phase
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.5 between bupivacaine related compound B and mepivacaine,
System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any impurity the portion of Mepivacaine Hydrochloride
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of any individual impurity from the Sample solution
rS= peak response of mepivacaine from the Standard solution
C=
S concentration of USP Mepivacaine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of Mepivacaine Hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1.
Table 1

Name
Bupivacaine related compound B (desmethyl mepivacaine)a
Mepivacaine
Picolinamide analogb
Any individual unspecified impurity
Total impurities
a N-(2,6-Dimethylphenyl)piperidine-2-carboxamide.
b N-(2,6-Dimethylphenyl)picolinamide.

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.4
1.0
2.1
—
—

0.15
—
0.15
0.10
0.4

USP37

Add the following:
• 2,6-Dimethylaniline
Prepare the Standard solution and Sample solution fresh, just before use.
Standard stock solution: 0.6 µg/mL of USP Ropivacaine Related Compound A RS in 1 N
hydrochloric acid. [Note—Ropivacaine related compound A is 2,6-dimethylaniline
hydrochloride.]
Standard solution: Transfer 2.0 mL of the Standard stock solution and 1.0 mL of 3 N
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sodium hydroxide to a 20-mL headspace vial, and immediately close the vial with a cap.
Sample stock solution: 30 mg/mL of Mepivacaine Hydrochloride in 1 N hydrochloric acid
Sample solution: Transfer 2.0 mL of the Sample stock solution and 1.0 mL of 3 N sodium
hydroxide to a 20-mL headspace vial, and immediately close the vial with a cap.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 0.53 -mm × 30-m capillary; coated with 3-µm film of G43
Temperatures
Injection port: 225
Detector: 250
Column: See Table 2.
Initial
Temperature
Temperature
Ramp
( )
( /min)
130
10
Carrier gas: Helium
Flow rate: 4 mL/min
Injection type: Split ratio, 1:1
Headspace sampler
Equilibration time: 15 min

Table 2
Final
Temperature
( )
230

Hold time
at Final Temperature
(min)
5

Equilibration temperature: 90
Loop temperature: 215
Transfer line temperature: 220
Vial pressure: about 15 psi
Loop size: 3 mL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 15%
Analysis
Samples: Standard solution and Sample solution
Calculate the quantity, in ppm, of 2,6-dimethylaniline in the portion of Mepivacaine
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 106
rU= peak response of 2,6-dimethylaniline from the Sample solution
rS= peak response of 2,6-dimethylaniline from the Standard solution
CS= concentration of USP Ropivacaine Related Compound A RS in the Standard solution
(µg/mL)
CU= concentration of Mepivacaine Hydrochloride in the Sample solution (µg/mL)
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Mr1
= molecular weight of 2,6-dimethylaniline, 121.18
Mr2
= molecular weight of 2,6-dimethylaniline hydrochloride (ropivacaine related compound
A), 157.64
Acceptance criteria: NMT 20 ppm USP37
SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry at 105 for 4 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
Change to read:
• USP Reference Standards 11
USP Bupivacaine Related Compound B RS
N-(2,6-Dimethylphenyl)piperidine-2-carboxamide.
C14 H20 N2 O
232.32 USP37
USP Mepivacaine Hydrochloride RS
USP Ropivacaine Related Compound A RS
2,6-Dimethylaniline hydrochloride.
C8 H11 N·HCl
157.64 USP37
BRIEFING
Meropenem for Injection, USP 35 page 3815. On the basis of comments received and as part
of USP monograph modernization, the following revisions are proposed:
1.
The calculation formula definition in the Assay and the Organic Impurities is revised to
reflect the potency of USP Meropenem RS on the package label.
2.
The column efficiency criteria in the System suitability subsection of the Assay is
deleted, because the remaining limits are adequate to evaluate the System
suitability.
3.
The monograph is updated to current USP style.
(SM1: S. Shivaprasad.)
Correspondence Number—C95930

Comment deadline: January 31, 2013
Meropenem for Injection
DEFINITION
Meropenem for Injection is a sterile dry mixture of Meropenem and Sodium Carbonate. It
contains NLT 90.0% and NMT 120.0% of the labeled amount of meropenem (C17 H25 N3 O5 S).
IDENTIFICATION
• A. The retention time of the meropenem peak of the Sample solution corresponds to that of
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the Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Solution A: 1:10 solution of phosphoric acid and water
Buffer: Dilute 15 mL of tetrabutylammonium hydroxide solution (25% in water) with water
to 750 mL. Adjust with Solution A to a pH of 7.5 ± 0.1.
Mobile phase: Acetonitrile, methanol, and Buffer (150:100:750)
Standard solution: 0.11 mg/mL of USP Meropenem RS in Mobile phase. Immediately after
preparation, store this solution in a refrigerator, and use within 24 h.
Sample stock solution 1 (where it is represented as being a single-dose container):
Nominally 1 mg/mL of meropenem, prepared as follows. USP37
Constitute a container of Injection with a volume of water, corresponding to the quantity of
solvent specified in the labeling. Withdraw all of the withdrawable contents, using a
suitable hypodermic needle and syringe, and transfer to a suitable volumetric flask. Dilute
with water to volume, and mix.
Sample solution 1: Nominally 0.1 mg/mL of meropenem in Mobile phase from Sample stock
solution 1. Hold this Sample solution 1 for 2 h at 25 ± 1 before testing.
Sample stock solution 2 (where the label states the quantity of meropenem in a given
volume of constituted solution):
Nominally 1 mg/mL of meropenem, prepared as follows. USP37
Constitute a container of Injection with a volume of water corresponding to the quantity of
solvent specified in the labeling, and dilute with water.
Sample solution 2: Nominally 0.1 mg/mL of meropenem in Mobile phase from Sample stock
solution 2. Hold this Sample solution 2 for 2 h at 25 ± 1 before testing.
Chromatographic system
(See Chromatography 621 , System Suitability)
Mode: LC
Detector: UV 300 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min. [Note—Adjust the flow rate to obtain a retention time for
meropenem of about 6–8 min. ]
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2500 theoretical plates
USP37

Relative standard deviation: NMT 2.0%
Tailing factor: NMT 1.5
Analysis
Samples: Standard solution and Sample solution 1 or Sample solution 2
Calculate the percentage of the labeled amount of meropenem (C17 H25 N3 O5 S) in the
portion of Meropenem for Injection taken:
Result = (rU/rS) × (CS/CU) × P × 100
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rU= peak response of meropenem from Sample solution 1 or Sample solution 2
rS= peak response of meropenem from the Standard solution
C=
S concentration of USP Meropenem RS in the Standard solution (mg/mL)
C=
U nominal concentration of meropenem in Sample solution 1 or Sample solution 2
(mg/mL)
P= stated percentage, on the anhydrous basis, of meropenem in USP Meropenem RS
potency of meropenem in USP Meropenem RS (mg/mg) USP37
Acceptance criteria: 90.0%–120.0%
OTHER COMPONENTS
• Content of Sodium
Solution A: 38.1 g/L of potassium chloride in water
Standard stock solution: 25.42 µg/mL of sodium chloride (previously dried at 105 for 2 h)
in water
Standard solution: 2.5 µg/mL of sodium chloride from the Standard stock solution mixed
first with Solution A to 10% of the final volume and diluted with water to volume.
Sample stock solution 1 (where it is represented as being a single-dose container):
Nominally 0.125 mg/mL of meropenem prepared as follows. Constitute a container of
Injection with a volume of water corresponding to the quantity of solvent specified in the
labeling. Withdraw all of the withdrawable contents, using a suitable hypodermic needle
and syringe, and transfer to a suitable volumetric flask. Dilute with water to volume.
Sample stock solution 2 (where the label states the quantity of meropenem in a given
volume of constituted solution): Nominally 0.125 mg/mL of meropenem prepared as
follows. Constitute a container of Injection with a volume of water, corresponding to the
quantity of solvent specified in the labeling. Transfer the constituted solution to a suitable
volumetric flask, and dilute with water to volume.
Sample solution: Nominally 0.0125 mg/mL of meropenem from Sample stock solution 1 or
Sample stock solution 2 mixed first with Solution A to 10% of the final volume, and dilute
with water to volume.
Blank: 1:10 mixture of Solution A and water
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: Atomic absorption spectrophotometry
Analytical wavelength: 589.6 nm sodium emission line
Burner: Single-slot
Flame: Air–acetylene
Lamp: Sodium hollow-cathode
Analysis
Samples: Standard solution, Sample solution, and Blank
Calculate the percentage of sodium (Na) in the portion of Meropenem for Injection taken:
Result = (AU/AS) × (CS/CU) × (Mr1/Mr2) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of sodium chloride in the Standard solution (µg/mL)
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CU= nominal concentration of meropenem in the Sample solution (µg/mL)
Mr1
= atomic weight of sodium, 22.99
Mr2
= molecular weight of sodium chloride, 58.44
Acceptance criteria: 80%–120% of the labeled amount of sodium
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
Change to read:
• Organic Impurities
Solution A: 1:10 solution of phosphoric acid and water
Buffer: Mix 1 mL of triethylamine and 900 mL of water. Adjust with Solution A to a pH of
5.0 ± 0.1, and dilute with water to 1000 mL.
Mobile phase: Acetonitrile and Buffer (70:1000)
Standard solution: 0.029 mg/mL of USP Meropenem RS in Buffer. Store this solution in a
refrigerator immediately after preparation, and use within 24 h.
Sample solution: Nominally prepare 5 mg/mL of meropenem in Buffer from Meropenem for
Injection. This solution has to be prepared fresh and used immediately.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Temperature: 40
Flow rate: 1.6 mL/min. [Note—Adjust to obtain a retention time for meropenem of 5–7
min.]
Injection volume: 10 µL
Run time: 3 times the retention time of meropenem
System suitability
Sample: Standard solution
Suitability requirements
Column efficiency: NLT 2500 theoretical plates
USP37

Relative standard deviation: NMT 2.0%
Tailing factor: NMT 1.5
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Meropenem for Injection
taken:
Result = (rU/rS) × (CS/CU) × P × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of meropenem from the Standard solution
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C=
S concentration of USP Meropenem RS in the Standard solution (mg/mL)
C=
U nominal concentration of meropenem in the Sample solution (mg/mL)
P= stated percentage, on the anhydrous basis, of meropenem in USP Meropenem RS
potency of meropenem in USP Meropenem RS (mg/mg) USP37
Acceptance criteria: See Table 1.
Table 1
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Name

Meropenem impurity Ia
0.45
a
Meropenem impurity II
1.9
a Specified, unidentified impurities.

0.8
0.6

SPECIFIC TESTS
• Bacterial Endotoxins Test

85 : NMT 0.125 USP Endotoxin Unit/mg of meropenem.

• Constituted Solution: At the time of use, it meets the requirements for Injections
Constituted Solutions.

1 ,

• Loss on Drying 731
Analysis: Dry in a vacuum at 65 for 6 h.
Acceptance criteria: 9.0%–12.0%
• Particulate Matter in Injections
injections

788 : Meets the requirements for small-volume

• pH 791
Sample solution: 50 mg/mL
Acceptance criteria: 7.3–8.3
• Sterility Tests 71 : Meets the requirements when tested as directed for Test for Sterility
of the Product to Be Examined, Membrane Filtration
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers as described in Injections
Containers for Sterile Solids. Store at controlled room temperature.

1 ,

• Labeling: Meets the requirements for Injections 1 , Labeling. Label it to state the
quantity, in mg, of sodium (Na) in a given dosage of meropenem.
• USP Reference Standards
USP Endotoxin RS
USP Meropenem RS

11

BRIEFING
Naproxen Sodium and Pseudoephedrine Hydrochloride Extended-Release Tablets.
Because there is no existing USP monograph for this dosage form, a new monograph based
on validated methods of analysis is being proposed. The HPLC procedures in the Assay and
the Dissolution test are based on analyses performed with the Spherisorb ODS1 brand of L1
column. The typical retention times for pseudoephedrine and naproxen in the Assay are
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about 5 and 11 min, respectively. The typical retention times for pseudoephedrine and
naproxen in the Dissolution test are about 4 and 8 min, respectively. The HPLC procedures in
the tests for Naproxen Sodium Related Impurities and Pseudoephedrine Hydrochloride
Related Impurities are based on analyses performed with the Symmetry Shield RP18 brand of
L1 column. The typical retention time for naproxen in the test for Naproxen Sodium Related
Impurities is about 9 min. The typical retention time for pseudoephedrine in the test for
Pseudoephedrine Hydrochloride Related Impurities is about 17 min.
(SM2: C. Anthony, L. Santos.)
Correspondence Number—C89101

Comment deadline: January 31, 2013
Add the following:
Naproxen Sodium and Pseudoephedrine Hydrochloride Extended-Release Tablets
DEFINITION
Naproxen Sodium and Pseudoephedrine Hydrochloride Extended-Release Tablets contain NLT
90.0% and NMT 110 .0% of the labeled amounts of naproxen sodium (C14 H13 NaO3 ) and
pseudoephedrine hydrochloride (C10 H15 NO·HCl).
IDENTIFICATION
• A. The retention times of the major peaks of the Sample solution correspond to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 0.4 g/L of sodium lauryl sulfate in water. Add 5 mL of triethylamine, and adjust with
glacial acetic acid to a pH of 4.1.
Mobile phase: Acetonitrile, methanol, and Buffer (25:25:50)
Standard solution: 0.22 mg/mL of USP Naproxen RS and 0.12 mg/mL of USP
Pseudoephedrine Hydrochloride RS in methanol. Pass a portion of the solution through a
suitable filter of 0.45-µm pore size.
Sample stock solution: Nominally 2.2 mg/mL of naproxen sodium and 1.2 mg/mL of
pseudoephedrine hydrochloride in methanol prepared as follows. Dissolve NLT 5 Tablets
equivalent to 1.1 g of naproxen sodium and 600 mg of pseudoephedrine hydrochloride in a
500-mL volumetric flask, add 350 mL of methanol, and sonicate for 30 min with
intermittent shaking. Allow the solution to cool to room temperature, and dilute with
methanol to volume. Centrifuge 10 mL of the solution for 10 min, and use the filtrate to
prepare the Sample solution.
Sample solution: Nominally 0.22 mg/mL of naproxen sodium and 0.12 mg/mL of
pseudoephedrine hydrochloride in methanol from the Sample stock solution. Pass a portion
of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography
Mode: LC
Detector: UV 257 nm

621 , System Suitability.)
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Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for the naproxen and pseudoephedrine peaks
Relative standard deviation: NMT 2.0% for the naproxen and pseudoephedrine peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of naproxen sodium (C14 H13 NaO3 ) and
pseudoephedrine hydrochloride (C10 H15 NO·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of naproxen and pseudoephedrine from the Sample solution
rS= peak response of naproxen and pseudoephedrine from the Standard solution
C=
S concentration of USP Naproxen Sodium RS and USP Pseudoephedrine Hydrochloride RS
in the Standard solution (mg/mL)
C=
U nominal concentration of naproxen or pseudoephedrine in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.01% sodium lauryl sulfate in deaerated water; 900 mL
Apparatus 1: basket; 75 rpm
Times: 1 h for naproxen sodium and 1, 3, and 8 h for pseudoephedrine hydrochloride
Buffer: Add 5 mL of triethylamine to 1 L of 0.4 g/L of sodium lauryl sulfate in water. Adjust
with glacial acetic acid to a pH of 4.1.
Mobile phase: Acetonitrile, methanol, and Buffer (25:25:50)
Standard stock solution: 1.22 mg/mL of USP Naproxen Sodium RS and 0.66 mg/mL of USP
Pseudoephedrine Hydrochloride RS in methanol
Standard solution: 0.24 mg/mL of USP Naproxen Sodium RS and 0.13 mg/mL of USP
Pseudoephedrine Hydrochloride RS in Medium from the Standard stock solution. Pass
about 2 mL of the solution through a suitable filter of 0.45-µm pore size.
Sample solution: At the times specified, withdraw 10 mL of the solution under test, and
pass through a suitable filter of 0.45-µm pore size. Replace the aliquots withdrawn for
analysis with equal volumes of fresh portions of the Dissolution Medium.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 257 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection size: 40 µL
System suitability
Sample: Standard solution
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[Note—The relative retention times for pseudoephedrine and naproxen are 0.5 and 1.0,
respectively.]
Suitability requirements
Tailing factor: NMT 2.0 for the naproxen and pseudoephedrine peaks
Relative standard deviation: NMT 2.0% for the naproxen and pseudoephedrine peaks
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage (Q) of the labeled amount of naproxen sodium (C14 H13 NaO3 )
dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of naproxen from the Sample solution
rS= peak response of naproxen from the Standard solution
C=
S concentration of USP Naproxen Sodium RS in the Standard solution (mg/mL)
L= label claim of naproxen sodium (mg/Tablet)
V= volume of Medium, 900 mL
Calculate the percentage of the labeled amount (Q) of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at each time point (i):
Result 1 = (Ci/L) × V × 100
Result 2 = {[(C2 × V] + [C1 × VS]} × (1/L) × 100
Result 3 = {[(C3 × V] + [(C2 × C1) × VS]} × (1/L) × 100
C1, = concentration of pseudoephedrine hydrochloride in Medium in the portion of the
C2, sample withdrawn at time points 1, 2, and 3, respectively (mg/mL)
C3
L
= label claim of pseudoephedrine hydrochloride (mg/Tablet)
V
= volume of Medium, 900 mL
VS = volume of the Sample solution withdrawn from the vessel and replaced with Medium
Tolerances: NLT 80% (Q) of the labeled amount of naproxen sodium (C14 H13 NaO3 ) is
dissolved in 1 h. The percentage of the labeled amount of pseudoephedrine hydrochloride
(C10 H15 NO·HCl) dissolved at the times specified conform to Table 1.
For Tablets labeled to contain 500 mg, see Table 1:
Time Point
(i)
1
3
8

Table 1
Amount of Pseudoephedrine Hydrochloride
(C 10H15NO·HCl) Dissolved
35%–55%
75%–95%
NLT 85%

PERFORMANCE TESTS
• Uniformity of Dosage Units
IMPURITIES

905 : Meet the requirements
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• Naproxen Sodium Related Impurities
Mobile phase: Acetonitrile, water, and glacial acetic acid (50:50:1)
Diluent: Acetonitrile and water (90:10)
Standard solution: 6 µg/mL of USP Naproxen Sodium in Diluent. Pass a portion of the
solution through a suitable filter of 0.45-µm pore size.
Sample solution: Nominally 3.1 mg/mL of naproxen sodium in Diluent, prepared as follows.
Transfer an equivalent to 305 mg of naproxen sodium from NLT 20 finely powdered Tablets
to a 100-mL volumetric flask, add 70 mL of Diluent, and sonicate for 20 min with
intermittent shaking. Allow the solution to cool to room temperature, and dilute with
Diluent to volume. Pass a portion of the solution through a suitable filter of 0.45-µm pore
size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 260 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection size: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: 0.9–1.1
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each naproxen sodium related impurity in the portion of
Tablets taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each naproxen impurity from the Sample solution
rS= peak response of naproxen from the Standard solution
C=
S concentration of USP Naproxen Sodium RS in the Standard solution (mg/mL)
C=
U nominal concentration of naproxen sodium in the Sample solution (mg/mL)
F= relative response factor of each naproxen sodium related impurity from Table 2
Acceptance criteria: See Table 2.

Name
Impurity Da
Naproxen
Impurity Ab
Impurity Bc
Impurity Cd

Table 2
Relative
Retention
Time
0.84
1.00
1.33
2.23
4.61

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
1.2
—
6.8
0.95
0.83

0.2
—
0.2
0.2
0.2
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Any unspecified impurity
—
1.0
Total impurities
—
—
a 1-(6-Methoxynaphthalen-2-yl)ethanol.
b 1-(6-Methoxynaphthalen-2-yl)ethanone.
c Methyl 2-(6-methoxynaphthalen-2-yl)propionate.
d Isopropyl 2-(6-methoxynaphthalen-2-yl)propionate.

500

0.2
1.5

• Pseudoephedrine Hydrochloride Related Impurities
Solution A: 5 mL/L of triethylamine in water. Adjust with phosphoric acid to a pH of 3.0.
Solution B: Acetonitrile and water (900:100)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
30
100
0
40
0
100
50
0
100
55
100
0
90
100
0
Diluent: 5 mL/L of triethylamine in water. Adjust with phosphoric acid to a pH of 6.8.
Standard solution: 1 µg/mL of USP Pseudoephedrine Hydrochloride RS in Diluent. Pass a
portion of the solution through a suitable filter of 0.45-µm pore size.
Sample solution: Nominally 0.5 mg/mL of pseudoephedrine hydrochloride in Diluent,
prepared as follows. Transfer an equivalent to 50 mg of pseudoephedrine hydrochloride
from NLT 20 finely powdered Tablets to a 100-mL volumetric flask, add 70 mL of Diluent,
and sonicate for 30 min with intermittent shaking. Allow the solution to cool to room
temperature, and dilute with Diluent to volume. Centrifuge a portion of the solution for 10
min. Pass a portion of the solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: 0.9–1.1
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each pseudoephedrine hydrochloride related impurity in the
portion of Tablets taken:
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Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each pseudoephedrine hydrochloride impurity from the Sample solution
rS= peak response of pseudoephedrine from the Standard solution
C=
S concentration of USP Pseudoephedrine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U nominal concentration of pseudoephedrine hydrochloride in the Sample solution (mg/mL)
F= relative response factor of each pseudoephedrine hydrochloride related impurity from
Table 4
Acceptance criteria: See Table 4.

Name

Table 4
Relative
Retention
Time

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)

Norephedrinea
0.62
1.0
Norpseudoephedrineb
0.72
1.3
c
Ephedrine
0.90
0.94
Naproxen
1.00
—
Any unspecified impurity
—
1.0
Total impurities
—
—
a (1R,2S)-2-Amino-1-phenylpropan-1-ol.
b (1S,2S)-2-Amino-1-phenylpropan-1-ol.
c (1R,2S)-2-(Methylamino)-1-phenylpropan-1-ol.

0.2
0.2
0.2
—
0.2
1.5

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Naproxen Sodium RS
USP Pseudoephedrine Hydrochloride RS
USP37

BRIEFING
Olanzapine and Fluoxetine Capsules, USP 35 page 4103. On the basis of comments
received, the following revisions are proposed:
1.
Additional details are provided for the preparation of the Sample solution in the Assay
and in the test for Organic Impurities. The commenter noted it was unclear whether
the entire capsule (content and shell) or the capsule content was used for sample
preparation.
2.
Minor editorial changes to be consistent with the monograph redesign initiative.
(SM4: M. Koleck, R. Ravichandran.)
Correspondence Number—C120706

Comment deadline: January 31, 2013
Olanzapine and Fluoxetine Capsules
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DEFINITION
Olanzapine and Fluoxetine Capsules contain an amount of Olanzapine and Fluoxetine
Hydrochloride equivalent to NLT 90.0% and NMT 110.0% each of the labeled amount of
olanzapine (C17 H20 N4 S) and fluoxetine (C17 H18 F 3 NO).
IDENTIFICATION
A. The retention times of the major peaks in the Sample solution correspond to those in the
Standard solution, as obtained in the Assay.
ASSAY
Change to read:
• Procedure
Buffer: 37 mg/L of disodium ethylenediaminetetraacetate in water. Add 3.3 mL of
phosphoric acid, and adjust with 50% sodium hydroxide to a pH of 2.5. Dissolve 8.7 g of
sodium dodecyl sulfate in the resulting solution.
Mobile phase: Acetonitrile and Buffer (1:1)
Standard solution: 0.12 mg/mL of USP Olanzapine RS and 0.45 mg/mL of USP Fluoxetine
Hydrochloride RS in Mobile phase
Sample solution:
Nominally, USP37
0.06–0.18 mg/mL of olanzapine and 0.25-0.5 mg/mL of fluoxetine in Mobile phase from a
counted number of Capsules
prepared as follows. Place the Capsules (including shells) into a suitable volumetric flask
and fill to about half volume with Mobile phase. Mix for NLT 30 min. If disintegration is
incomplete, sonicate for NMT 5 min. Dilute with Mobile phase to volume, mix, and filter or
centrifuge. USP37
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 227 nm
Column: 4.6-mm × 7.5-cm; 3.5-µm packing L7
Column temperature: 40
Flow rate: 2 mL/min
Injection volume: 10 µL
Run time: 2.5 times the retention time of olanzapine
System suitability
Sample: Standard solution
[Note—The relative retention times for olanzapine and fluoxetine are 1.0 and 1.5,
respectively.]
Suitability requirements
Resolution: NLT 2.0 between olanzapine and fluoxetine
Relative standard deviation: NMT 2.0% for the olanzapine and fluoxetine peaks
Analysis
Samples: Standard solution and Sample solution
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Calculate the percentage of the labeled amount olanzapine (C17 H20 N4 S) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of olanzapine from the Sample solution
rS= peak response of olanzapine from the Standard solution
C=
S concentration of USP Olanzapine RS in the Standard solution (mg/mL)
C=
U nominal concentration of olanzapine in the Sample solution (mg/mL)
Calculate the percentage of the labeled amount of fluoxetine (C17 H18 F 3 NO) in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of fluoxetine from the Sample solution
rS= peak response of fluoxetine from the Standard solution
CS= concentration of USP Fluoxetine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of fluoxetine in the Sample solution (mg/mL)
Mr1
= molecular weight of fluoxetine, 309.33
Mr2
= molecular weight of fluoxetine hydrochloride, 345.79
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: 0.1 N hydrochloric acid; 900 mL, deaerated
[Note—Helium sparging recommended.]
Apparatus 2: 50 rpm, with 3-prong sinkers
Time: 30 min for both olanzapine and fluoxetine
Standard solution: USP Olanzapine RS and USP Fluoxetine Hydrochloride RS in Medium to
obtain a final concentration of L/1000 mg/mL each, where L is the Capsule label claim, in
mg
Sample solution: Pass a portion of the solution through a suitable filter of 0.45-µm pore
size.
Buffer, Mobile phase, Chromatographic system, System suitability, and Analysis:
Proceed as directed in the Assay.
Calculate the percentage of the labeled amount of olanzapine (C17 H20 N4 S) dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response of olanzapine from the Sample solution
rS= peak response of olanzapine from the Standard solution
C=
S concentration of USP Olanzapine RS in the Standard solution (mg/mL)
L= label claim for olanzapine (mg/Capsule)
V= volume of Medium, 900 mL
Calculate the percentage of the labeled amount of fluoxetine (C17 H18 F 3 NO) dissolved:
Result = (rU/rS) × (CS/L) × (Mr1/Mr2) × V × 100
rU= peak response of fluoxetine from the Sample solution
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rS= peak response of fluoxetine from the Standard solution
CS= concentration of USP Fluoxetine Hydrochloride RS in the Standard solution (mg/mL)
L = label claim for fluoxetine (mg/Capsule)
Mr1
= molecular weight of fluoxetine, 309.33
Mr2
= molecular weight of fluoxetine hydrochloride, 345.79
V = volume of Medium, 900 mL
Tolerances: NLT 80% (Q) of the labeled amount of olanzapine (C17 H20 N4 S) and fluoxetine
(C17 H18 F 3 NO) are dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Change to read:
• Organic Impurities
Buffer and Mobile phase: Proceed as directed in the Assay.
System suitability solution: 0.1 mg/mL of USP Olanzapine RS, 0.11 mg/mL of USP
Fluoxetine Hydrochloride RS, 0.002 mg/mL each of [(2-methylamino)ethyl] benzyl
alcohol, trifluoro-p-cresol, USP Fluoxetine Related Compound B RS, and USP Olanzapine
Related Compound B RS in Mobile phase
Standard solution: 2 µg/mL of USP Olanzapine RS and 8 µg/mL of USP Fluoxetine
Hydrochloride RS in Mobile phase
Sample solution: Transfer the sample to a suitable volumetric flask to obtain a
concentration of 0.2 mg/mL of olanzapine and 0.27–1.7 mg/mL of fluoxetine in Mobile
phase
Empty the Capsules, and combine the contents in a suitable container. The contents of
the Capsules may be powdered in a mortar, if necessary. Transfer an amount of the
sample to a suitable volumetric flask to obtain nominally 0.2 mg/mL of olanzapine and
0.27–1.7 mg/mL of fluoxetine and fill to about 70% volume with Mobile phase. Mix for
about 5 min. Dilute with Mobile phase to volume, mix, and filter or centrifuge. USP37
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Temperatures
Column: 35
Autosampler: 5
Flow rate: 1.5 mL/min
Injection volume: 50 µL
Run time: 1.5 times the retention time of fluoxetine
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
[Note—Identify the peaks using Table 1.]
Table 1
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Relative
Retention
Time
0.22
0.24
0.30
0.31
0.63
1.0

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
—
0.25
1.73
0.20
—
0.25
—
0.25
—
—
—
—

Name
[(2-Methylamino)ethyl] benzyl alcohol
Olanzapine related compound Ba
Trifluoro-p-cresol
Fluoxetine related compound Bb
Olanzapine
Fluoxetine
Any individual fluoxetine related degradation
—
—
product
0.25
Any individual olanzapine related degradation
—
product
1.0
0.20
Total impurities (fluoxetine related)
—
—
0.40
Total impurities (olanzapine related)
—
—
0.8
a 2-Methyl-10H-thieno-[2,3-b][1,5]benzodiazepin-4[5H]-one.
b N-Methyl-3-phenylpropylamine.
[Note—Peak names provided for identification purposes only.]
Resolution: NLT 1.9 between [(2-methylamino)ethyl] benzyl alcohol and olanzapine
related compound B, System suitability solution
Tailing factor: NMT 1.8 for olanzapine and fluoxetine, System suitability solution and
Standard solution
Analysis
Samples: Standard solution and Sample solution
[Note—Peaks eluting before a relative retention time of 0.63 and after a relative retention
time of 1.0, excluding any peak with relative retention times of 0.22, 0.30, and 0.31, are
olanzapine related degradation products.]
Calculate the percentage of each olanzapine related degradation product in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of olanzapine from the Standard solution
C=
S concentration of USP Olanzapine RS in the Standard solution (mg/mL)
C=
U nominal concentration of olanzapine in the Sample solution (mg/mL)
F= relative response factor for (see Table 1)
[Note—Peaks eluting at relative retention times of 0.22, 0.30, and 0.31, and any peaks
between a relative retention time of 0.63 and 1.0, are fluoxetine related degradation
products.]
Calculate the percentage of each fluoxetine related degradation product in the portion of
Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response of each individual impurity from the Sample solution
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rS= peak response of fluoxetine from the Standard solution
CS= concentration of USP Fluoxetine Hydrochloride RS in the Standard solution (mg/mL)
CU= nominal concentration of fluoxetine in the Sample solution (mg/mL)
Mr1
= molecular weight of fluoxetine, 309.33
Mr2
= molecular weight of fluoxetine hydrochloride, 345.79
Acceptance criteria: See Table 1.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers. Store at controlled room temperature.
• USP Reference Standards 11
USP Fluoxetine Hydrochloride RS
Benzenepropanamine, N-methyl-gamma-[4-(trifluoromethyl)phenoxy]-, hydrochloride,
±.
C17 H18 F 3 NO·HCl
345.79
USP Fluoxetine Related Compound B RS
N-Methyl-3-phenylpropylamine.
C10 H15 N
149.23
USP Olanzapine RS
10H-Thieno[2,3-b][1,5]benzodiazepine, 2-methyl-4-(4-methyl-1-piperazinyl.
C17 H20 N4 S
312.43
USP Olanzapine Related Compound B RS
2-Methyl-10H-thieno-[2,3-b][1,5]benzodiazepin-4[5H]-one.
C12 H10 N2 OS
230.29
BRIEFING
Oxybenzone, USP 35 page 4164. As part of the USP monograph modernization effort, the
following revisions are proposed based on a validated method of analysis:
1.
Introduce a stability-indicating HPLC Assay procedure to replace the existing UV
procedure.
2.
The UV-based Identification test B is replaced with the HPLC retention time agreement
based on the Assay.
The new HPLC procedure in the Assay is based on analyses performed with a Waters Symmetry
C18 brand of L1 column. The typical retention time for oxybenzone is about 4 min.
(SM3: F. Mao, M. Puderbaugh.)
Correspondence Number—C94333

Comment deadline: January 31, 2013
Oxybenzone

C14 H12 O3

228.24

PF 38(6): Nov.-Dec. 2012

507

Methanone, (2-hydroxy-4-methoxyphenyl)phenyl-;
2-Hydroxy-4-methoxybenzophenone
[131-57-7].
DEFINITION
Oxybenzone contains NLT 97.0% and NMT 103.0% of oxybenzone (C14 H12 O3 ), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. Ultraviolet Absorption 197U
Analytical wavelength: 287 nm
Solution: 10 µg/mL in methanol
Acceptance criteria: Absorptivities, calculated on the dried basis, do not differ by more
than 3.0%.
The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP37
ASSAY
Change to read:
• Procedure
Standard solution: 10 µg/mL of USP Oxybenzone RS in methanol
Sample solution: 10 µg/mL of Oxybenzone in methanol
Instrumental conditions
Mode: UV
Analytical wavelength: Maximum at about UV 287 nm
Cell: 1 cm
Blank: Methanol
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxybenzone (C14 H12 O3 ) in the portion of Oxybenzone taken:
Result = (AU/AS) × (CS/CU) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Oxybenzone RS in the Standard solution (µg/mL)
C=
U concentration of Oxybenzone in the Sample solution (µg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
Mobile phase: Methanol and water (70:30)
Standard solution: 0.1 mg/mL of USP Oxybenzone RS in methanol. Sonicate if
necessary to dissolve.
Sample solution: 0.1 mg/mL of Oxybenzone in methanol. Sonicate if necessary to
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dissolve.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 289 nm
Column: 4.7-mm × 7.5-cm; 3.5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 0.73%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of oxybenzone (C14 H12 O3 ) in the portion of Oxybenzone
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Oxybenzone RS in the Standard solution (mg/mL)
C=
U concentration of Oxybenzone in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis USP37
SPECIFIC TESTS
• Congealing Temperature

651 : NLT 62.0

• Loss on Drying 731
Analysis: Dry a sample in a vacuum at 40 for 2 h.
Acceptance criteria: NMT 2.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers.
• USP Reference Standards
USP Oxybenzone RS

11
BRIEFING

Penicillin G Potassium Tablets, USP 35 page 4243. On the basis of comments received, it is
proposed to expand the Dissolution test from its original, brief cross-reference to Automated
Methods of Analysis 16 to present a complete, detailed procedure. The test for Loss on
Drying is deleted because the acceptance criteria for loss on drying are product specific.
(SM1: A. Wise.)
Correspondence Number—C119133
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Comment deadline: January 31, 2013
Penicillin G Potassium Tablets
DEFINITION
Penicillin G Potassium Tablets contain NLT 90.0% and NMT 120.0% of the labeled number of
Penicillin G Units.
IDENTIFICATION
• A. Thin-Layer Chromatography
Diluent: Acetone, 0.1 M citric acid, and 0.1 M sodium citrate (2:1:1)
Standard solution: 12,000 Penicillin G Units/mL from USP Penicillin G Potassium RS in
Diluent
Sample solution: Nominally 12,500 Penicillin G Units/mL from Tablets in Diluent. Pass
through a suitable filter.
Chromatographic system
(See Chromatography 621 , Thin-Layer Chromatography.)
Adsorbent: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 20 µL
Developing solvent system: Toluene, dioxane, and glacial acetic acid (90:25:4)
Spray reagent 1: Starch TS
Spray reagent 2: Iodine TS diluted 1 in 10 with water
Analysis
Samples: Standard solution and Sample solution
Apply the Sample solution and the Standard solution to the plate, place in a suitable
chromatographic chamber, and develop the chromatogram, using the Developing solvent
system, until the solvent front has moved three-fourths of the length of the plate.
Remove the plate from the chamber, mark the solvent front, and allow to air-dry. Spray
the plate with Spray reagent 1 followed by Spray reagent 2. Penicillin G appears as a
white spot on a purple background.
Acceptance criteria: The RF value of the penicillin G spot from the Sample solution
corresponds to that from the Standard solution.
ASSAY
• Procedure
Standard solution: Prepare as directed in Iodometric Assay—Antibiotics 425 , Standard
Preparation, using USP Penicillin G Potassium RS.
Sample solution: Nominally 2000 Penicillin G Units/mL, prepared as follows. Place NLT 5
Tablets in a high-speed glass blender jar containing a measured volume of Buffer No. 1,
and blend for 4 ± 1 min. Dilute a suitable aliquot with Buffer No. 1.
Analysis: Proceed as directed in Iodometric Assay—Antibiotics 425 , Procedure, using
glass-stoppered, 125-mL conical flasks.
Calculate the percentage of the labeled number of Penicillin G Units in the portion of
Tablets taken:
Result = (B

I) × (F/2) × (1/CU) × 100
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B= volume of 0.01 N sodium thiosulfate consumed in Blank Determination (mL)
I = volume of 0.01 N sodium thiosulfate consumed in Inactivation and Titration of the
Sample solution (mL)
F= factor as calculated in Iodometric Assay—Antibiotics 425 , Calculations
C=
U nominal concentration of penicillin G in the Sample solution (Penicillin G Units/mL)
Acceptance criteria: 90.0%–120.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: pH 6.0 phosphate buffer (see Reagents, Indicators, and Solutions—Buffer
Solutions); 900 mL
Apparatus 2: 75 rpm
Time: 60 min
Standard solution: 400 Penicillin G Units/mL from USP Penicillin G Potassium RS in Medium
Sample solution: Use a filtered portion of the solution under test.
Solution A: A 1-in-1000 solution of polyoxyethylene (23) lauryl ether in water
Solution B: Dissolve 20 g of hydroxylamine hydrochloride in 5 mL of Solution A, and add
water to make 1000 mL.
Buffer: 26 mg/mL of sodium hydroxide and 3.1 mg/mL of sodium acetate in water
Ferric nitrate solution: Suspend 233 g of ferric nitrate in about 600 mL of water, add
2.8 mL of sulfuric acid, stir until the ferric nitrate is dissolved, add 1 mL of
polyoxyethylene (23) lauryl ether, dilute with water to 1000 mL, and mix.
Apparatus: Automatic analyzer (Figure 1) consisting of (1) a liquid sampler, (2) a
proportioning pump, (3) suitable spectrophotometers equipped with matched flow cells
and analysis capability at 480 nm, (4) a means of recording spectrophotometric
readings and/or a computer for data retrieval and calculation, and (5) a manifold
consisting of the components illustrated in the figure.

Figure 1
USP37

Analysis: Proceed as directed for Procedure in Automated Methods of Analysis 16 ,
Antibiotics—Hydroxylamine Assay.
With the sample line pumping water, the other lines pumping their respective reagents, and
the spectrophotometer set at 480 nm, standardize the system until a steady absorbance
baseline has been established. Transfer portions of the Standard solution and the Sample
solution to sampler cups, and place in the sampler. Start the sampler, and conduct
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determinations of the Standard solution and the Sample solution, typically at the rate of
40 per h, using a ratio of about 2:1 for sample and wash time. USP37
Calculate the percentage of the labeled amount of Penicillin G Units dissolved:
Result = (AU/AS) × CS × V × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of USP Penicillin G Potassium RS in the Standard solution (Penicillin G
Units/mL)
V= volume of Medium, 900 mL
L= label claim (Penicillin G Units/Tablet)
Tolerances: NLT 70% (Q) of the labeled amount of Penicillin G Units is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

SPECIFIC TESTS
Delete the following:
• Loss on Drying 731 :
Analysis: Dry 100 mg of powdered Tablets in a capillary-stoppered bottle in a vacuum at 60
for 3 h.
Acceptance criteria: NMT 1.0%

USP37

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards 11
USP Penicillin G Potassium RS
BRIEFING
Promethazine and Phenylephrine Hydrochloride Oral Solution. Because more than two
years has elapsed since this article was first presented for public comments, it is proposed
to cancel the proposal that first appeared on page 298 of PF 35(2) [Mar.–Apr. 2009] and to
republish a redesigned version. The liquid chromatographic procedure in the Assay was
validated with the GL Sciences Intersil ODS-3 brand of L1 column, in which phenylephrine
elutes at about 16 min and promethazine elutes at about 39 min. The liquid chromatographic
procedure in Organic Impurities, Procedure 1 was validated with the Waters Symmetry
brand of L1 column, in which promethazine elutes at about 10 min. The liquid
chromatographic procedure in Organic Impurities, Procedure 2 was validated with the GL
Sciences Intersil ODS-3 brand of L1 column, in which promethazine elutes at about 39 min.
(SM2: C. Anthony, D. Vicchio. MSA: R. Tirumalai.)
Correspondence Number—C62808

Comment deadline: January 31, 2013
Add the following:
Promethazine and Phenylephrine Hydrochloride Oral Solution
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DEFINITION
Promethazine and Phenylephrine Hydrochloride Oral Solution contains NLT 90.0% and NMT
110.0% of the labeled amount of promethazine hydrochloride (C17 H20 N2 S·HCl) and
phenylephrine hydrochloride (C9 H13 NO2 ·HCl). It may contain suitable preservatives.
IDENTIFICATION
• A. The retention times of the promethazine and phenylephrine peaks of the Sample solutions
correspond to those of the Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Protect the sample and Standard solutions by using low-actinic glassware.
Solution A: Dissolve 2.0 g of monobasic potassium phosphate and 1.0 g of heptane sulfonic
acid sodium salt monohydrate in 950 mL of water, and carefully add 50 mL of acetonitrile.
Adjust with phosphoric acid to an apparent pH of 3.0.
Solution B: Dissolve 2.0 g of monobasic potassium phosphate and 1.0 g of heptane sulfonic
acid sodium salt monohydrate in 500 mL of water, and add 500 mL of acetonitrile. Adjust
with phosphoric acid to an apparent pH of 3.0.
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
1.0
100
0
50.0
0
100
50.1
100
0
55.0
100
0
Standard stock solution A: 1.8 mg/mL of USP Promethazine Hydrochloride RS and 1.4
mg/mL of USP Phenylephrine Hydrochloride RS in Solution A
Standard stock solution B: 1.4 mg/mL of USP Sodium Benzoate RS, 2.5 mg/mL of USP
Methylparaben RS, and 0.28 mg/mL of USP Propylparaben RS. Prepare by dissolving
appropiate quantities of USP Methylparaben RS, USP Propylparaben RS, and USP Sodium
Benzoate RS into a volume of acetonitrile equivalent to 40% of the total volume of the
flask and diluting with Solution A to volume.
Standard solution: 0.18 mg/mL of USP Promethazine Hydrochloride RS, 0.14 mg/mL of USP
Phenylephrine Hydrochloride RS, 0.14 mg/mL of USP Sodium Benzoate RS, 0.25 mg/mL of
USP Methylparaben RS, and 0.028 mg/mL of USP Propylparaben RS. Prepare by adding 5.0
mL each of Standard stock solution A and Standard stock solution B to a 50-mL volumetric
flask and diluting with Solution A to volume.
Promethazine hydrochloride sample solution: Nominally equivalent to 0.18 mg/mL of
promethazine hydrochloride in Solution A
Phenylephrine hydrochloride sample solution: Nominally equivalent to 0.14 mg/mL of
phenylephrine hydrochloride in Solution A
Chromatographic system
(See Chromatography

621 , System Suitability.)
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Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for benzoate, methylparaben, and propylparaben are
0.59, 0.64, and 1.05, respectively.]
Suitability requirements
Resolution: NLT 4.5 between benzoate and methylparaben; NLT 1.5 between
promethazine and propylparaben
Relative standard deviation: NMT 2.0% for both promethazine and phenylephrine
Analysis
Samples: Standard solution and Promethazine hydrochloride sample solution
Calculate the percentage of the labeled amount of promethazine hydrochloride
(C17 H20 N2 S·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of promethazine from the Promethazine hydrochloride sample solution
rS= peak response of promethazine from the Standard solution
C=
S concentration of USP Promethazine Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of the Promethazine hydrochloride sample solution (mg/mL)
Samples: Standard solution and Phenylephrine hydrochloride sample solution
Calculate the percentage of the labeled amount of phenylephrine hydrochloride
(C9 H13 NO2 ·HCl) in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of phenylephrine from the Phenylephrine hydrochloride sample solution
rS= peak response of phenylephrine from the Standard solution
C=
S concentration of USP Phenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
C=nominal
concentration of the Phenylephrine hydrochloride sample solution (mg/mL)
U
Acceptance criteria: 90.0%–110.0% for both promethazine hydrochloride and
phenylephrine hydrochloride
IMPURITIES
• Organic Impurities, Procedure 1
Protect the sample and Standard solutions by using low-actinic glassware.
Solution C: Dissolve 4.36 g of dibasic potassium phosphate in 1 L of water, add 2.0 mL of
triethylamine, and adjust with phosphoric acid to a pH of 6.4.
5 N phosphoric acid: Dilute 12 mL of phosphoric acid with water to 100 mL.
Diluent: Methanol, water, and 5 N phosphoric acid (5:95:1)
Mobile phase: Acetonitrile, methanol, and Solution C (30:20:50)
Standard solution: 3.5 µg/mL of USP Promethazine Hydrochloride RS in Diluent
Sensitivity solution: 0.18 µg/mL of USP Promethazine Hydrochloride RS in Diluent from the
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Standard solution. Prepare at time of use.
Promethazine hydrochloride sample solution: Nominal equivalent to 175 µg/mL of
promethazine hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 2 times the retention time of promethazine for Standards; 6 times the
retention time of promethazine for samples
System suitability
Samples: Standard solution and Sensitivity solution
Suitability requirements
Tailing factor: NMT 1.5 for promethazine, Standard solution
Relative standard deviation: NMT 7.5% for promethazine, Standard solution
Signal-to-noise: NLT 10 for promethazine, Sensitivity solution
Analysis
Samples: Standard solution and Promethazine hydrochloride sample solution
Calculate the percentage of each impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of the impurity from the Promethazine hydrochloride sample solution
rS= peak response of promethazine hydrochloride from the Standard solution
C=
S concentration of USP Promethazine Hydrochloride RS in the Standard solution (µg/mL)
C=
U nominal concentration of the Promethazine hydrochloride sample solution (µg/mL)
F= relative response factor for each impurity (see Table 2)
Acceptance criteria: See Table 2.
Table 2
Relative
Relative
Retention
Response
Time
Factor
1.0
1.0
2.4
2.0
4.2
2.0

Name
Promethazine
Phenothiazine
Methylphenothiazinea
a 10-Methylphenothiazine.

Acceptance
Criteria,
NMT (%)
—
0.5
0.5

• Organic Impurities, Procedure 2
Protect the sample and Standard solutions by using low-actinic glassware.
Solution A, Solution B, and Mobile phase: Prepare as directed in the Assay.
Standard stock solution A: 88 µg/mL of USP Promethazine Hydrochloride RS in Solution A
Standard stock solution B: Prepare as directed in the Assay.
Standard solution: 8.8 µg/mL of USP Promethazine Hydrochloride RS, 140 µg/mL of USP
Sodium Benzoate RS, 250 µg/mL of USP Methylparaben RS, and 28 µg/mL of USP
Propylparaben RS. Prepare by adding 5.0 mL of Standard stock solution A and 5.0 mL of
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Standard stock solution B into a 50-mL volumetric flask, and dilute with Solution A to
volume.
Sensitivity solution: 0.18 µg/mL of USP Promethazine Hydrochloride RS in Solution A from
Standard stock solution A. Prepare at time of use.
Promethazine hydrochloride sample solution: Prepare as directed in the Assay.
Use this solution to determine the promethazine related compounds and specified and
unknown impurities.
Phenylephrine hydrochloride sample solution: Prepare as directed in the Assay.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Samples: Standard solution and Sensitivity solution
[Note—The relative retention times for benzoate, methylparaben, and propylparaben are
0.59, 0.64, and 1.05, respectively.]
Suitability requirements
Resolution: NLT 4.5 between benzoate and methylparaben; NLT 1.5 between
promethazine and propylparaben, Standard solution
Relative standard deviation: NMT 7.5% for promethazine, Standard solution
Signal-to-noise ratio: NLT 10 for promethazine, Sensitivity solution
Analysis
Samples: Standard solution and Phenylephrine hydrochloride sample solution
Identify the phenylephrine impurities using the relative retention times given in Table 3.
Calculate the percentage of each phenylephrine impurity in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of the impurity from the Phenylephrine hydrochloride sample solution
rS= peak response of promethazine hydrochloride from the Standard solution
C=
S concentration of USP Promethazine Hydrochloride RS in the Standard solution (µg/mL)
C=
U nominal concentration of the Phenylephrine hydrochloride sample solution (µg/mL)
F= relative response factor for each impurity (see Table 3)
Samples: Standard solution and Promethazine hydrochloride sample solution
Using the data in Table 4, calculate the percentage of promethazine specified and
unidentified impurities and any unspecified impurities in the portion of Oral Solution
taken:
Result = (rU/rS) × (CS/CU) × (1/F) × 100
rU= peak response of the impurity from the Promethazine hydrochloride sample solution
rS= peak response of promethazine hydrochloride from the Standard solution
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C=
S concentration of USP Promethazine Hydrochloride RS in the Standard solution (µg/mL)
C=
U nominal concentration of the Promethazine hydrochloride sample solution (µg/mL)
F= relative response factor for each impurity (see Table 4)
Acceptance criteria
Individual impurities: See Table 2, 3, and 4.
Total impurities: NMT 16.0%. Sum of the total impurities from Table 3 and total
impurities from Table 4.
Table 3
Relative
Relative
Acceptance
Retention
Response
Criteria,
Name
Time
Factor
NMT (%)
Unidentified impurity 1
0.32
1.4
0.6
Unidentified impurity 2
0.33
1.4
0.5
a
3-Hydroxyindole dione
0.34
1.4
2.6
b
Norphenylephrine
0.37
1.4
3.5
7-Hydroxyindole trionec
0.38
1.4
3.5
Phenylephrine
0.40
—
—
Unidentified impurity 3
0.42
1.4
0.2
Unidentified impurity 4
0.43
1.4
0.5
4-Hydroxyindole trione and pyrocatecholyl
phenylephrined
0.44
1.4
0.6
Unidentified impurity 5
0.45
1.4
0.5
Unidentified impurity 6
0.46
1.4
0.5
e
Benzyl phenylephrine
0.69
1.0
0.5
f
—
—
Benzyladrianone
0.73
Promethazine
1.0
—
—
Any other unspecified impurity
—
1.0
0.2
Total phenylephrine impurities
—
—
10.0
a 3-Hydroxy-1-methyl-2,3-dihydro-1H-indole-5,6-dione.
b (R)-3-(2-Amino-1-hydroxyethyl)phenol.
c 7-Hydroxy-1-methyl-1H-indole-3,5,6(2H)-trione.
d 4-Hydroxy-1-methyl-1H-indole-3,5,6(2H)-trione, and two 3-{[2-hydroxy-2-(3hydroxyphenyl)ethyl](methyl)amino}benzene-1,2-diol isomers.
e (R)-3-{2-[Benzyl(methyl)amino]-1-hydroxyethyl}phenol.
f Phenylephrine synthetic impurity. Do not quantify.

Name
Phenothiazine sulfoxidea
Promethazine sulfoxideb
Unidentified impurity 1

Table 4
Relative
Retention
Time
0.71
0.72
0.77

Relative
Response
Factor
1.0
3.3
1.0

Acceptance
Criteria,
NMT (%)
0.5
2.8
0.2
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Methylphenothiazine sulfoxidec
0.81
1.0
0.5
Unidentified impurity 2
0.85
1.0
0.2
Phenothiazinoned
0.98
10.0
0.2
e
Desmethyl promethazine
0.99
1.0
0.2
Promethazine
1.0
—
—
f
—
—
Isopromethazine
1.01
Unidentified impurity 3
1.09
1.0
0.2
Unidentified impurity 4
1.16
1.0
0.2
Any unspecified impurity
—
1.0
0.2
—
—
Total promethazine impurities
5.0g
a 10H-Phenothiazine sulfoxide.
b N,N-Dimethyl-1-(10H-phenothiazin-10-yl)propan-2-amine sulfoxide.
c 10-Methyl-10H-phenothiazine sulfoxide.
d 1H-Phenothiazin-1-one.
e N-Methyl-1(10H-phenothiazin-10-yl)propan-2-amine.
f Promethazine synthetic impurity. Do not quantify.
g Includes phenothiazine and methylphenothiazine from Procedure 1.
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial limit does not exceed 102 cfu/mL. The total yeasts and molds count
does not exceed 10 cfu/mL. It meets the requirements for absence of Escherichia coli.
• pH

791 : 3.7–4.7

• Alcohol Determination, Method II
quantity of (C2 H5 OH)
• Deliverable Volume

611

(if present): 90.0%–110.0% of the labeled

698 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 11
USP Methylparaben RS
USP Phenylephrine Hydrochloride RS
USP Promethazine Hydrochloride RS
USP Propylparaben RS
USP Sodium Benzoate RS
USP37

BRIEFING
Promethazine and Phenylephrine Hydrochloride and Codeine Phosphate Oral Solution.
Because more than two years have elapsed since this article was first presented for public
comments, it is proposed to cancel the proposal that appeared on page 301 of PF 35(2)
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[Mar.–Apr. 2009] and to republish a redesigned version. The liquid chromatographic
procedure in the Assay was validated with the GL Sciences Inertsil ODS-3 brand of L1
column, in which phenylephrine elutes at about 16 min, codeine elutes at about 21 min, and
promethazine elutes at about 39 min. The liquid chromatographic procedure in Organic
Impurities, Procedure 1 was validated with the Waters Symmetry brand of L1 column, in
which promethazine elutes at about 10 min. The liquid chromatographic procedure in Organic
Impurities, Procedure 2 was validated with the GL Sciences Inertsil ODS-3 brand of L1
column, in which promethazine elutes at about 39 min.
(SM2: C. Anthony, D. Vicchio. MSA: R. Tirumalai.)
Correspondence Number—C62808

Comment deadline: January 31, 2013
Add the following:
Promethazine and Phenylephrine Hydrochloride and Codeine Phosphate Oral Solution
DEFINITION
Promethazine and Phenylephrine Hydrochloride and Codeine Phosphate Oral Solution contains
NLT 90.0% and NMT 110.0% of the labeled amount of promethazine hydrochloride
(C17 H20 N2 S·HCl), phenylephrine hydrochloride (C9 H13 NO2 ·HCl), and codeine phosphate
(C18 H21 NO3 ·H3 PO4 ·½H2 O). It may contain suitable preservatives.
IDENTIFICATION
• A. The retention times of the promethazine hydrochloride, phenylephrine hydrochloride, and
codeine phosphate peaks from the Sample solutions correspond to those from the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
At all times, protect the sample and the Standard solutions by using low-actinic glassware.
Solution A: Dissolve 2.0 g of monobasic potassium phosphate and 1.0 g of heptanesulfonic
acid sodium salt monohydrate in 950 mL of water, and carefully add 50 mL of acetonitrile.
Adjust with phosphoric acid to an apparent pH of 3.0.
Solution B: Dissolve 2.0 g of monobasic potassium phosphate and 1.0 g of heptanesulfonic
acid sodium salt monohydrate in 500 mL of water, and carefully add 500 mL of acetonitrile.
Adjust with phosphoric acid to an apparent pH of 3.0.
Mobile phase: See Table 1.
Table 1
Time
Solution A
Solution B
(min)
(%)
(%)
0
100
0
1.0
100
0
50.0
0
100
50.1
100
0
55.0
100
0
Standard stock solution A: 1.8 mg/mL of USP Promethazine Hydrochloride RS, 1.4 mg/mL
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of USP Phenylephrine Hydrochloride RS, and 2.8 mg/mL of USP Codeine Phosphate RS in
Solution A
Standard stock solution B: 1.4 mg/mL of USP Sodium Benzoate RS, 2.5 mg/mL of USP
Methylparaben RS, and 0.28 mg/mL of USP Propylparaben RS. Prepare by dissolving
appropriate quantities of USP Methylparaben RS, USP Propylparaben RS, and USP Sodium
Benzoate RS in a volume of acetonitrile equivalent to 40% of the total volume of the flask
and diluting with Solution A to volume.
Standard solution: 0.18 mg/mL of USP Promethazine Hydrochloride RS, 0.14 mg/mL of
USP Phenylephrine Hydrochloride RS, 0.28 mg/mL of USP Codeine Phosphate RS, 0.14
mg/mL of USP Sodium Benzoate RS, 0.25 mg/mL of USP Methylparaben RS, and 0.028
mg/mL of USP Propylparaben RS. Prepare by adding 5.0 mL each of Standard stock
solution A and Standard stock solution B to a 50-mL volumetric flask and diluting with
Solution A to volume.
Promethazine hydrochloride sample solution: Equivalent to 0.18 mg/mL, based on the
label claim, of promethazine hydrochloride in Solution A
Phenylephrine hydrochloride sample solution: Equivalent to 0.14 mg/mL, based on the
label claim, of phenylephrine hydrochloride in Solution A
Codeine phosphate sample solution: Equivalent to 0.28 mg/mL, based on the label claim,
of codeine phosphate in Solution A
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 15 µL
System suitability
Sample: Standard solution
[Note—The relative retention times for benzoate, methylparaben, and propylparaben are
0.59, 0.64, and 1.05, respectively.]
Suitability requirements
Resolution: NLT 4.5 between benzoate and methylparaben; NLT 1.5 between
promethazine and propylparaben
Relative standard deviation: NMT 2.0% for promethazine, phenylephrine, and codeine
Analysis
Samples: Standard solution and Promethazine hydrochloride sample solution
Calculate the percentage of the labeled amount of promethazine hydrochloride
(C17 H20 N2 S·HCl) in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= promethazine peak response from the Promethazine hydrochloride sample solution
rS= promethazine peak response from the Standard solution
C=
S concentration of USP Promethazine Hydrochloride RS in the Standard solution (mg/mL)
C=
U concentration of the Promethazine hydrochloride sample solution (mg/mL)
Samples: Standard solution and Phenylephrine hydrochloride sample solution
Calculate the percentage of the labeled amount of phenylephrine hydrochloride
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(C9 H13 NO2 ·HCl) in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100
rU= phenylephrine peak response from the Phenylephrine hydrochloride sample solution
rS= phenylephrine peak response from the Standard solution
C=
S concentration of USP Phenylephrine Hydrochloride RS in the Standard solution
(mg/mL)
C=
U concentration of the Phenylephrine hydrochloride sample solution (mg/mL)
Samples: Standard solution and Codeine phosphate sample solution
Calculate the percentage of the labeled amount of codeine phosphate
(C18 H21 NO3 ·H3 PO4 ·½H2 O) in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= codeine peak response from the Codeine phosphate sample solution
rS= codeine peak response from the Standard solution
CS= concentration of USP Codeine Phosphate RS, on the dried basis, in the Standard
solution (mg/mL)
CU= concentration of the Codeine phosphate sample solution (mg/mL)
Mr1
= molecular weight of codeine phosphate, 406.37
Mr2
= molecular weight of anhydrous codeine phosphate, 397.37
Acceptance criteria: 90.0%–110.0% for promethazine hydrochloride, phenylephrine
hydrochloride, and codeine phosphate
IMPURITIES
• Organic Impurities, Procedure 1
At all times, protect the sample and the Standard solutions by using low-actinic glassware.
Solution C: Dissolve 4.36 g of dibasic potassium phosphate in 1 L of water, add 2.0 mL of
triethylamine, and adjust with phosphoric acid to a pH of 6.4.
5 N phosphoric acid: Dilute 12 mL of phosphoric acid with water to 100 mL.
Diluent: Methanol, water, and 5 N phosphoric acid (5:95:1)
Mobile phase: Acetonitrile, methanol, and Solution C (30:20:50)
Standard solution: 3.5 µg/mL of USP Promethazine Hydrochloride RS in Diluent
Sensitivity solution: 0.18 µg/mL of USP Promethazine Hydrochloride RS in Diluent,
prepared from Standard solution. Prepare at time of use.
Sample solution: Equivalent to 175 µg/mL of promethazine hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
Run time: 2 times the retention time of promethazine, Standard solution; 6 times the
retention time of promethazine, Sample solution
System suitability
Samples: Standard solution and Sensitivity solution
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Suitability requirements
Tailing factor: NMT 1.5 for promethazine, Standard solution
Relative standard deviation: NMT 7.5% for promethazine, Standard solution
Signal-to-noise ratio: NLT 10 for promethazine, Sensitivity solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Oral Solution taken:
Result = (rU/rS) × (CS/CU) × 100/F
rU= impurity peak response from the Sample solution
rS= promethazine hydrochloride peak response from the Standard solution
C=
S concentration of USP Promethazine Hydrochloride RS in the Standard solution (µg/mL)
C=
U concentration of the Promethazine hydrochloride sample solution (µg/mL)
F= relative response factor for each impurity (see Table 2)
Acceptance criteria: See Table 2.

Name
Promethazine
Phenothiazine
Methylphenothiazinea

Table 2
Relative
Retention
Time
1.0
2.4
4.2

Relative
Response
Factor
1.0
2.0
2.0

Acceptance
Criteria,
NMT (%)
—
0.5
0.5

a 10-Methylphenothiazine.
• Organic Impurities, Procedure 2
At all times, protect the sample and the Standard solutions by using low-actinic glassware.
Solution A, Solution B, Mobile phase, Standard stock solution B, Codeine phosphate
sample solution, and Phenylephrine hydrochloride sample solution: Proceed as
directed in the Assay.
Standard stock solution A: 88 µg/mL of USP Promethazine Hydrochloride RS in Solution A
Standard solution: 8.8 µg/mL of USP Promethazine Hydrochloride RS, 140 µg/mL of USP
Sodium Benzoate RS, 250 µg/mL of USP Methylparaben RS, and 28 µg/mL of USP
Propylparaben RS. Prepare by adding 5.0 mL of Standard stock solution A and 5.0 mL of
Standard stock solution B to a 50-mL volumetric flask and diluting with Solution A to
volume.
Sensitivity solution: 0.18 µg/mL of USP Promethazine Hydrochloride RS in Solution A,
prepared from Standard stock solution A. Prepare at time of use.
Promethazine hydrochloride sample solution: Proceed as directed in the Assay. Use
this solution to determine promethazine related compounds and specified and unknown
impurities.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 280 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
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Column temperature: 40
Flow rate: 1.5 mL/min
Injection volume: 50 µL
System suitability
Sample: Standard solution and Sensitivity solution
[Note—The relative retention times for benzoate, methylparaben, and propylparaben are
0.59, 0.64, and 1.05, respectively.]
Suitability requirements
Resolution: NLT 4.5 between benzoate and methylparaben, and NLT 1.5 between
promethazine and propylparaben, Standard solution
Relative standard deviation: NMT 7.5% for promethazine, Standard solution
Signal-to-noise ratio: NLT 10 for promethazine, Sensitivity solution
Analysis
Samples: Phenylephrine hydrochloride sample solution and Standard solution
Identify the phenylephrine impurities using the relative retention times listed in Table 3.
Calculate the percentage of each phenylephrine impurity in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100/F
rU= peak response of each impurity from the Sample solution
rS= promethazine hydrochloride peak response from the Standard solution
C=
S concentration of USP Promethazine Hydrochloride RS in the Standard solution (µg/mL)
C=
U concentration of the Phenylephrine hydrochloride sample solution (µg/mL)
F= relative response factor for each impurity (see Table 3)
Samples: Standard solution and Promethazine hydrochloride sample solution
Using the data in Table 4, calculate the percentage of each promethazine impurity,
unspecified impurity, and unidentified impurity in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100/F
rU= peak response of each impurity from the Sample solution
rS= promethazine hydrochloride peak response from the Standard solution
C=
S concentration of USP Promethazine Hydrochloride RS in the Standard solution (µg/mL)
C=
U concentration of the Promethazine hydrochloride sample solution (µg/mL)
F= relative response factor for each impurity (see Table 4)
Samples: Codeine phosphate sample solution and Standard solution
Identify the codeine impurities using the relative retention times given in Table 4.
Calculate the percentage of each codeine impurity in the portion of sample taken:
Result = (rU/rS) × (CS/CU) × 100/F
rU= peak response of each impurity from the Sample solution
rS= promethazine hydrochloride peak response from the Standard solution
C=
S concentration of USP Promethazine Hydrochloride RS in the Standard solution (µg/mL)
C=
U concentration of the Codeine phosphate sample solution (µg/mL)
F= relative response factor for each codeine impurity (see Table 4)
Acceptance criteria: See Table 3 and Table 4.
Table 3
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Relative
Retention
Time
0.32
0.33
0.34
0.37
0.38
0.40
0.42
0.43

Relative
Response
Factor
1.4
1.4
1.4
1.4
1.4
—
1.4
1.4

Acceptance
Criteria,
NMT (%)
0.6
0.5
2.6
3.5
3.5
—
0.2
0.5

Table 4
Relative
Retention
Source
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)

Name
Unidentified impurity 1
Unidentified impurity 2
3-Hydroxyindole dionea
Norphenylephrineb
7-Hydroxyindole trionec
Phenylephrine
Unidentified impurity 3
Unidentified impurity 4
4-Hydroxyindole trione and pyrocatecholyl
phenylephrined
0.44
1.4
0.6
Unidentified impurity 5
0.45
1.4
0.5
Unidentified impurity 6
0.46
1.4
0.5
e
Benzyl phenylephrine
0.69
1.0
0.5
f
Benzyladrianone
—
—
0.73
Promethazine
1.0
—
—
Any other unspecified impurity
—
1.0
0.2
Total phenylephrine impurities
—
—
10.0
a 3-Hydroxy-1-methyl-2,3-dihydro-1H-indole-5,6-dione.
b (R)-3-(2-Amino-1-hydroxyethyl)phenol.
c 7-Hydroxy-1-methyl-1H-indole-3,5,6(2H)-trione.
d 4-Hydroxy-1-methyl-1H-indole-3,5,6(2H)-trione, and two 3-{[2-hydroxy-2-(3hydroxyphenyl)ethyl](methyl)amino}benzene-1,2-diol isomers.
e (R)-3-{2-[Benzyl(methyl)amino]-1-hydroxyethyl}phenol.
f Phenylephrine synthetic impurity. Do not quantify.

Name
Codeine N-oxidea
Norcodeineb
Codeine
Codeinonec
Codeine methyl etherd
Total codeine impurities
Phenothiazine sulfoxidee
Promethazine sulfoxidef
Unidentified impurity 1
Methylphenothiazine
sulfoxideg

Codeine
Codeine
—
Codeine
Codeine
Codeine
Promethazine
Promethazine
Promethazine

0.52
0.53
0.54
0.61
0.67
—
0.71
0.72
0.77

0.83
0.83
—
0.63
—
—
1.0
3.3
1.0

0.2
0.2
—
0.3
—
1.0
0.5
2.8
0.2

Promethazine

0.81

1.0

0.5
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Unidentified impurity 2
Phenothiazinoneh
Desmethyl promethazinei
Promethazine
Isopromethazinej
Unidentified impurity 3
Unidentified impurity 4
Any unspecified impurity
Total promethazine impurities

Promethazine
Promethazine
Promethazine
Promethazine
Promethazine
Promethazine
Promethazine
—
Promethazine
Codeine,
Promethazine,
and
Phenylephrine

0.85
0.98
0.99
1.0
1.01
1.09
1.16
—
—

1.0
10.0
1.0
—
—
1.0
1.0
1.0
—

—

—

0.2
0.2
0.2
—
—
0.2
0.2
0.2
5.0k

Total impurities
17.0
a Morphinan-6-ol, 7-8-didehydro-4,5-epoxy-3-methoxy-17-methyl,17-oxide-(5 ,6 ).
b Morphinan-6-ol, 7,8-didehydro-4,5-epoxy-3-methoxy-(5 ,6 ).
c Morphinan-6-one, 7-8-didehydro-4,5-epoxy-3-methoxy-17-methyl-(5 ).
d Codeine synthetic impurity. Do not quantitate.
e 10H-Phenothiazine sulfoxide.
f N,N-Dimethyl-1(10H-phenothiazin-10-yl)propan-2-amine sulfoxide.
g 10-Methyl-10H-phenothiazine sulfoxide.
h 1H-Phenothiazin-1-one.
i N-Methyl-1(10H-phenothiazin-10-yl)propan-2-amine.
j Promethazine synthetic impurity. Do not quantify.
k Includes phenothiazine and methylphenothiazine from Procedure 1.
SPECIFIC TESTS
• Microbial Enumeration Tests 61 and Tests for Specified Microorganisms 62 : The
total aerobic microbial count does not exceed 102 cfu/mL. The total yeasts and molds
count does not exceed 101 cfu/mL. It meets the requirements of the test for absence of
Escherichia coli.
• pH

791 : 3.7–4.7

• Alcohol Determination, Method II
amount of C2 H5 OH
• Deliverable Volume

611 (if present): 90.0%–110.0% of the labeled

698 : Meets the requirements

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light-resistant containers, and store at
controlled room temperature.
• USP Reference Standards 11
USP Codeine Phosphate RS
USP Methylparaben RS
USP Phenylephrine Hydrochloride RS
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USP Promethazine Hydrochloride RS
USP Propylparaben RS
USP Sodium Benzoate RS
USP37

BRIEFING
Pyrantel Tartrate. Because there is no existing USP monograph for this drug substance, a new
monograph, based on validated methods of analysis, is proposed. The liquid chromatographic
procedures used in the Assay and in the test for Organic Impurities are based on analyses
performed with a Whatman Partisil S Silica brand of L3 column. The typical retention time for
pyrantel is about 8.7 min.
(SM3: M. Puderbaugh.)
Correspondence Number—C95394

Comment deadline: January 31, 2013
Add the following:
Pyrantel Tartrate

C11 H14 N2 S·C4 H6 O6

356.39

Pyrimidine, 1,4,5,6-tetrahydro-1-methyl-2-[2-(2-thienyl)ethenyl]-, (E)-, [R-(R*,R*)]-2,3dihydroxybutanedioate (1:1);
(E)-1,4,5,6-Tetrahydro-1-methyl-2-[2-(2-thienyl)vinyl]pyrimidine tartrate (1:1)
[33401-944].
DEFINITION
Pyrantel Tartrate contains NLT 98.0% and NMT 102.0% of pyrantel tartrate
(C11 H14 N2 S·C4 H6 O6 ), calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Tartrate 191
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
[Note—Protect all solutions containing Pyrantel Tartrate from light.]
Mobile phase: Acetonitrile, glacial acetic acid, diethylamine, and water (94: 2.5: 1: 2.5)
Standard solution: 0.42 mg/mL of USP Pyrantel Tartrate RS in Mobile phase
Sample solution: 0.42 mg/mL of Pyrantel Tartrate in Mobile phase
Chromatographic system
(See Chromatography
Mode: LC

621 , System Suitability.)
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Detector: UV 316 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Flow rate: 1 mL/min
Injection volume: 5 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of pyrantel tartrate (C11 H14 N2 S·C4 H6 O6 ) in the portion of
Pyrantel Tartrate taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Pyrantel Tartrate RS in the Standard solution (mg/mL)
C=
U concentration of pyrantel tartrate in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Organic Impurities
[Note—Protect all solutions containing Pyrantel Tartrate from light.]
Mobile phase, Standard solution, and Sample solution: Proceed as directed in the
Assay.
System suitability solution: Expose a portion of the Standard solution to shortwavelength UV light for 30 min (pyrantel tartrate undergoes partial degradation to cispyrantel). A degradation level to at least 0.3% of cis-pyrantel must be obtained, as
shown by the apperance of a corresponding peak in the chromatogram. If it is not
obtained, again expose the solution to short-wavelength UV light.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 236 and 316 nm
Column: 4.6-mm × 25-cm; 5-µm packing L3
Flow rate: 1 mL/min
Run time: 2.5 times the retention time of pyrantel
Injection volume: 100 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for pyrantel and cis-pyrantel are 1.0 and 1.2,
respectively.]
Suitability requirements
System suitability requirements must be met at both 236 and 316 nm.
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Resolution: NLT 1.5 between pyrantel and cis-pyrantel, System suitability solution
Tailing factor: NMT 1.5, Standard solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Sample: Sample solution
Calculate the percentage of each impurity detected at 236 nm in the portion of Pyrantel
Tartrate taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity detected at 236 nm from the Sample solution
r=
T sum of all the peak responses detected at 236 nm from the Sample solution
Calculate the percentage of each impurity detected at 316 nm in the portion of Pyrantel
Tartrate taken:
Result = (rU/rT) × 100
r=
U peak response of each individual impurity detected at 316 nm from the Sample solution
r=
T sum of all the peak responses detected at 316 nm from the Sample solution
Acceptance criteria
Any individual impurity: NMT 0.2% of any individual impurity detected at 236 nm, and
NMT 0.2% of any individual impurity detected at 316 nm
Total impurities: NMT 1.0% of total impurities detected at 236 nm, and NMT 1.0% of
total impurities detected at 316 nm
SPECIFIC TESTS
• pH 791
Sample solution: 10.0 mg/mL in carbon dioxide-free water
Acceptance criteria: 3.3–3.7
• Loss on Drying 731
Analysis: Dry a sample at 105 for 4 h.
Acceptance criteria: NMT 1.0%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers protected from light, and store
at room temperature.
• Labeling: Label it to indicate that it is for veterinary use only.
• USP Reference Standards
USP Pyrantel Tartrate RS

11

USP37

BRIEFING
Ropinirole Hydrochloride, USP 35 page 4586. The test for Organic Impurities that appeared in
PF 36(1) [Jan.–Feb. 2010] page 133 was not adopted into USP due to comments received.
After reviewing the comments, the Monographs Development—Small Molecules 4 Expert
Committee recommended that the proposal be published again with the addition of a third
procedure for Organic Impurities. The proposed revision includes three different procedures
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for Organic Impurities to monitor the impurity profiles from three different manufacturing
processes using the flexible monograph approach.
1.
Organic Impurities, Procedure 1 is based on analyses performed with a Hypersil BDS C8
brand of L7 column manufactured by Thermo Scientific. The typical retention times
for ropinirole related compound B and ropinirole are 19.5 and 20.4 min, respectively.
2.
Organic Impurities, Procedure 2 is based on the analyses performed with a Kromasil C8
brand of L7 column manufactured by Kromasil. The typical retention times for
ropinirole related compound A, ropinirole related compound B, and ropinirole are 12,
15, and 17 min, respectively.
3.
Organic Impurities, Procedure 3 is based on the analyses performed with a XTerra MS
C18 brand of L1 column manufactured by Waters Corporation. The typical retention
times for ropinirole and ropinirole related compound B are 10 and 12 min,
respectively.
(SM4: R. Ravichandran.)
Correspondence Number—C90702

Comment deadline: January 31, 2013
Ropinirole Hydrochloride

C16 H24 N2 O·HCl

296.84

2H-Indol-2-one, 4-[2-(dipropylamino)ethyl]-1,3-dihydro-, monohydrochloride;
4-[2-(Dipropylamino)ethyl]-2-indolinone monohydrochloride
[91374-20-8].
DEFINITION
Ropinirole Hydrochloride contains NLT 98.0% and NMT 102.0% of ropinirole hydrochloride
(C16 H24 N2 O·HCl), calculated on the anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197K
Change to read:
• B. The retention time of the ropinirole hydrochloride
major USP37
peak of the Sample solution corresponds to that of the Standard solution, as obtained in the
Assay.
• C. Identification Test—General, Chloride 191
Sample: 20 mg/mL
Acceptance criteria: Meets the requirements
for the silver nitrate precipitate test USP37
ASSAY
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• Procedure
Buffer: 1.88 g of sodium 1-hexanesulfonate and 1 g of phosphoric acid in 1 L of water.
Adjust with dilute triethylamine solution (1 mL/10 mL) to a pH of 6.5.
Diluent: Acetonitrile and water (20:80)
Mobile phase: Acetonitrile and Buffer (20:80)
Standard solution: 0.1 mg/mL of USP Ropinirole Hydrochloride RS in Diluent. Sonication
may be used to aid dissolution.
Sample solution: 0.1 mg/mL of Ropinirole Hydrochloride in Diluent. Sonication may be used
to aid dissolution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1.0 mL/min
Injection volume: 10 µL
Run time: 2.5 times the retention time of ropinirole
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.6
Relative standard deviation: NMT 1.5%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ropinirole hydrochloride (C16 H24 N2 O·HCl) in the portion of
Ropinirole Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.1%
• Heavy Metals, Method II 231 : NMT 10 ppm
• Limit of Pd
[Note—Perform this test if Pd is a known inorganic impurity.]
Solution A: Dissolve 2.4 g of sodium hydroxide in 20 mL of water, and dilute with glycerol
to 100 mL.
Solution B: 40 mg/mL of thioacetamide in water. [Note—The solution may be filtered if
necessary.]
Buffer: Carefully add 27 mL of hydrochloric acid to 25 g of ammonium acetate, and dilute

PF 38(6): Nov.-Dec. 2012

530

with water to 100 mL.
Pd standard solution: 10 ppm of Pd from commercially available ICP grade 1000 ppm Pd
stock solution
Standard solution: Pipet 1.0 mL of Pd standard solution into a platinum crucible, and
gently evaporate to dryness. Moisten the residue with 0.5 mL of sulfuric acid, and heat
with a Bunsen burner until fumes are no longer emitted. Place the crucible in a muffle
furnace at 700 , and heat for 5 additional min. Cool, add 5 mL of hydrochloric acid to the
residue, and evaporate to dryness. Add 1 mL of 2 M hydrochloric acid and, if necessary,
dissolve the residue with gentle heating. When cool, transfer the contents to a 50-mL
beaker. Wash the crucible twice with 1-mL aliquots of water, and add the washings to the
beaker. Pass the solution through a membrane filter of 2-µm pore size into a centrifuge
tube.
Sample solution: Transfer 1 g of Ropinirole Hydrochloride to a platinum crucible, and heat
over a Bunsen burner until the material is completely carbonized. Moisten the contents
with 0.5 mL of sulfuric acid, and heat over a Bunsen burner until fumes are no longer
emitted. Place the crucible in a muffle furnace at 700 , and heat until all the organic
material has been destroyed. When cool, add 5 mL of hydrochloric acid to the residue and
evaporate to dryness. Add 1 mL of 2 M hydrochloric acid and, if necessary, dissolve the
residue with gentle heating. When cool, transfer the contents to a 50-mL beaker. Wash
the crucible twice with 1-mL aliquots of water, and add the washings to the beaker. Pass
the solution through a membrane filter of 2-µm pore size into a centrifuge tube.
Analysis: To the filtered Standard solution and Sample solution add 1 mL of Solution A, 0.2
mL of Solution B, and 2 mL of Buffer. Cap the centrifuge tubes securely, and incubate at
37 for 2 h. Pass the Sample solution and Standard solution through a membrane filter of
2-µm pore size, wash the membrane with 2-mL aliquots of water, and allow the membrane
to dry.
Acceptance criteria: The intensity of the spot due to the sample is not more intense than
the spot due to the standard (10 ppm).
Add the following:
• Organic Impurities, Procedure 1
If methylene ropinirole and propylidene ropinirole are known process impurities, Organic
Impurities, Procedure 2 is recommended. If ropinirole indole derivative and ropinirole oxime
are known process impurities, Organic Impurities, Procedure 3 is recommended.
Buffer and Diluent: Proceed as directed in the Assay.
Solution A: Acetonitrile and Buffer (15:85)
Solution B: Acetonitrile and water (60:40)
Mobile phase: See Table 1.
Table 1
Time
Solution A Solution B
(min)
(%)
(%)
0
100
0
5
100
0
30
60
40
50
60
40
55
100
0
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65
100
0
System suitability solution: 1 mg/mL of USP Ropinirole Hydrochloride RS and 1.5 µg/mL of
USP Ropinirole Related Compound B RS in Diluent
Sample solution: 1 mg/mL of Ropinirole Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 30
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 1.5 between ropinirole and ropinirole related compound B
Tailing factor: NLT 2.0 for the ropinirole peak
Relative standard deviation: NMT 2.0% for the ropinirole peak
Analysis
Sample: Sample solution
Calculate the percentage of any individual impurity in the portion of Ropinirole
Hydrochloride taken:
Result = (rU/rT) × (1/F) × 100
r=
U peak response for each individual impurity from the Sample solution
r=
T sum of responses for all peaks from the Sample solution
F= relative response factor (see Table 2)
Acceptance criteria: See Table 2.

Name
Open ring nitro derivativea
Monopropyl ropiniroleb
N-hydroxyropinirolec
Ropinirole related compound B
Ropinirole
Any individual unknown impurity
Total Impuritiesd
a
b
c
d

Table 2
Relative
Retention
Time
0.39
0.58
0.84
0.97
1.0
—
—

Relative
Acceptance
Response
Criteria,
Factor
NMT (%)
0.72
1.1
0.65
0.66
—
1.0
—

2-{2-[2-(Dipropylamino)ethyl]-6-nitrophenyl}acetic acid.
4-[2-(Propylamino)ethyl]indolin-2-one.
4-[2-(Dipropylamino)ethyl]-1-hydroxyindolin-2-one.
Includes impurities greater than or equal to 0.05%.

0.15
0.15
0.15
0.15
—
0.10
1.0
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USP37

Add the following:
• Organic Impurities, Procedure 2
Solution A: 3.85 g/L of ammonium acetate. Adjust with phosphoric acid to a pH of 2.5.
Solution B: Acetonitrile and methanol (70:30)
Diluent: Solution A and Solution B (84:16)
Mobile phase: See Table 3.
Table 3
Time
Solution A Solution B
(min)
(%)
(%)
0
84
16
16
84
16
36
20
80
37
84
16
51
84
16
System suitability solution: 0.05 mg/mL each of USP Ropinirole Hydrochloride RS, USP
Ropinirole Related Compound A RS, and USP Ropinirole Related Compound B RS in Diluent
Standard solution: 3 µg/mL of USP Ropinirole Related Compound B RS in Diluent
Sample solution: 1 mg/mL of Ropinirole Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 250 nm
Column: 4.6-mm × 25-cm; 5-µm packing L7
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 2.0 between ropinirole related compound A and ropinirole related
compound B; NLT 3.0 between ropinirole related compound B and ropinirole, System
suitability solution
Tailing factor: NMT 1.5 for ropinirole, System suitability solution
Relative standard deviation: NMT 5.0% for the ropinirole related compound B peak,
Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of ropinirole related compound B in the portion of Ropinirole
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response for ropinirole related compound B from the Sample solution
rS= peak responses of USP Ropinirole Related Compound B RS from the Standard solution
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C=
S concentration of USP Ropinirole Related Compound B RS in the Standard solution
(mg/mL)
C=
U concentration of the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Ropinirole
Hydrochloride taken:
Result = (rU/rT) × 100
r=
U peak response for each individual impurity from the Sample solution
r=
T sum of the responses for all peaks from the Sample solution
Acceptance criteria: See Table 4.
Table 4

Name

Relative
Retention
Time

Acceptance
Criteria,
NMT (%)

Monopropyl ropinirolea
0.37
0.2
Ropinirole related compound Ab
—
0.70
Ropinirole related compound B
0.85
0.3
Ropinirole
1.0
—
c
Methylene ropinirole
1.39
0.2
d
Ropinirole isohexyl analog
1.64
0.3
Propylidene ropinirolee
1.70
0.2
Any individual unspecified impurity
—
0.10
Total impurities
—
1.0
a 4-[2-(Propylamino)ethyl]indolin-2-one.
b Only used for system suitability and peak identification. This impurity is not to be
reported and not to be included in total impurities
c 4-[2-(Dipropylamino)ethyl]-3-methyleneindolin-2-one.
d 4-[2-(2-Methylpentylamino)ethyl]indolin-2-one.
e (Z)-4-[2-(Dipropylamino)ethyl]-3-propylideneindolin-2-one.
USP37

Add the following:
• Organic Impurities, Procedure 3
Solution A: Dissolve 3.95 g of ammonium bicarbonate in 990 mL of water. Add 4 mL of 25%
ammonia, and dilute with water to 1000 mL. The pH is 9.2–9.3.
Solution B: Acetonitrile
Diluent: Acetonitrile and water (32:68)
Mobile phase: See Table 5.
Table 5
Time
Solution A Solution B
(min)
(%)
(%)
0
68
32
12
68
32
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28
20
80
34
20
80
34.1
68
32
40
68
32
System suitability solution: 1 mg/mL of USP Ropinirole Hydrochloride RS and 0.01 mg/mL
of USP Ropinirole Related Compound B RS in Diluent
Standard solution: 1.2 µg/mL of USP Ropinirole Hydrochloride RS in Diluent
Sample solution: 1.2 mg/mL of Ropinirole Hydrochloride in Diluent
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 220 nm
Column: 3.9-mm × 15-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between ropinirole and ropinirole related compound B, System
suitability solution
Tailing factor: 0.8–1.5 for ropinirole, Standard solution
Relative standard deviation: NMT 5.0% for ropinirole, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual impurity in the portion of Ropinirole
Hydrochloride taken:
Result = (rU/rS) × (CS/CU) × (1/F) 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the Standard solution (mg/mL)
C=
U concentration of the Sample solution (mg/mL)
F= relative response factor (see Table 6)
Acceptance criteria: See Table 6.

Name
Ropinirole oximea
Ropinirole
Ropinirole related compound B
Ropinirole indole derivative b
Any individual unspecified impurity
Total impurities

Table 6
Relative
Retention
Time
0.69
1.0
1.2
2.0
—
—

Relative
Acceptance
response
Criteria,
factor
NMT (%)
1.0
—
1.0
4.0
—
—

0.15
—
0.15
0.10
0.10
0.50
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a 4-[2-(Dipropylamino)ethyl]-3-(hydroxyimino)indolin-2-one.
b N,N-Dipropyl-N-(2-indol-4-ylethyl)amine.
USP37

SPECIFIC TESTS
• Water Determination, Method Ic

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers, and store at room temperature.
Add the following:
• Labeling: The label states with which Organic Impurities procedure the article complies if
Organic Impurities, Procedure 1 is not used. USP37
Change to read:
• USP Reference Standards 11
USP Ropinirole Hydrochloride RS
USP Ropinirole Related Compound A RS
4-(2-Hydroxyethyl)indolin-2-one.
C10 H11 NO2
177.20
USP Ropinirole Related Compound B RS
4-[2-(Dipropylamino)ethyl]indoline-2,3-dione
hydrochloride. USP37
C16 H22 N2 O2
· HCl USP37
274.36
310.82 USP37
BRIEFING
Scaffold Bovine Dermis. USP 35 page 2381. On the basis of new product forms, it is proposed
to make the following revisions: (1) change of the previous title, Bovine Acellular Dermal
Matrix, to Scaffold Bovine Dermis to align with the current naming scheme for tissue-based
product monographs, (2) deletion of clinical information unrelated to the product definition,
and (3) inclusion of the section Content of Silver, a test for ionic silver, which is present in
forms of the product to which silver nitrate is added as an agent for microbial protection.
(BB2: F. Atouf.)
Correspondence Number—C46522

Comment deadline: January 31, 2013
Change to read:
Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis USP37
DEFINITION
Change to read:
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Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis USP37
is a remodelable collagen scaffold derived from fetal or neonatal bovine skin. It is presented to
the physician as a flat white sheet that is cut to size and hydrated in room-temperature sterile
saline solution before implantation. It is utilized as a structural scaffold in orthopedic,
neurosurgical, urogynecological, dermatological, plastic, and other reconstructive procedures to
contribute to the repair, reinforcement, and generation of tissue.
USP37

The sterile material is surgically secured, onlayed, and/or packed into deficient soft tissues
such as skin, tendon, muscle, and dura mater.
In order to provide antimicrobial protection of the Scaffold Bovine Dermis, silver nitrate
solution may be added to the Scaffold Bovine Dermis, resulting in ionic silver as a component.
USP37

The source fetal or neonatal bovine skin is mechanically and chemically processed to isolate the
dermis and remove cells and cellular components. To prevent the transmission of infectious
disease, the manufacturing process has been validated to inactivate viruses potentially present
in the source material. To prevent the spread of transmissible spongiform encephalopathies, the
source material is acquired from appropriate geographic locations in accordance with relevant
guidelines subject to governmental oversight. The product is inspected and tested to ensure
that the product meets specifications.
SPECIFIC TESTS
Change to read:
• Histological Evaluation
Solutions
1% Acidified alcohol solution: To 99 mL of 70% ethyl alcohol add 1 mL of hydrochloric
acid (37.5%).
Potassium alum solution: Dissolve 100 g of potassium alum in 1000 mL of distilled water
with the aid of heat and a magnetic stirrer.
Hematoxylin–alcohol solution: Dissolve 5 g of hematoxylin (see Reagents, Indicators,
and Solutions, Reagent Specifications) in 50 mL of 100% ethyl alcohol at room
temperature.
Hematoxylin solution: Slowly combine the 1000 mL of the Potassium alum solution with
the 50 mL of the Hematoxylin–alcohol solution. Bring to a boil as rapidly as possible.
Remove from heat, and slowly add 2.5 g of mercuric oxide. Return the solution to heat
until it becomes dark purple, remove from heat, and cool in a sink of cold water.
Eosin solution: Dissolve 1.0 g of eosin Y, water soluble, in 100 mL of distilled water.
Dissolve 1.0 g of phloxine B in 100.0 mL of distilled water. Combine 100 mL of eosin Y
solution with 10 mL of phloxine B solution, 780 mL of 95% ethyl alcohol, and 4.0 mL of
glacial acetic acid. [Note—Filter daily before use.]
Bluing agent: Dissolve 1.54 g of lithium carbonate in 100 mL of distilled water.
10% Neutral buffered formalin: To 6.5 g of dibasic sodium phosphate (anhydrous) and
4.0 g of monobasic sodium phosphate, add 900 mL of distilled water and 100 mL of
formaldehyde (37%––40%).
Sample preparation and staining: Remove a sample of finished product with an 8.0-mm
biopsy punch. Place the sample in a labeled tissue cassette, and fix for 24 hours in 10%
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Neutral buffered formalin. Dehydrate the sample in sequential soaks of the following: 70%
ethyl alcohol (45 minutes), 80% ethyl alcohol (45 minutes), 95% ethyl alcohol (90
minutes), 100% ethyl alcohol (180 minutes), and xylene (90 minutes). Embed the sample
in melted paraffin, cool, and cut 5-µm thick sections with a microtome. Collect sections on
microscope slides. Deparaffinize the slide with xylene and hydrate with distilled water.
Stain in Hematoxylin solution for 6 to 15 minutes. Wash in running tap water for 2 to 5
minutes. Stain in Eosin solution for 1 to 2 minutes. Wash in running tap water for 2 to 5
minutes. Dip two times in 1% Acid alcohol. Wash briefly in tap water. Place in Bluing agent
until the sections are bright blue. Wash in running tap water for 10 minutes. Place in 80%
ethyl alcohol for 1 to 2 minutes. Dehydrate and clear through two changes each of 95%
ethyl alcohol, 100% ethyl alcohol, and xylene, 2 minutes each. Affix a coverslip over the
tissue using an appropriate resinous mounting media. The nuclei stains blue, the cytoplasm
stains from pink to red, and the collagen fibers stain from pink to red.
Remove a sample of the finished product with an 8.0-mm biopsy punch. Place the sample
in a labeled tissue cassette, and fix for 24 h in 10% Neutral buffered formalin. Dehydrate
the sample in sequential soaks of the following: 70% ethyl alcohol (45 min), 80% ethyl
alcohol (45 min), 95% ethyl alcohol (90 min), 100% ethyl alcohol (180 min), and xylene
(90 min). Embed the sample in melted paraffin, cool, and cut 5-µm-thick sections with a
microtome. Collect sections on microscope slides. Deparaffinize the slides with xylene, and
hydrate with distilled water. Stain in Hematoxylin solution for 6–15 min. Wash in running
tap water for 2–5 min. Dip two times in 1% Acidified alcohol solution. Wash briefly in tap
water. Place in Bluing agent until the sections are bright blue. Wash in running tap water
for 10 min. Place in 80% ethyl alcohol for 1–2 min. Dehydrate, and clear through two
changes each of 95% ethyl alcohol, 100% ethyl alcohol, and xylene, 2 min each. Affix a
coverslip over the tissue, using an appropriate resinous mounting medium. The nuclei stain
blue, the cytoplasm stains from pink to red, and the collagen fibers stain from pink to red.
USP37

Microscopic and morphological characteristics: The collagen fibers of the Bovine
Acellular Dermal Matrix
Scaffold Bovine Dermis USP37
stain pink-red, and no evidence of cell nuclei or cytoplasm is apparent in prepared
histological sections, as shown in the USP Bovine Acellular Dermal Matrix Reference
Photomicrographs,1 of products with acceptable histological appearance.
Change to read:
• Protein Determination
Use the Kjeldahl nitrogen (protein) determination method to calculate the percent protein
of the final product, as directed in Nitrogen Determination 461 , with the following
specifics. Suitable equipment and procedures are readily available.2
Digestion: Prepare a rack of 15–20 Kjeldahl digestion tubes. In each, place 2.0–2.2 g of
the final product, 0.2 ± 0.05 g of ammonium sulfate, a metallic catalyst tablet,3 and
boiling chips.4 Prepare a blank tube with catalyst tablets and boiling chips (reagent blank).
To each tube add 15 mL of concentrated sulfuric acid, and then, very slowly, 3 mL of
hydrogen peroxide (30%–35%). Place the digestion tubes on a digestion block, and heat
to 410 . Digest for 60 ± 5 min. The mixture in the tubes should be a clear green.
Distillation: Add excess base (50% sodium hydroxide). Generally, for each 5 mL of
concentrated sulfuric acid used in the digestion, 20 mL of 40% (w/w) sodium hydroxide is
required to make the digest strongly alkaline (pH >11). Mix each tube, and let cool to
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room temperature. Distill each tube to collect approximately 125 mL of total distillate in a
flask containing 25 mL of 4% boric acid. A reagent blank is run with each set.
Titration: Titrate the collected distillate with 0.2 N standardized
USP37

sulfuric acid to a neutral gray color endpoint. Record the volume of sulfuric acid used.
Calculation: Calculate the percentage of protein:
Result = [(mL of sulfuric acid

mL of blank) × N of sulfuric acid × A × B]/weight of sample
(g)

A= milliequivalent weight N × 100 (%), 1.4007
B= protein factor for meat, 6.25
Acceptance criteria: The percentage of protein in 2.0–2.2 g of the Bovine Acellular Dermal
Matrix
Scaffold Bovine Dermis USP37
sample is between 90.0% and 95.0%.
Change to read:
• Lipid Analysis
Analysis: A standard Soxhlet extraction apparatus is required. Dry flasks in an
oven/desiccator and weigh, recording the weight to the nearest 0.0001 g. Grind or cut
into small pieces 3.0–4.0 g of test material, and place into a thimble. Record the weight of
the test material to the nearest 0.0001 g. Place the thimble of material and 80–90 mL of
petroleum ether into an extraction flask, and place into the Soxhlet extraction tube. Reflux
for 4 h. Collect all the ether into the flask, and evaporate. Weigh the flask, recording the
weight to the nearest 0.0001 g. For the weight of lipid, subtract the weight of the clean
flask from the final weight of the flask. Calculate the percentage of lipid on the basis of
the weight of the starting material.
Acceptance criteria: The percentage of lipid in 3.0–4.0 g of the Bovine Acellular Dermal
Matrix
Scaffold Bovine Dermis USP37
sample is between 0% and 1.5%.
Change to read:
• Loss on Drying 731 : Calculate the moisture content, with the following specifics. Mince
approximately 5.0 g of Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis, USP37
and place it into an aluminum dish. Dry the sample in an air oven for 16–18 h at 100 –102 .
Calculate the percentage of moisture in the sample taken:
Dry matter % = [(weight of dried sample + pan (g)
Moisture % = 100

weight of pan (g))/g of sample] × 100

dry matter %

Acceptance criteria: The moisture loss is NLT 10.0% and NMT 12.0% of the original
sample weight.
• Ash Determination
Analysis: Place a sample of the final product, about 5.0 g, in a kiln-dried porcelain crucible.
Record the weight to the nearest 0.0001 g. Place the crucible containing the sample into
an oven at 125 for 2–4 h. Then place the crucible containing the sample into a cool
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muffle furnace. Heat the furnace to 350 , and maintain the temperature until smoking
ceases (generally about 20 min). Heat the furnace to 550 . Maintain the temperature for
2 h. Cool the crucible in a dessicator. Weigh the crucible, and record the weight to the
nearest 0.0001 g. Calculate the percentage of ash:
Result = [(weight of crucible + residue (g)

weight of crucible (g))/g of sample] × 100

Acceptance criteria: The percentage of ash is between 0% and 0.3%.
• Carbohydrate Content
Calculate the percentage of carbohydrates:
Carbohydrate % = 100% – (protein % + lipid % + moisture % + ash %)
Acceptance criteria: The percentage of carbohydrates is equal to or less than 0.0%.
Because this is a calculated value, influenced by the error inherent in the test methods
above (Protein Determination, Lipid Analysis, Moisture Content, and Ash Determination), a
calculated value less than 0.0% is acceptable.
Change to read:
• Gel Electrophoresis Use the electrophoresis determination method as directed under
Biotechnology Derived Articles—Polyacrylamide Gel Electrophoresis

1056

USP37

Solutions
Collagen extraction solution: Prepare a 0.5 M acetic acid solution containing 2 mM of
ethylenediaminetetraacetic acid (EDTA).
2X Tris-glycine sample buffer: Prepare a 2X solution containing 63 mM Tris-HCl pH 6.8,
10% glycerol, 2% sodium dodecyl sulfate (SDS), 0.05% 2-mercaptoethanol, and 0.25%
bromophenol blue.5
1X
Tris-glycine USP37
sample buffer: Prepare a solution containing a mixture of 2X Tris-glycine sample buffer
and water (1:1).
SDS-PAGE running buffer: Prepare a solution containing 25 mM of Tris pH 8.3, 192 mM
of glycine, and 0.1% of SDS.6
Polyacrylamide gel: Prepare a Tris-HCl polyacrylamide gel with a 4%–20% gradient.7
Molecular weight marker: Use a suitable molecular weight marker containing protein
bands between 10 and 250 kilodaltons (kDa).
Staining solution: Prepare a solution containing 0.25% (w/v) Coomassie brilliant blue R250 (see Reagents, Indicators, and Solutions, Reagent Specifications) in 10% acetic
acid and 10% n-propanol.
Destain solution: Prepare a mixture of water, acetic acid, and n-propanol (8:1:1).
Collagen preparations: Mince 0.5 g of Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis USP37
final product. Weigh a sample of minced Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis, USP37
and add to a volume of Collagen extraction solution to obtain a concentration of 5 mg/mL
(dry weight of Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis). USP37
Extract on a rocking platform at room temperature for 72 h.
Analysis: Dilute acid-extracted collagen samples in 2X Tris-glycine sample buffer to a
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concentration of 0.5 mg/mL, and incubate for 5 min at 100 . Load the Polyacrylamide gel
in the electrophoresis apparatus, and add SDS-PAGE running buffer to the top and bottom
reservoirs. Load 10 µL of Molecular weight marker in the first well of the Polyacrylamide
gel and 10 µL of 1X
Tris-glycine USP37
sample buffer in the second well. Load 10 µL (5 µg) of each Collagen preparation into
subsequent gel wells. Attach the cathode and anode to the appropriate terminals, and
apply 110 V to the gel. Run the gel until the bromophenol blue reaches the bottom of the
gel. Remove the gel from the electrophoresis apparatus, and place it in a tray containing
enough Staining solution to cover the gel. Incubate the gel for 3 h on a rocker at room
temperature. Completely remove the Staining solution from the tray, cover the gel with
Destain solution, and slowly rock the gel for 20 min. Remove the Destain solution, and
repeat the destaining procedure three times. Inspect the gel for bands that have migrated
from the origin.
System suitability: All Molecular weight marker bands between 20 and 200 kDa are
present. The lane containing 1X
Tris-glycine USP37
sample buffer does not contain any bands.
Data analysis: Where a protein band appears in the gel, the molecular weight of this
protein is determined by comparing the position of the band to that of the known
Molecular weight marker.
Specificity and acceptance criteria: The lanes of the Polyacrylamide gel that correspond
to Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis USP37
show four major protein bands. Two bands, when compared to the Molecular weight
marker, appear at 96 and 94 kDa. These two bands correspond to the monomeric alpha 1
and alpha 2 chains of collagen Type I, respectively. Another two bands appear close
together at 200 kDa, which correspond to alpha 1 and alpha 1/alpha 2 collagen dimers.
• Tensile Strength
Procedure: Cut test specimens 5-mm wide × 50-mm long from representative pieces from
final product lots. Measure the thickness of the specimens. Test the specimens with a
commercially available material test system.8 Mount and align each specimen, gripping 1
cm of the test specimen on both ends to ensure a test specimen gauge length of 3 cm.
Pull the grips apart at 30 mm/min while concurrently measuring the force exerted on the
specimen. Record the maximum force (N) measured during the test.
Calculate the tensile strength:
Tensile strength (N/mm2) = maximum force (N)/5 (mm) × thickness (mm)
Acceptance criteria: The measured tensile strength for each lot is NLT 5 N/mm2.
Change to read:
• Suture Retention Force
Analysis: Cut representative 1-cm × 1-cm test specimens from final product lots. Using an
appropriate suture material (e.g., 40 polypropylene suture), thread the suture 3 mm from
the edge of the sample in the center, and pull through. Clamp approximately 5 mm of the
opposite, unsutured end of the test specimen in the upper pneumatic grip of a
commercially available material test system.9 The suture tails are hanging freely. Clamp
the suture tails to the lower grip. Pull the grips apart at 20 mm/min while concurrently
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measuring the force exerted. Record the maximum force (N) measured.
Acceptance criteria: The suture retention force measured for each lot is NLT 5N for a 1cm × 1-cm test sample of Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis. USP37
Change to read:
• Thermal Analysis
Analysis: Heat a final product sample of approximately 10–20 mg at 2 /min from 30 –90 ,
hydrate with water, and measure the thermal characteristics of each processed sample
with a differential scanning calorimeter as directed in Thermal Analysis
Acceptance criteria: Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis USP37

891 .

displays a single thermal transition peak between 58 and 67 .
Change to read:
• Visual Inspection
Analysis: Visually inspect each piece of final product under a white light at a distance of
30–45 cm for color, the presence of particulates, and holes.
Acceptance criteria: Bovine Acellular Dermal Matrix
Scaffold Bovine Dermis USP37
is white, and neither particulates nor holes are visible.
• Hydration Rate
Analysis: Cut a sample of finished product lot approximately 1 cm × 1 cm. Fully hydrate
the sample, as indicated by a change in color from white to gray.
Acceptance criteria: The sample should be fully hydrated in NMT 3 min when placed in
room-temperature saline solution.
Add the following:
• Content of Silver
Sample: Roll or fold a 4-cm × 4-cm sample of Scaffold Bovine Dermis into a labeled 50-mL
Pyrex glass tube containing 30 mL of 6.0% nitric acid, and cap tightly. Heat the sample
tube in a purified glycerin bath at 100 –105 for 16 h. Remove the sample tube from
glycerin bath, and allow to cool to < 30 . Transfer 0.5 mL of the dissolved Sample into a
second Pyrex glass tube containing 30 mL of 2.0% nitric acid prepared freshly on the day
of use, and cap tightly. The Sample should be stored at room temperature (15–30 ) until
analysis is initiated.
Analysis: The Sample is analyzed for ionic silver via inductively coupled plasma–atomic
emission spectrometry (ICP–AES). The instrument should be a computer-controlled
emission spectrometer with background correction capability. Accurately weigh the
Sample. Nebulize the Sample, and transport the resulting aerosol to the plasma torch.
Element-specific spectra are produced by radio frequency inductively conducted plasma.
Spectra are dispersed by a grating spectrometer, and the intensities of the line spectra
are monitored at specific wavelengths by a photosensitive device. Photo currents from
the photosensitive device are processed and controlled by a computer system. A
background correction technique is required to compensate for variable background
contribution to the determination of silver. Background must be measured adjacent to the
analyte wavelength during analysis. Four types of blanks are required for the analysis: The
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calibration blank is used in establishing the analytical curve. The laboratory reagent blank
is used to assess possible contamination from the Sample preparation procedure. The
laboratory fortified blank is used to assess routine laboratory performance. A rinse blank is
used to flush the instrument uptake system and nebulizer between standards and to
check solutions and samples to reduce memory interferences.
Calibration and standardization: Before using this method, the user must optimize the
plasma operating conditions. The purpose of plasma optimization is to provide a maximum
signal-to-background ratio. The use of a mass flow controller to regulate the nebulizer
gas flow rate greatly facilitates the procedure.
Data analysis and calculations: Report results up to three significant figures as mg/kg
on the dry weight basis. Calculate the concentration of silver in the Sample:
Result = [C × V × D]/W
C= concentration in extract (mg/L)
V= volume of extract (L)
D= dilution factor (undiluted = 1)
W
= weight of sample aliquot extracted (g × 0.001 = kg)
Acceptance criteria: The content of ionic silver in the Scaffold Bovine Dermis must be
more than 100.0 µg/cm2 and less than 165.0 µg/cm2 as determined by ICP–AES. USP37
• Sterility Tests

71 : It meets the requirements.

• Bacterial Endotoxins Test

85 : It meets the requirements as directed in Transfusion and

Infusion Assemblies and Similar Medical Devices

161 .

ADDITIONAL REQUIREMENTS
• Packaging and Storage: The package is a sealed foil pouch that provides an effective
moisture, light, gas, and sterility barrier. Store in clean, dry conditions between 15 and 30
.
• Labeling: Label it to indicate that it is derived from bovine origin. The product is labeled to
indicate its intended clinical use. It is labeled with the dimensions of the product, the
expiration date, the required storage conditions, the lot number, the part number, and the
manufacturer's name and address. The label indicates that the product is sterile and
nonpyrogenic and is designed for single-patient, one-time use. The labeling cautions the
user to inspect the packaging for damage and to discard the product if the packaging has
been compromised. The labeling also cautions the user to hydrate the product only in
room-temperature sterile saline solution.
• USP Reference Standards 11
USP Authentic Visual References RS
USP Bovine Acellular Dermal Matrix Reference Photomicrographs.1
These photomicrographs show the histological appearance of failed, cell-containing
source material (Photomicrographs 1 and 2) and of passing, processed, decellularized
material (Photomicrographs 3 and 4). The samples were prepared as directed in the
test for Histological Evaluation in Specific Tests.
USP Endotoxin RS
1 These photomicrographs are available as a C D from the USP Reference Standards collection, available to
the reader through USP C ustomer Services. To order these and other Reference Standards, call 1-800-227-
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8772 (U.S. and C anada), +1-301-881-0666 or 00-800-4875-5555 (select Europe); or go online to www.usp.org.
Order item number 1535824.
2 A suitable device and associated procedures can be obtained from Labconoco, 8811 Prospect Ave., Kansas
C ity, MO 64132-2696.
3 A suitable catalyst is Pro-Pac C T-37, Alfie Packers, 8901 J St., Omaha, NE 68127.
4 C ommonly referred to as Henger granules.
5 A suitable sample buffer can be obtained from Invitrogen C orporation, 1600 Faraday Ave., P.O. Box 6482,
C arlsbad, C A 92008.
6 A suitable gel running buffer can be obtained from Bio-Rad Laboratories, 1000 Alfred Nobel Dr., Hercules,
C A 94547.
7 A suitable precast acrylamide gel can be obtained from Bio-Rad Laboratories, 1000 Alfred Nobel Dr.,
Hercules, C A 94547.
8 A suitable material test system is available from Instron C orporation, 825 University Ave., Norwood, MA
02062-2643.
9 A suitable material test system is available from Instron C orporation, 825 University Ave., Norwood, MA
02062-2643.

BRIEFING
Secobarbital Sodium Capsules, USP 35 page 4619. It is proposed to modernize the
monograph with the following changes:
1.
Replace the packed column GC procedure in the Assay with a specific stability-indicating
HPLC procedure for the Assay, and add a test for Organic Impurities. This proposed
procedure was validated using a Zorbax Eclipse XDB-C18 brand of L1 column
manufactured by Agilent. The typical retention times for secobarbital in the Assay
and in the test for Organic Impurities are 8.0 and 8.5 min, respectively.
2.
Add a reference to general chapter Infrared Absorption 197 .
3.
Replace the current procedure for Identification test B with a retention time agreement
of the major peaks of the Sample solution and the Standard solution, as obtained in
the proposed Assay.
4.
Clarify the Standard solution and Sample solution preparations in the test for Dissolution
711 .
5.
Revise the test for Uniformity of Dosage Units 905 to allow the use of the HPLC
Assay procedure instead of UV spectrophotometry.
6.
Update the monograph to be consistent with current USP style.
(SM4: R. Ravichandran, H. Joyce.)
Correspondence Number—C95395

Comment deadline: January 31, 2013
Secobarbital Sodium Capsules
DEFINITION
Secobarbital Sodium Capsules contain NLT 92.5% and NMT 107.5% of the labeled amount of
secobarbital sodium (C12 H17 N2 NaO3 ).
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IDENTIFICATION
Change to read:
• A.
Infrared Absorption 197 USP37
Sample solution: Nominally 5 mg/mL of secobarbital sodium in water from the contents of
Capsules
Analysis: Transfer 10 mL of the filtered Sample solution to a separator. Add 2 mL of 3 N
hydrochloric acid. Extract the liberated secobarbital with 20 mL of chloroform, and
evaporate the extract to dryness. Dissolve the residue in chloroform to prepare a 5-mg/mL
solution.
Acceptance criteria: The Sample solution exhibits maxima only at the same wavelengths
as that of a similar preparation of USP Secobarbital RS.
Change to read:
• B. Identification Tests—General, Sodium 191
Sample: Nominally 500 mg of secobarbital sodium from the contents of the Capsules
Acceptance criteria: The residue of the Sample after ignition meets the requirements of
the test.
The retention time of the secobarbital peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP37
ASSAY
Delete the following:
• Barbiturate Assay 361
Internal Standard: Butabarbital
Internal Standard Solution: 0.8 mg/mL of butabarbital in chloroform
Standard Preparation: 0.9 mg/mL of USP Secobarbital RS and 0.8 mg/mL of butabarbital in
chloroform
Assay Stock Preparation: Nominally 1 mg/mL of secobarbital from the contents of
Capsules in chloroform prepared as follows. Weight NLT 20 Capsules, and transfer the
contents to a suitable container. Weigh the empty capsules after removing any residual
powder with a current of air. Determine the weight of the capsule contents by difference.
Transfer a portion of mixed capsule contents equivalent to about 100 mg of secobarbital
sodium to a separator. Add 15 mL of water, 1 mL of hydrochloric acid, and 100 mL of
chloroform. Shake for 3 min and filter a portion of the chloroform layer through about 15 g
of anhydrous sodium sulfate and a portion of glass wool.
Assay Preparation: Nominally 1 mg/mL of secobarbital from Assay Stock Preparation and
0.8 mg/mL of butabarbital from Internal Standard Solution in chloroform prepared as
follows. Combine 2 mL each of Assay Stock Preparation and Internal Standard Solution.
Reduce the volume of the resulting solution to about 2 mL by evaporation, with the aid of
a stream of dry nitrogen, at room temperature.
Chromatographic system: Proceed as directed under Barbiturate Assay 361 .
System suitability
Samples: Standard Preparation
[Note—The relative retention times for butabarbital and for secobarbital are 0.6 and 1.0,
respectively. ]
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Suitability requirements
Resolution: NLT 3.0 between secobarbital and butabarbital
Tailing factor: NMT 2.0 each for secobarbital and butabarbital
Relative Standard Deviation: NMT 1.5% for the peak response ratio of secobarbital to
butabarbital
Analysis
Samples: Standard Preparation and Assay Preparation
Calculate the quantity, in mg, of secobarbital sodium (C12 H17 N2 NaO3 ) in the portion of
Capsules:
Result = (RU/RS) × CI × (Mr1/Mr2) × QS × 100
RU= peak response ratio of the secobarbital to the Internal Standard from the Assay
Preparation
RS= peak response ratio of the secobarbital to the butabarbital from the Standard
Preparation
CI= concentration of butabarbital in the Internal Standard Solution (mg/mL)
Mr1
= molecular weight of secobarbital sodium, 260.27
Mr2
= molecular weight of secobarbital, 238.28
QS= ratio of the weight of the secobarbital to that of the butabarbital in the Standard
Preparation
Acceptance criteria: 92.5%–107.5% USP37
Add the following:
• Procedure
Solution A: Phosphoric acid and water (80:20)
Buffer: 1.4 g/L of monobasic potassium phosphate in water adjusted with Solution A to a
pH of 3.5
Mobile phase: Acetonitrile and Buffer (35:65)
Diluent: Acetonitrile and water (35:65)
Standard solution: 0.4 mg/mL of USP Secobarbital RS in Diluent. Sonication may be used
to aid in dissolution.
Sample solution: Nominally 0.4 mg/mL of secobarbital sodium in a solution prepared as
follows. Transfer the equivalent of 44 mg of secobarbital sodium from the contents of NLT
20 Capsules to a 100-mL volumetric flask. Dilute with Diluent to volume. Shaking and
sonication may be used to aid in dissolution. Centrifuge a portion of this solution, and use
the supernatant.
Chromatographic system
(see Chromatography 621 , System Suitability)
Mode: LC
Detector: 215 nm
Column: 4.6-mm × 15.0-cm; 3.5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 10 µL
Run time: 2 times the retention time of secobarbital
System suitability
Sample: Standard solution
Suitability requirements
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Tailing factor: NMT 1.5
Relative standard deviation: NMT 1.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of secobarbital sodium (C12 H17 N2 NaO3 ) in
the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × (Mr1/Mr2) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Secobarbital RS in the Standard solution (mg/mL)
CU= nominal concentration of secobarbital sodium in the Sample solution (mg/mL)
Mr1
= molecular weight of secobarbital sodium, 260.26
Mr2
= molecular weight of secobarbital, 238.28
Acceptance Criteria: 92.5%–107.5% USP37
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 500 mL
Apparatus 1: 100 rpm
Time: 60 min
Standard solution: USP Secobarbital RS in 0.1 N sodium hydroxide
Sample solution: Solution under test, mixed with sufficient sodium hydroxide to provide a
concentration of 0.1 N sodium hydroxide, and diluted with Medium, as needed, so that the
concentration is similar to that of the Standard solution
Instrumental conditions
Mode: UV
Analytical wavelength: 243 nm
Tolerances: NLT 75% (Q) of the labeled amount of secobarbital sodium (C12 H17 N2 NaO3 ) is
dissolved.
Change to read:
• Uniformity of Dosage Units 905 : Meet the requirements.
Procedure for content uniformity
Diluent: 5 mg/L of ammonium hydroxide in water. Prepare at time of use.
Standard solution: 10 µg/mL of USP Secobarbital RS in Diluent.
Sample solution: Nominally 10 µg/mL of secobarbital sodium in Diluent, prepared as
follows. Transfer the contents of 1 Capsule to a 250-mL volumetric flask, with the aid
of about 5 mL of alcohol. Add 10 mL of Diluent, and without delay dilute with the same
solution to volume. Mix, filter if necessary, and discard the first 20 mL of the filtrate.
Dilute a portion of the clear solution with Diluent to obtain final concentration.
Instrumental conditions
Mode: UV
Analytical wavelength: 240 nm
Cell: 1 cm
Blank: Diluent
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Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of secobarbital sodium (C12 H17 N2 NaO3 ) in the Capsule:
Result = (AU/AS) × CS × V × (Mr1/Mr2) × (1/L) × 100
AU= absorbance of the Sample solution
AS= absorbance of the Standard solution
CS= concentration of USP Secobarbital RS in the Standard solution (µg/mL)
V = volume of Medium, 500 mL
Mr1
= molecular weight of secobarbital sodium, 260.27
Mr2
= molecular weight of secobarbital, 238.28
L = label claim (mg/Capsule)
USP37

IMPURITIES
Add the following:
• Organic Impurities
Solution A, Buffer, Mobile phase, Diluent, and Chromatographic system: Proceed as
directed in the Assay.
Standard solution: 0.005 mg/mL of USP Secobarbital RS in Diluent. Sonication may be
used to aid in dissolution.
Sample solution: Nominally 1 mg/mL of secobarbital sodium in a solution prepared as
follows. Transfer the equivalent of 100 mg of secobarbital sodium from NLT 20 Capsules to
a 100-mL volumetric flask. Dilute with Mobile phase to 50% of the final flask volume.
Sonicate and shake. Dilute with Mobile phase to volume. Pass through a suitable filter of
0.45-µm pore size.
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 1.5
Relative standard deviation: NMT 6.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of any individual unspecified degradant in the portion of
Capsules taken:
Result = (rU/rS) × CS/CU × (Mr1/Mr2) × 100
rU= peak response of any individual unspecified degradant from the Sample solution
rS= peak response from the Standard solution
CS= concentration of USP Secobarbital RS in the Standard solution (mg/mL)
CU= nominal concentration of secobarbital sodium in the Sample solution (mg/mL)
Mr1
= molecular weight of secobarbital sodium, 260.26
Mr2
= molecular weight of secobarbital, 238.28
Acceptance criteria: See Table 1.
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Table 1
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Name
Iminosecobarbitala
0.33
1.0
b
2-Hydroxypropyl analog
0.38
0.24
Secobarbital
1.0
—
c
1,3-Dimethylbutyl analog
1.61
0.54
Any individual unspecified degradant
—
0.10
Total impurities
—
1.5
a 5-Allyl-4-imino-5-(1-methylbutyl) barbituric acid.
b 5-(2-Hydroxypropyl)-5-(1-methylbutyl) barbituric acid.
c 5-Allyl-5-(1-3-dimethylbutyl) barbituric acid.
USP37

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight containers.
• USP Reference Standards
USP Secobarbital RS

11
BRIEFING

Selegiline Hydrochloride Capsules. Because there is no existing USP monograph for this drug
product, a new monograph, based on validated methods of analysis, is proposed. The liquid
chromatographic procedures in the Assay and in the tests for Organic Impurities and
Dissolution are based on analyses performed with a µBondapak brand of L1 column
manufactured by Waters Corporation. The typical retention time for selegiline is about 9.5
min in all of the tests.
(SM4: R. Ravichandran.)
Correspondence Number—C96921

Comment deadline: January 31, 2013
Add the following:
Selegiline Hydrochloride Capsules
DEFINITION
Selegiline Hydrochloride Capsules contain NLT 90.0% and NMT 110.0% of the labeled amount of
selegiline hydrochloride (C13 H17 N· HCl).
IDENTIFICATION
• A. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
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Buffer: 11.5 g/L of monobasic ammonium phosphate in water. Adjust with phosphoric acid
to a pH of 3.1.
Mobile phase: Acetonitrile and Buffer (20:80)
System suitability solution: 0.1 mg/mL each of USP Selegiline Hydrochloride RS and USP
Methamphetamine Hydrochloride RS in Mobile phase
Standard solution: 0.1 mg/mL of USP Selegiline Hydrochloride RS in Mobile phase
Sample stock solution: Nominally, 1 mg/mL of selegiline hydrochloride from the contents
of NLT 20 Capsules, prepared as follows. To the weighed portion of the sample in a
suitable volumetric flask add Mobile phase to fill 80% of the final flask volume. Sonicate for
at least 10 min. Dilute with Mobile phase to volume, and centrifuge a portion of the
solution for at least 10 min.
Sample solution: Nominally, 0.1 mg/mL of selegiline hydrochloride, by diluting a portion of
the supernatant from the Sample stock solution with Mobile phase. Pass a portion of the
solution through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 205 nm
Column: 3.9-mm × 30-cm; 10-µm packing L1
Flow rate: 1 mL/min
Injection volume: 20 µL
Run time: 1.5 times the retention time of selegiline
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for methamphetamine and selegiline are 0.6 and 1.0,
respectively.]
Suitability requirements
Resolution: NLT 3 between the methamphetamine and selegiline peaks, System
suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of selegiline hydrochloride (C13 H17 N·HCl)
in the portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of selegiline from the Sample solution
rS= peak response of selegiline from the Standard solution
C=
S concentration of USP Selegiline Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of selegiline hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Dissolution 711
Medium: Water; 500 mL
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Apparatus 1: 50 rpm
Time: 20 min
Buffer, Mobile phase, and Chromatographic system: Proceed as directed in the Assay.
Standard solution: 0.01 mg/mL of USP Selegiline Hydrochloride RS in Mobile phase
Sample solution: Pass a portion of the solution under test through a suitable filter.
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of selegiline hydrochloride (C13 H17 N·HCl)
dissolved:
Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Selegiline Hydrochloride RS in the Standard solution (mg/mL)
L= label claim (mg/Capsule)
V= volume of Medium, 500 mL
Tolerances: NLT 80% (Q) of the labeled amount of selegiline hydrochloride (C13 H17 N·HCl) is
dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Organic Impurities
Buffer and Mobile phase: Proceed as directed in the Assay.
Standard stock solution A: 0.2 mg/mL each of USP Selegiline Hydrochloride RS and USP
Selegiline Related Compound D RS in Mobile phase
Standard stock solution B: 0.2 mg/mL of USP Methamphetamine Hydrochloride RS in
Mobile phase
Standard solution: 2 µg/mL each of USP Selegiline Hydrochloride RS and USP Selegiline
Related Compound D RS, and 20 µg/mL of USP Methamphetamine Hydrochloride RS in
Mobile phase from Standard stock solution A and Standard stock solution B, respectively
Sample solution: Nominally, 1 mg/mL of selegiline hydrochloride in Mobile phase from the
contents of NLT 20 Capsules, prepared as follows. To the weighed portion of sample in a
suitable volumetric flask add Mobile phase to fill 60% of the final flask volume. Sonicate for
at least 10 min, and dilute with Mobile phase to volume. Pass a portion of the solution
through a suitable filter of 0.45-µm pore size.
Chromatographic system: Proceed as directed in the Assay except use a run time of 3
times the retention time of selegiline.
System suitability
Sample: Standard solution
[Note—See Table 1 for the relative retention times.]
Suitability requirements
Resolution: NLT 6.0 between methamphetamine and selegiline related compound D and
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NLT 3.2 between selegiline related compound D and selegiline
Relative standard deviation: NMT 10.0% for each of the selegiline related compound
D and selegiline peaks; NMT 5.0% for the methamphetamine peak
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of methamphetamine and selegiline related compound D in the
portion of Capsules taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of methamphetamine or selegiline related compound D from the Sample
solution
rS= peak response of the corresponding Reference Standard from the Standard solution
C=
S concentration of the corresponding Reference Standard in the Standard solution
(mg/mL)
C=
U nominal concentration of selegiline hydrochloride in the Sample solution (mg/mL)
Calculate the percentage of each individual unspecified impurity in the portion of Capsules
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of USP Selegiline Hydrochloride RS from the Standard solution
C=
S concentration of USP Selegiline Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of selegiline hydrochloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any peak below 0.1%.
Table 1

Name
Methamphetaminea
Selegiline related compound Db
Selegiline
Any individual unspecified degradation product
Total impuritiesc

Relative
Acceptance
Retention
Criteria,
Time
NMT (%)
0.62
2.0
0.85
0.50
1.0
—
—
0.50
—
2.0

a Benzeneethanamine, N, -dimethyl-, (S)-.
b (R)-N-(1-Phenylpropan-2-yl)prop-2-yn-1-amine.
c Does not include methamphetamine.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in tight, light resistant containers.
• USP Reference Standards 11
USP Methamphetamine Hydrochloride RS
USP Selegiline Hydrochloride RS
USP Selegiline Related Compound D RS
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(R)-N-(1-Phenylpropan-2-yl)prop-2-yn-1-amine hydrochloride.
C12 H15 N·HCl
209.72
USP37

BRIEFING
Sevelamer Carbonate. Because there is no USP existing monograph for this drug substance, a
new monograph is proposed based on validated test methods. The gas chromatographic
procedure in the test for Limit of Epichlorohydrin is based on analysis performed using a
Restek RTX-5 deactivated column of packing G27. The typical retention time for the
epichlorohydrin peak is about 4.5 min under the conditions specified for this test. The liquid
chromatographic procedure in the test for Limit of Allylamine is based on analysis performed
using a YMC J’sphere ODS-H80 column of packing L1. The typical retention time for
allylamine is between 6.3–7.5 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C100041

Comment deadline: January 31, 2013
Add the following:
Sevelamer Carbonate

[(C3 H7 N)m(C3 H5 ClO)n]·xCH2 O3 .
Carbonic acid, compound with (chloromethyl)oxirane polymer with 2-propen-1-amine;
Prop-2-en-1-amine polymer with (chloromethyl)oxirane carbonate
[845273-93-0].
DEFINITION
Sevelamer Carbonate is a polyallylamine hydrochloride cross-linked with epichlorohydrin. A
portion of the amine is present as the carbonate salt with 40% amine carbonate and 60% free
amine with the content of free amine NLT 11.3 mmol/g and NMT 14.1 mmol/g, calculated on the
dried basis.
IDENTIFICATION
• A. Infrared Absorption 197A
ASSAY
• Total Titratable Amines 541
Sample solution: Stir 1 g of Sevelamer Carbonate in 15 mL of 1.0 N hydrochloric acid and
35 mL of water for at least 40 min.
Titrimetric system
Mode: Direct titration
Titrant: 1.0 N sodium hydroxide
Endpoint detection: Potentiometric. [Note—Two endpoints are observed; the first one is
for neutralizing the hydrochloric acid, and the second one is for neutralizing the
polymeric amine.]
Analysis: Calculate the amount of titratable amines (mmol/g) in the portion of Sevelamer
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Carbonate taken:
Result = [(V2

V1) × N]/W

V=
2 titrant volume consumed by the sample at the second endpoint (mL)
V=
1 titrant volume consumed by the sample at first endpoint (mL)
N= normality of Titrant (mEq/mL)
W
= sample weight (g)
Acceptance criteria: 11.3–14.1 mmol/g on the dried basis
• Carbonate Content
(See Thermal Analysis 891 .)
Mode: Thermogravimetry
Sample: 20 ± 5 mg
Thermogravimetric system
Mode: Thermogravimetry
Temperature: See Table 1.
Table 1
Hold Time
Temperature
Final
at Final
Ramp
Temperature
Initial
Temperature
Temperature
( /min)
( )
(min)
30
10
85
60
85
10
300
—
Gas settings
Balance purge: 40 mL/min, N2
Oven purge: 60 mL/min, N2
Analysis: Calculate the percentage of carbonate in the portion of Sevelamer Carbonate
taken:
Result = (W2

W1)

W=
2 percentage total weight loss of the sample at 240
W=
1 percentage weight loss of the sample in the time range of 0–65 min
Acceptance criteria: 15%–21% calculated on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Limit of Chloride
Sample solution: 2.5 g of Sevelamer Carbonate in 40–50 mL of water. Add 7 mL of nitric
acid, and stir for 10 min.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.10 N silver nitrate VS
Endpoint detection: Potentiometric
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Analysis: Calculate the percentage of chloride in the portion of Sevelamer Carbonate
taken:
Result = {[(V × N)/W] × F × 100}
V= titrant volume consumed by the sample (mL)
N= normality of titrant (mEq/mL)
W
= sample weight (mg)
F= equivalency factor, 35.453 mg/mEq
Acceptance criteria: NMT 1% calculated on the dried basis
• Limit of Epichlorohydrin
Internal standard stock solution: 24 µg/mL of toluene in acetonitrile
Internal standard solution: 2.4 µg/mL of toluene in acetonitrile from the Internal
standard stock solution
Epichlorohydrin stock solution: 4 mg/mL of epichlorohydrin in acetonitrile
Standard solution 1: 2 µg/mL of epichlorohydrin and 2.4 µg/mL of toluene in acetonitrile
from the Epichlorohydrin stock solution and Internal standard stock solution
Standard solution 2: 0.15 µg/mL of epichlorohydrin and 2.4 µg/mL of toluene in
acetonitrile prepared by diluting 1.5 mL of Standard solution 1 in a 20-mL volumetric flask
with Internal standard solution to volume
Sample solution: Add 2.0 mL of the Internal standard solution to about 1 g of Sevelamer
Carbonate. Mix, and centrifuge at 1500 rpm for 5 min. Collect the solution above the
sample, and pass through a suitable filter of 0.45-µm pore size. Analyze the filtrate within
24 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m × 0.53-mm; 1.5-µm film of phase G 27
Temperatures
Injector: 225
Detector: 250
Column: See Table 2.
Table 2
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
35
6
50
0
50
8
90
0
90
20
215
2
Carrier gas: Helium
Pressure: Constant, 5–5.5 psi
Split mode: Splitless
Injection volume: 1 µL. [Note—0.5 µL can be used as needed depending on the inlet
type.]
System suitability
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Sample: Standard solution 1
Suitability requirements
[Note—The relative retention times of epichlorohydrin and toluene are 1.0 and 1.2,
respectively.]
Resolution: NLT 1.5 between epichlorohydrin and toluene
Tailing factor: NMT 2.0 for epichlorohydrin
Analysis
Samples: Standard solution 2 and Sample solution
Determine the amount of epichlorohydrin in the portion of the Sevelamer Carbonate taken
by comparing the peak response ratio of epichlorohydrin to toluene from Standard solution
2 to that of the peak response ratio of epichlorohydrin to toluene from the Sample
solution.
Acceptance criteria: NMT 0.3 ppm
• Limit of Soluble Oligomers: All the weights for sevelamer carbonate are calculated on the
dried basis.
Extraction solution: 0.4 N hydrochloric acid
Standard stock solution: 1 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution
Standard solution 1: 0.025 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution from the Standard stock solution
Standard solution 2: 0.05 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution from Standard stock solution
Sample solution 1: Suspend 250 mg of Sevelamer Carbonate in 10.0 mL of the Extraction
solution in a suitable test tube. Cap the test tube, vortex, and then shake for 30 min.
Centrifuge at about 4500 rpm for 10 more min, and pass through a suitable filter to give
approximately 3 mL of solution.
Sample solution 2: Suspend 250 mg of Sevelamer Carbonate in 10.0 mL of Standard
solution 1 in a suitable test tube. Cap the test tube, vortex, and then shake for 30 min.
Centrifuge at 4500 rpm for 10 more min, and pass through a suitable filter to give
approximately 3 mL of solution.
Sample solution 3: Suspend 250 mg of Sevelamer Carbonate in 10.0 mL of Standard
solution 2 in a suitable test tube. Cap the test tube, vortex, and then shake for 30 min.
Centrifuge at about 4500 rpm for 10 more min, and pass through a suitable filter to give
approximately 3 mL of solution.
Derivatization procedure
[Note—All samples must be analyzed within 1 h of adding methanol to the Blank solution.]
Derivatized blank solution: To 1.0 mL of the Extraction solution, add 2.0 mL of a 2%
ninhydrin solution TS. Vortex, and shake for 10 min at 250 rpm on a 60 heated orbital
shaker. Remove from the shaker, and add 7.0 mL of methanol. Vortex, and allow it to
stand for 20 min. Use this solution to zero the instrument.
Derivatized standard solutions: To 0.9 mL of the Extraction solution in three separate
test tubes, add 0.1 mL of the Standard stock solution followed by 2.0 mL of a 2%
ninhydrin solution TS to each of the test tubes. Vortex, and shake for 10 min at 250 rpm
on a 60 heated orbital shaker. Remove from the shaker, and add 7.0 mL of methanol.
Vortex, and allow it to stand for 20 min.
Derivatized sample solutions: To 1.0 mL of Sample solution 1, Sample solution 2, and
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Sample solution 3 add 2.0 mL of a 2% ninhydrin solution TS. Vortex, and shake for 10
min at 250 rpm on a 60 heated orbital shaker. After exactly 10 min remove from the
shaker, and add 7.0 mL of methanol. Vortex, and allow to stand for 20 min.
Instrumental conditions
Mode: Vis
Analytical wavelength: 570 nm
System suitability
Samples: Derivatized standard solutions
Suitability requirements
Mean absorbance: NLT 0.2 Au, Derivatized standard solutions
Relative standard deviation: NMT 5%, Derivatized standard solutions
Analysis
Samples: Derivatized sample solutions
Using linear regression, calculate the slope,S, and intercept, I , from the plot of
absorbance versus the amount of USP Polyallylamine Hydrochloride RS, in ppm, added to
Sample solution 1, Sample solution 2, and Sample solution 3.
Calculate the percentage of soluble oligomers in the portion of the Sevelamer Carbonate
taken:
Result = (I/S) × F
I= intercept from the linear regression
S= slope from the linear regression
F= unit conversion factor from ppm to percent, 10,000
Acceptance criteria: NMT 0.1%
• Limit of Allyl Amine
Mobile phase: Dissolve 4.08 g of monobasic potassium phosphate and 2.08 g of phosphoric
acid in 600 mL of water. Add 400 mL of acetonitrile.
Diluent: Acetonitrile and water (50:50)
Extraction solution: 0.1 N hydrochloric acid
Standard stock solution: 1 mg/mL of allylamine in water
Standard solution 1: 1 µg/mL of allylamine in water from the Standard stock solution
Standard solution 2: 0.2 µg/mL of allylamine in the Extraction solution from Standard
solution 1
Derivatization solution: 0.3 mg/mL of fluorescamine in dimethyl sulfoxide
Sodium tetraborate solution: 14 mg/mL of sodium tetraborate decahydrate in water
(0.037 M). Sonication may be necessary for complete dissolution.
Sample solution 1: Transfer about 200 mg of Sevelamer Carbonate into a test tube. Add
10.0 mL of the Extraction solution. Vortex for at least 1 min, shake on a wrist-action
shaker for 30 min, and then vortex for another 1 min. Centrifuge at 4500 rpm for 20 min,
and pass through a suitable filter of 0.45-µm pore size.
Sample solution 2: Transfer about 200 mg of Sevelamer Carbonate into a test tube. Add
10.0 mL of Standard solution 2. Vortex for at least 1 min, shake on a wrist action shaker
for 30 min, and then vortex for another 1 min. Centrifuge at 4500 rpm for 20 min, and pass
through a suitable filter of 0.45-µm pore size.
Derivatization procedure
Standard solution 1 for derivatization: In the following order add 2.0 mL of Sodium
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tetraborate solution, 1.9 mL of water, and 100 µL of Standard solution 1 to a suitable
test tube, and cap.
Sample solutions for derivatization: In the following order add 2.0 mL of Sodium
tetraborate solution and 1.0 mL of water to 1.0 mL of Sample solution 1 and Sample
solution 2 extracts in two separate test tubes, and cap.
Derivatized standard solution 1: Uncap the test tube for Standard solution 1 for
derivatization, and add 0.5 mL of the Derivatization solution. Recap, and shake/vortex
for 20 s. After 3 min add 5.5 mL of Diluent, recap the test tube, mix, and allow it to
stand for 2 h before analyzing. Analyze the sample within 10 h after the waiting period.
Derivatized sample solution 1 and Derivatizated sample solution 2: For each of the
Sample solution 1 for derivatization and Sample solution 2 for derivatization, uncap the
test tube, and add 0.5 mL of the Derivatization solution. Recap, and shake/vortex for 20
s. After 3 min add 5.5 mL of Diluent to each of the test tubes. Recap the test tube, mix,
and allow it to stand for 2 h before analyzing. Analyze the samples within 10 h after the
waiting period.
Chromatographic system
(See Chromatography 621 .)
Mode: LC
Detector: Fluorescence, excitation at 390 nm, emission 475 nm
Column: 4.6-mm × 150-mm; 4-µm L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Derivatized standard solution 1
Resolution: NLT 1.5 between the allylamine peak and any nearest system peak
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5%
Analysis
Samples: Derivatized sample solution 1 and Derivatized sample solution 2
Calculate the amount of allylamine, in ppm, in the portion of Sevelamer Carbonate
taken:
Result= [rU/(rU1

rU)] × (W2/W1)

rU= peak response of the allylamine peak in Derivatized sample solution 1
rU1
= peak response of the allylamine peak in Derivatized sample solution 2
W=
2 amount of allylamine in Sample solution 2 (µg)
W=
1 amount of Sevelamer Carbonate in Sample solution 1 (g)
Acceptance criteria: NMT 5 ppm
SPECIFIC TESTS
• Loss on Drying
Sample: 20 ± 5 mg
Thermogravimetric system
(See Thermal Analysis 891 .)
Mode, Gas settings, and Temperature: Proceed as directed in the test for Carbonate
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Content.
Analysis: Determine the percentage weight loss of the sample in the time range from 0–65
min.
Acceptance criteria: NMT 10%
• Swell Index
Buffer: 1.75 g of sodium chloride and 19.19 g of N,N-bis(hydroxyethyl)-2aminoethanesulfonic acid (BES) in 200 mL of water. Adjust with 1 N sodium hydroxide to a
pH of 7.0, and then dilute with water to 300 mL. Do not back titrate.
Sample solution: Add about 100 mg of Sevelamer Carbonate and 5.0 mL of Buffer to each
of 3 separate filtration units containing a stir bar. Cap the units, vortex for 30 s, and stir
for 30 min. Centrifuge at 4500 rpm for 60 min, and separate the upper filtration unit.
Suitability requirements
Samples: Sample solutions
Relative standard deviation: NMT 5% for triplicate samples
Analysis: Determine the swelling index of Sevelamer Carbonate:
Result = (W1
(W1 = W2

W4)/W4
W3)

W=
1 sample weight after centrifuging stage (g)
W=
4 sample weight (g)
W=
2 upper filtration unit weight after centrifuging stage (including cap and stirrer bar) (g)
W=
3 weight of empty upper filtration unit (including cap and stirrer bar) (g)
Acceptance criteria: 5–11 calculated on the dried basis
• Particle Size Determination, Light Diffraction Measurement of Particle Size 429
Sample: 10 mL of sevelamer carbonate in water
Acceptance criteria: Greater than or equal to 99.0% by volume greater than or equal to 3
µm
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight containers at controlled room temparature.
• USP Reference Standards 11
USP Polyallylamine Hydrochloride RS
USP Sevelamer Carbonate RS
USP37

BRIEFING
Sevelamer Carbonate for Oral Suspension. Because there is no existing USP monograph for
this drug product, a new monograph is proposed based on the validated test methods. The
liquid chromatographic procedure in the test for Limit of Allylamine is based on the analysis
performed using a YMC J¢sphere ODS-H80 column of packing L 1. The typical retention time
for allylamine is between 6–8 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C100041

Comment deadline: January 31, 2013
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Add the following:
Sevelamer Carbonate for Oral Suspension
DEFINITION
Sevelamer Carbonate for Oral Suspension contain NLT 90% and NMT 110% of the labeled
amount of sevelamer carbonate {[(C3 H7 N)m(C3 H5 ClO)n].xCH2 O3 }.
IDENTIFICATION
• A. Infrared Absorption 197A
Sample: Use a sample from a composite powder from NLT 10 sachets.
Acceptance criteria: The sample exhibits maxima, characteristic of sevelamer carbonate
as compared to that of a similar preparation of USP Sevelamer Carbonate RS, at the
following wavenumbers: 3276, 2908, 2853, 2164, 1560, 1440, 1384, 1302, 1130, 813 and
695 cm 1.
ASSAY
• Total Titratable Amines
Standard solution: 20 mg/mL of USP Sevelamer Carbonate RS prepared as follows. To 1 g
of USP Sevelamer Carbonate RS, add 15 mL of 0.1N hydrochloric acid and 35 mL of water
Stir for at least 40 min.
Sample solution: Nominally 18 mg/mL of sevelamer carbonate prepared as follows. Finely
powder NLT 10 sachets, and weigh an amount equivalent to 1 g of sevelamer carbonate in
a suitable beaker. Add 15 mL of 0.1N hydrochloric acid and 35 mL of water, and stir for at
least 40 min.
Titrimetric system
Mode: Direct titration
Titrant: 1.0 N sodium hydroxide
Endpoint detection: Potentiometric. [Note—Two endpoints are observed. The first one is
for neutralizing the hydrochloric acid, and the second is for neutralizing the polymeric
amine.]
Analysis
Samples: Standard solution and Sample solution
Calculate separately the total titratable amines (mmol/g) in the Standard solution (A1) and
Sample solution (A2) taken:
Result (A2 or A1) = [(V2

V1) × N]/W

V=
2 Titrant volume consumed by the Sample at the second endpoint (mL)
V=
1 Titrant volume consumed by the Sample at the first endpoint (mL)
N= normality of Titrant (mEq/mL)
W= sample weight in the Standard solution to calculate A1 or nominal weight of sevelamer
carbonate in Sample solution to calculate A2, respectively (g)
Calculate the percentage of the labeled amount of total titratable amines in the portion of
sevelamer carbonate taken:
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Result = (A2/A1) × 100
A=
2 total titratable amine in the Sample solution (mmol/g)
A=
1 total titratable amine in the Standard solution (mmol/g)
Acceptance criteria: 90.0%–110.0% on the dried basis
PERFORMANCE TESTS
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
• Limit of Soluble Oligomers: Prepare all solutions on the same day of analysis.
Extraction solution: 2.3 N hydrochloric acid
Standard stock solution: 1 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution
Standard solution 1: 0.025 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution from the Standard stock solution
Standard solution 2: 0.05 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution from the Standard stock solution
Sample solution 1: Suspend an amount nominally equivalent to 250 mg of sevelamer
carbonate from a composite sample from NLT 10 sachets in 10 mL of Extraction solution in
a suitable test tube. Cap and seal the test tube, vortex, and then shake for 30 min.
Centrifuge at about 4500 rpm for 10 more min, and pass through a suitable filter of
0.8/0.2-µm pore size to give approximately 3 mL of solution.
Sample solution 2: Suspend an amount nominally equivalent to 250 mg of sevelamer
carbonate from a composite sample from NLT 10 sachets in 10.0 mL of Standard solution 1
in a suitable test tube. Cap and seal the test tube, vortex, and then shake for 30 min.
Centrifuge at about 4500 rpm for 10 more min, and pass through a suitable filter of
0.8/0.2-µm pore size to give approximately 3 mL of solution.
Sample solution 3: Suspend an amount nominally equivalent to 250 mg of sevelamer
carbonate from a composite sample from NLT 10 sachets in 10.0 mL of Standard solution 2
in a suitable test tube. Cap and seal the test tube, vortex, and then shake for 30 min.
Centrifuge at about 4500 rpm for 10 more min, and pass through a suitable filter of
0.8/0.2-µm pore size to give approximately 3 mL of solution.
Derivatization procedure: All samples must be analyzed within 1 h of adding methanol to
the Blank solution.
Derivatized blank solution: To 1.0 mL of the Extraction solution, add 4.0 mL of a 2%
ninhydrin solution TS. Vortex, and shake for 10 min at 350 rpm on a 60 heated orbital
shaker. Remove from the shaker, and add 7.0 mL of methanol. Vortex, and allow it to
stand for 20 min. Use the Derivatized blank solution to zero the instrument.
Derivatized standard solutions: To 0.9 mL of the Extraction solution in three separate
test tubes add 0.1 mL of the Standard stock solution, followed by 4.0 mL of a 2%
ninhydrin solution TS to each of the test tubes. Vortex, and shake for 10 min at 350 rpm
on a 60 heated orbital shaker. Remove from the shaker, and add 7.0 mL of methanol.
Vortex, and allow it to stand for 20 min. Derivatized standard solutions are prepared in
triplicate.
Derivatized sample solution(s): To 1.0 mL of Sample solution 1,Sample solution 2, and
Sample solution 3 add 4.0 mL of a 2% ninhydrin solution TS . Vortex, and shake for 10
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min at 350 rpm on a 60 heated orbital shaker. After exactly 10 min remove from the
shaker, and add 7.0 mL of methanol. Vortex, and allow to stand for 20 min.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 570 nm
System suitability
Samples: Derivatized standard solutions
Suitability requirements
Mean absorbance: NLT 0.2 Au
Relative standard deviation: NMT 10%
Analysis
Samples: Derivatized sample solutions
Using linear regression, calculate the slope, AUS and intercept, AS from the plot of
absorbance versus the amount of USP Polyallylamine Hydrochloride RS, in ppm, added to
Sample solution 1, Sample solution 2, and Sample solution 3.
Calculate the percentage of soluble oligomers in the portion of sevelamer carbonate
taken:
Result = (I/S) × F
I= intercept from the linear regression
S= slope from the linear regression
F= conversion factor to percentage, 10,000
Acceptance criteria: NMT 0.2%
• Limit of Allylamine
Mobile phase: Dissolve 4.08 g of monobasic potassium phosphate and 2.08 g phosphoric
acid in 600 mL of water, and add 400 mL of acetonitrile.
Diluent: Acetonitrile and water (50:50).
Extraction solution: 0.1 N hydrochloric acid
Standard stock solution: 1 mg/mL of allylamine in water
Standard solution 1: 1 µg/mL of allylamine in water from the Standard stock solution
Standard solution 2: 0.2 µg/mL of allylamine in Extraction solution from Standard solution
1
Derivatization solution: 0.3 mg/mL of fluorescamine in dimethyl sulfoxide
Sodium tetraborate solution: 14 mg/mL of sodium tetraborate decahydrate in water
(0.037 M ). [Note—Sonication may be necessary for complete dissolution.]
Sample solution 1: Accurately weigh an amount nominally equivalent to about 200 mg of
sevelamer carbonate from a composite sample from NLT 10 sachets, into a suitable test
tube. Add 10.0 mL of the Extraction solution. Vortex for at least 1 min, shake (on a wrist
action shaker) for 30 min, and then vortex for another 1 min. Centrifuge at 4500 rpm for
20 min, and pass the supernatant through a suitable filter of 0.45-µm pore size.
Sample solution 2: Accurately weigh an amount nominally equivalent to about 200 mg of
sevelamer carbonate from a composite sample from NLT 10 sachets into a suitable test
tube. Add 10.0 mL of the Standard solution 2. Vortex for at least 1 min, shake on a wrist
action shaker for 30 min, and then vortex for another 1 min. Centrifuge at 4500 rpm for 20
min, and pass the supernatant through a suitable filter of 0.45-µm pore size.
Derivatization procedure
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Standard solution 1 for derivatization: In the following order add 2.0 mL of Sodium
tetraborate solution, 1.9 mL of water, and 100 µL of Standard solution 1 to a suitable
test tube, and cap.
Sample solutions for derivatization: In the following order add 2.0 mL of Sodium
tetraborate solution, 1.0 mL of water, and 1.0 mL of Sample solution 1 and Sample
solution 2 in separate test tubes, and cap.
Derivatization procedure: For each of the above solutions uncap the test tube and add
0.5 mL of the Derivatization solution. Recap and shake/vortex for 20 s. After 3 min add
5.5 mL of Diluent to each solution. Recap all tubes, and mix well. Leave each sample to
stand for 2 h before analyzing. Analyze samples within 10 h after the waiting period.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence, excitation 390 nm, emission 475 nm
Column: 4.6-cm × 15-cm; 4-µm L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability criteria
Samples: Derivatized standard solution 1
Resolution: NLT 1.5 between the allylamine and any nearest system peak
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5%
Analysis:
Samples: Derivatized sample solutions
Calculate the amount of allylamine, in ppm, in the portion of sevelamer carbonate taken:
Result= rU/(rU1

rU) × (W2/W1)

rU= peak response of allylamine in Derivatized sample solution 1
rU1
= peak response of allylamine in Derivatized sample solution 2
W=
2 amount of allylamine in Sample solution 2 (µg)
W=
1 nominal weight of sevelamer carbonate in Sample solution 1 (g)
Acceptance criteria: NMT 10 ppm
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature in tightly closed containers,
protected from moisture.
• USP Reference Standards 11
USP Polyallylamine RS
USP Sevelamer Carbonate RS
USP37

BRIEFING
Sevelamer Carbonate Tablets. Because there is no existing USP monograph for this drug
product, a new monograph is proposed based on the validated test methods. The liquid
chromatographic procedure in the test for Limit of Allylamine is based on the analysis
performed using a YMC J¢sphere ODS-H80 column of packing L1. The typical retention time
for allylamine is between 6–8 min.
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(SM2: S. Ramakrishna.)
Correspondence Number—C100041

Comment deadline: January 31, 2013
Add the following:
Sevelamer Carbonate Tablets
DEFINITION
Sevelamer Carbonate Tablets contain NLT 90% and NMT 110% of the labeled amount of
sevelamer carbonate {[(C3 H7 N)m(C3 H5 ClO)n]·xCH2 O3 }.
IDENTIFICATION
• A. Infrared Absorption 197A
Sample: Use a sample from NLT 5 powdered Tablets.
Acceptance criteria: The sample exhibits maxima, characteristic of sevelamer carbonate
as compared to that of a similar preparation of USP Sevelamer Carbonate RS, at the
following wavenumbers: 3276, 2908, 2853, 2164, 1560, 1440, 1384, 1302, 1130, 813 and
695 cm_1.
ASSAY
• Total Titratable Amines 541
Standard solution: 20 mg/mL of USP Sevelamer Carbonate RS prepared as follows. To 1 g
of USP Sevelamer Carbonate RS, add 15 mL of 0.1N hydrochloric acid and 35 mL of water.
Stir for at least 40 min.
Sample solution: Nominally 20 mg/mL of sevelamer carbonate prepared as follows. Finely
powder NLT 10 Tablets, and weigh an amount equivalent to 1 g of sevelamer carbonate in
a suitable beaker. Add 15 mL of 0.1N hydrochloric acid and 35 mL of water, and stir for at
least 40 min.
Titrimetric system
Mode: Direct titration
Titrant: 1.0 N sodium hydroxide
Endpoint detection: Potentiometric. [Note—Two endpoints are observed, the first one is
for neutralizing the hydrochloric acid and the second is for neutralizing the polymeric
amine.]
Analysis
Samples: Standard solution and Sample solution
Calculate separately the total titratable amines (mmol/g) in the Standard solution (A1) and
Sample solution (A2) taken:
Result (A2 or A1) = [(V2

V1) × N]/W

V=
2 Titrant volume consumed by the Sample at the second endpoint (mL)
V=
1 Titrant volume consumed by the Sample at the first endpoint (mL)
N= normality of Titrant (mEq/mL)
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W= Sample weight in Standard solution to calculate A1 or nominal weight of sevelamer
carbonate in Sample solution to calculate A2, respectively (g)
Calculate the percentage of the labeled amount of total titratable amines in the portion of
Tablets taken:
Result = (A2/A1) × 100
A=
2 total titratable amine in the Sample solution (mmol/g)
A=
1 total titratable amine in the Standard solution (mmol/g)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 701
Medium: 0.1 N hydrochloric acid
Time: NMT 30 min
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
• Limit of Soluble Oligomers: Prepare all solutions on the same day of analysis.
Extraction solution: 0.4 N hydrochloric acid
Standard stock solution: 1 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution
Standard solution 1: 0.025 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution from the Standard stock solution
Standard solution 2: 0.05 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution from the Standard stock solution
Sample solution 1: Suspend an amount nominally equivalent to 250 mg of sevelamer
carbonate prepared from NLT 20 powdered Tablets in 10.0 mL of the Extraction solution in
a suitable test tube. Cap and seal the test tube, vortex, and then shake for 30 min.
Centrifuge at about 4500 rpm for 10 more min, and pass through a suitable filter of
0.8/0.2-µm pore size to give approximately 3 mL of solution.
Sample solution 2: Suspend an amount nominally equivalent to 250 mg of sevelamer
carbonate from NLT 20 powdered Tablets in 10.0 mL of Standard solution 1. Cap and seal
the test tube, vortex, and then shake for 30 min. Centrifuge at about 4500 rpm for 10
more min, and pass through a suitable filter of 0.8/0.2-µm pore size to give approximately
3 mL of solution.
Sample solution 3: Suspend an amount nominally equivalent to 250 mg of sevelamer
carbonate from NLT 20 powdered Tablets in 10.0 mL of Standard solution 2. Cap and seal
the test tube, vortex, and then shake for 30 min. Centrifuge at about 4500 rpm for 10
more min, and pass through a suitable filter of 0.8/0.2-µm pore size to give approximately
3 mL of solution.
Derivatization procedure: All samples must be analyzed within 1 h of adding methanol to
the Blank solution.
Derivatized blank solution: To 1.0 mL of Extraction solution, add 2.0 mL of a 2%
ninhydrin solution TS. Vortex, and shake for 10 min at 350 rpm on a 60 heated orbital
shaker. Remove from shaker, and add 7.0 mL of methanol. Vortex, and allow it to stand
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for 20 min. Use the Derivatized blank solution to zero the instrument.
Derivatized standard solutions: To 0.9 mL of the Extraction solution in three separate
test tubes, add 0.1 mL of the Standard stock solution followed by 2.0 mL of a 2%
ninhydrin solution TS to each of the test tubes. Vortex, and shake for 10 min at 350 rpm
on a 60 heated orbital shaker. Remove from the shaker, and add 7.0 mL of methanol.
Vortex, and allow it to stand for 20 min. The Derivatized standard solutions are prepared
in triplicate.
Derivatized sample solutions: To 1.0 mL of Sample solution 1, Sample solution 2, and
Sample solution 3 add 2.0 mL of a 2% ninhydrin solution TS. Vortex, and shake for 10
min at 350 rpm on a 60 heated orbital shaker. After exactly 10 min remove from the
shaker, and add 7.0 mL of methanol. Vortex, and allow to stand for 20 min.
Instrumental conditions
Mode: UV-Vis
Analytical wavelength: 570 nm
System suitability
Samples: Derivatized standard solutions
Suitability requirements
Mean absorbance: NLT 0.2
Relative standard deviation: NMT 10%
Analysis
Samples: Derivatized sample solutions
Using linear regression, calculate the slope, S, and intercept, I, from the plot of
absorbance versus the amount of USP Polyallylamine Hydrochloride RS, in ppm, added to
Sample solution 1, Sample solution 2, and Sample solution 3.
Calculate the percentage of soluble oligomers in the portion of the sevelamer carbonate
taken:
Result = [I/(S × F)]
I= intercept from the linear regression
S= slope from the linear regression
F= conversion factor to percentage, 10,000
Acceptance criteria: NMT 0.2%
• Limit of Allylamine
Mobile phase: Dissolve 4.08 g of monobasic potassium phosphate and 2.08 g of phosphoric
acid in 600 mL of water, and add 400 mL of acetonitrile.
Diluent: Acetonitrile and water (50:50)
Extraction solution: 0.1 N hydrochloric acid
Standard stock solution: 1 mg/mL of allylamine in water
Standard solution 1: 1 µg/mL of allylamine in water from the Standard stock solution
Standard solution 2: 0.2 µg/mL of allylamine in the Extraction solution from Standard
solution 1
Derivatization solution: 0.3 mg/mL of fluorescamine in dimethyl sulfoxide
Sodium tetraborate solution: 14 mg/mL of sodium tetraborate decahydrate in water.
Sonication may be necessary for complete dissolution.
Sample solution 1: Accurately weigh an amount nominally equivalent to about 200 mg of
sevelamer carbonate from NLT 10 powdered Tablets into a test tube. Add 10.0 mL of the
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Extraction solution. Vortex for at least 1 min, shake on a wrist action shaker for 30 min,
and then vortex for another 1 min. Centrifuge at 4500 rpm for 20 min, and pass the
supernatant through a suitable filter of 0.45-µm pore size.
Sample solution 2: Accurately weigh an amount nominally equivalent to about 200 mg of
sevelamer carbonate from NLT 10 powdered Tablets into a test tube. Add 10.0 mL of
Standard solution 2. Vortex for at least 1 min, shake on a wrist action shaker for 30 min,
and then vortex for another 1 min. Centrifuge at 4500 rpm for 20 min, and pass the
supernatant through a suitable filter of 0.45-µm pore size.
Derivatization procedure
Standard solution 1 for derivatization: In the following order add 2.0 mL of Sodium
tetraborate solution, 1.9 mL of water, and 100 µL of Standard solution 1 to a test tube,
and cap.
Sample solutions for derivatization: In the following order add 2.0 mL of Sodium
tetraborate solution, 1.0 mL of water, and 1.0 mL of Sample solution 1 and Sample
solution 2 in separate test tubes, and cap.
Derivatization procedure: For each of the above solutions uncap the test tube, and
add 0.5 mL of the Derivatization solution. Recap, and shake/vortex for 20 s. After 3 min
add 5.5 mL of Diluent to each solution. Recap all tubes, and mix well. Leave each sample
to stand for 2 h before analyzing. Analyze the samples within 10 h after the waiting
period.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence, excitation 390 nm, emission 475 nm
Column: 4.6-mm × 150-mm; 4-µm L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability criteria
Sample: Derivatized standard solution 1
Resolution: NLT 1.5 between the allylamine and any nearest system peaks
Tailing factor: NMT 2.0
Relative standard deviation: NMT 5%
Analysis
Samples: Derivatized sample solutions
Calculate the amount of allylamine, in ppm, in the portion of sevelamer carbonate taken:
Result= [rU/(rU1

rU)] × (W2/W1)

rU= peak response of allylamine in Derivatized sample solution 1
rU1
= peak response of allylamine in Derivatized sample solution 2
W=
2 amount of allylamine in Sample solution 2 (µg)
W=
1 nominal weight of sevelamer carbonate in Sample solution 1 (g)
Acceptance criteria: NMT 10 ppm
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature in tightly closed containers.
Protect from moisture.
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• USP Reference Standards 11
USP Polyallylamine Hydrochloride RS
USP Sevelamer Carbonate RS
USP37

BRIEFING
Sevelamer Hydrochloride. Because there is no existing USP monograph for this drug
substance, a new monograph is being proposed based on validated test methods. The gas
chromatographic procedure in the test for Limit of Epichlorohydrin is based on analysis
performed using a Restek RTX-5 deactivated column of packing G27. The typical retention
time for the epichlorohydrin peak is about 4.5 min under the conditions specified for this
test. The liquid chromatographic procedure in the test for Limit of Allylamine is based on
analysis performed using a YMC J’sphere ODS-H80, 4-µm column of packing L1. The typical
retention time for allylamine is between 6 and 8 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C97732

Comment deadline: January 31, 2013
Add the following:
Sevelamer Hydrochloride

(C3 H7 N)m(C3 H5 ClO)n·xHCl
2-Propen-1-amine polymer with (chloromethyl)oxirane, hydrochloride;
Allylamine polymer with 1-chloro-2,3-epoxypropane, hydrochloride
[152751-57-0].
DEFINITION
Sevelamer Hydrochloride is a polyallylamine hydrochloride cross-linked with epichlorohydrin. A
portion of the amine is present as the hydrochloride salt with 40% amine hydrochloride and 60%
free amine with the content of free amine NLT 11.3 mmol/g and NMT 14.1 mmol/g, calculated
on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197A
ASSAY
• Total Titratable Amines
Sample solution: Stir 1 g of Sevelamer Hydrochloride in 12 mL of 1.0 N hydrochloric acid,
and add 38 mL of water for at least 40 min.
Titrimetric system
Mode: Direct titration
Titrant: 1.0 N sodium hydroxide
Endpoint detection: Potentiometric. [Note—Two endpoints are observed; the first one is
for neutralizing the hydrochloric acid, and the second one is for neutralizing the
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polymeric amine.]
Analysis
Calculate the amount of titratable amines (mmol/g) in the portion of Sevelamer
Hydrochloride ((C3 H7 N)m(C3 H5 ClO)n·xHCl) taken:
Result = [(V2

V1 ) × N]/W

V=
2 titrant volume consumed by the sample at the second endpoint (mL)
V=
1 titrant volume consumed by the sample at the first endpoint (mL)
N= normality of titrant (mEq/mL)
W= sample weight (g)
Acceptance criteria: 11.3–14.1 mmol/g on the dried basis
• Chloride Content
Sample solution: 400 mg of Sevelamer Hydrochloride in 45–75 mL of water. Add 2 mL of
nitric acid, and stir for 10 min.
Titrimetric system
(See Titrimetry 541 .)
Mode: Direct titration
Titrant: 0.1 N silver nitrate VS
Endpoint detection: Potentiometric
Analysis
Calculate the percentage of chloride in the portion of Sevelamer Hydrochloride
((C3 H7 N)m(C3 H5 ClO)n·xHCl) taken:
Result = [(V × N)/W] × F × 100
V= titrant volume consumed by the sample (mL)
N= normality of titrant (mEq/mL)
W
= sample weight (mg)
F= equivalency factor, 35.453 mg/mEq
Acceptance criteria: 15.0%–20.0% on the dried basis
IMPURITIES
• Residue on Ignition 281 : NMT 0.2%
• Heavy Metals, Method II 231 : NMT 20 ppm
• Limit of Epichlorohydrin
Internal standard stock solution: 24 µg/mL of toluene in acetonitrile
Internal standard solution: 2.4 µg/mL of toluene in acetonitrile from Internal standard
stock solution
Epichlorohydrin stock solution: 4 mg/mL of epichlorohydrin in acetonitrile
Standard solution 1: 2 µg/mL of epichlorohydrin and 2.4 µg/mL of toluene in acetronitrile
from Epichlorohydrin stock solution and Internal standard stock solution, respectively
Standard solution 2: 0.15 µg/mL of epichlorohydrin and 2.4 µg/mL of toluene in
acetronitrile prepared by diluting 1.5 mL of Standard solution 1 in a 20-mL volumetric flask
with Internal standard solution to volume
Sample solution: Add 2.0 mL of Internal standard solution to about 1 g of Sevelamer
Hydrochloride. Mix, centrifuge at 1500 rpm for 5 min, and pass through a suitable filter of
0.45-µm pore size. Analyze the filtrate within 24 h.
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Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: 30-m × 0.53-mm; 1.5-µm film of phase G 27
Temperatures
Injector: 225
Detector: 250
Column: See Table 1.
Table 1
Hold Time
Initial
Temperature
Final
at Final
Temperature
Ramp
Temperature
Temperature
( )
( /min)
( )
(min)
35
6
50
0
50
8
90
0
90
20
215
2
Carrier gas: Helium
Pressure: Constant, 5–5.5 psi
Split mode: Splitless
Injection volume: 1µL. [Note—0.5 µL can be used as needed depending on the inlet
type.]
System suitability
Sample: Standard solution 1
Suitability requirements
[Note—The relative retention times of epichlorohydrin and toluene are 1.0 and 1.2,
respectively.]
Resolution: NLT 1.5 between epichlorohydrin and toluene
Tailing factor: NMT 2.0 for epichlorohydrin
Analysis
Samples: Standard solution 2 and Sample solution
Determine the amount of epichlorohydrin in the portion of Sevelamer Hydrochloride taken
by comparing the peak response ratio of epichlorohydrin to the internal standard from
Standard solution 2 to that of the peak response ratio of epichlorohydrin to the internal
standard from the Sample solution.
Acceptance criteria: NMT 0.3 ppm
• Limit of Soluble Oligomers: All of the weights for Sevelamer Hydrochloride are calculated
on the dried basis.
Extraction solution: 0.4 N hydrochloric acid
Standard stock solution: 1 mg/mL of USP Polyallylamine Hydrochloride RS in Extraction
solution
Standard solution 1: 0.025 mg/mL of USP Polyallylamine Hydrochloride RS in Extraction
solution from Standard stock solution
Standard solution 2: 0.05 mg/mL of USP Polyallylamine Hydrochloride RS in Extraction
solution from Standard stock solution
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Sample solution 1: Suspend 250 mg of the Sevelamer Hydrochloride sample in 10.0 mL of
Extraction solution in a suitable test tube. Cap the test tube, vortex, and then shake for
30 min. Centrifuge at about 4500 rpm for 10 min, and pass through a suitable filter to give
approximately 3 mL of solution.
Sample solution 2: Suspend 250 mg of the Sevelamer Hydrochloride sample in 10.0 mL of
Standard solution 1 in a suitable test tube. Cap the test tube, vortex, and then shake for
30 min. Centrifuge at 4500 rpm for 10 min, and pass through a suitable filter to give
approximately 3 mL of solution.
Sample solution 3: Suspend 250 mg of the Sevelamer Hydrochloride sample in 10.0 mL of
Standard solution 2 in a suitable test tube. Cap the test tube, vortex, and then shake for
30 min. Centrifuge at about 4500 rpm for 10 min, and pass through a suitable filter to give
approximately 3 mL of solution.
Derivatization procedure: All samples must be analysed within 1 h of adding methanol to
the Blank solution.
Derivatized blank solution: To 1.0 mL of Extraction solution add 2.0 mL of a 2%
ninhydrin solution TS. Vortex, and shake for 10 min at 250 rpm on a 60 heated orbital
shaker. Remove from the shaker, and add 7.0 mL of methanol. Vortex, and allow it to
stand for 20 min. Use this solution to zero the instrument.
Derivatized standard solutions: Add 0.1 mL of Standard stock solution to 0.9 mL of
Extraction solution in three separate test tubes. Add 2.0 mL of a 2% ninhydrin solution
TS to each of the test tubes. Vortex, and shake for 10 min at 250 rpm on a 60 heated
orbital shaker. Remove from the shaker, and add 7.0 mL of methanol. Vortex, and allow
it to stand for 20 min.
Derivatized sample solutions: To 1.0 mL of Sample solution 1, Sample solution 2, and
Sample solution 3 add 2.0 mL of a 2% ninhydrin solution TS. Vortex, and shake for 10
min at 250 rpm on a 60 heated orbital shaker. After exactly 10 min remove from the
shaker, and add 7.0 mL of methanol. Vortex, and allow to stand for 20 min.
Instrumental conditions
Mode: Vis
Analytical wavelength: 570 nm
System suitability
Sample: Derivatized standard solutions
Suitability requirements
Mean absorbance: NLT 0.2
Relative standard deviation: NMT 5%
Analysis
Samples: Derivatized sample solutions
Using linear regression, calculate the slope, S, and intercept, I, from the plot of
absorbance versus the amount of USP Polyallylamine Hydrochloride RS, in ppm, added to
Sample solution 1, Sample solution 2, and Sample solution 3.
Calculate the percentage of soluble oligomers in the portion of Sevelamer Hydrochloride
taken:
Result = (I/S) × F
I= intercept from the linear regression
S= slope from the linear regression
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F= unit conversion factor from ppm to percent, 10,000
Acceptance criteria: NMT 0.1%
• Limit of Allyl Amine
Mobile phase: Dissolve 4.08 g of monobasic potassium phosphate and 2.08 g of phosphoric
acid in 600 mL of water. Add 400 mL of acetonitrile, and mix.
Diluent: Acetonitrile and water (50:50)
Extraction solution: 0.1 N hydrochloric acid
Standard stock solution: 1 mg/mL of allylamine in water
Standard solution: 1 ug/mL of allylamine in water from Standard stock solution
Derivatization solution: 0.3 mg/mL of fluorescamine in dimethyl sulfoxide
Sodium tetraborate solution: 14 mg/mL of sodium tetraborate decahydrate in water
(0.037 M). [Note—Sonication may be necessary for complete dissolution.]
Sample solution 1: Accurately weigh about 200 mg of Sevelamer Hydrochloride into a
suitable test tube. Add 10.0 mL of Extraction solution. Cap the test tube, seal, vortex,
and stir for 20 min. Centrifuge at 4500 rpm for 20 min, and pass through a suitable filter of
0.45-µm pore size.
Sample solution 2: Accurately weigh about 200 mg of Sevelamer Hydrochloride into a test
tube. Add 2.0 mL of the Standard solution and 8.0 mL of Extraction solution. Cap the test
tube, seal, vortex and stir for 20 min. Centrifuge at 4500 rpm for 20 min, and pass through
a suitable filter of 0.45-µm pore size.
Derivatization procedure
Standard solution for derivatization: In the following order add 2.0 mL of Sodium
tetraborate solution, 1.9 mL of water, and 100 µL of Standard solution to a suitable test
tube, and cap.
Sample solutions for derivatization: In the following order add 2.0 mL of Sodium
tetraborate solution, 1.0 mL of water, and 1.0 mL of Sample solution 1 or Sample
solution 2 extract into two separate test tubes, and cap.
Derivatized standard solution: Uncap the test tube for Standard solution for
derivatization, and add 0.5 mL of the Derivatization solution. Recap, and shake/vortex
for 20 s. After 3 min add 5.5 mL of Diluent, recap the test tube, mix, and allow it to
stand for 2 h before analyzing. Analyze the sample within 10 h after the waiting period.
Derivatized sample solution 1 and Derivatizated sample solution 2: For each of the
Sample solution 1 for derivatization and Sample solution 2 for derivatization, uncap the
test tube, and add 0.5 mL of the Derivatization solution. Recap, and shake/vortex for 20
s. After 3 min add 5.5 mL of Diluent to each of the test tubes. Recap the test tube, mix,
and allow it to stand for 2 h before analyzing. Analyze the sample within 10 h after the
waiting period.
Chromatographic system
(See Chromatography 621 .)
Mode: LC
Detector: Fluorescence, excitation 390 nm, emission 475 nm
Column: 4.6-m × 150-mm; 4-µm; L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Derivatized standard solution
Resolution: NLT 1.5 between the allylamine peak and any nearest system peak
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Tailing factor: NMT 2.0
Relative standard deviation: NMT 5%
Analysis
Samples: Derivatized sample solution 1 and Derivatized sample solution 2
Calculate the amount of allylamine, in ppm, in the portion of Sevelamer Hydrochloride
taken:
Result = [rU/(rU1

rU)] × (W2 /W1 )

rU= peak response of allylamine peak in Derivatized sample solution 1
rU1= peak response of allylamine peak in Derivatized sample solution 2
W=
2 amount of allylamine in Sample solution 2 (µg)
W=
1 amount of Sevelamer Hydrochloride in Sample solution 1 (g)
Acceptance criteria: NMT 5 ppm
SPECIFIC TESTS
• Loss on Drying 731
Sample: 1.5 g of Sevelamer Hydrochloride
Analysis: Spread the sample evenly over a sample pan, and place it in a halogen moisture
analyzer. Heat the sample at 120 for 7 min, and calculate the percentage loss on drying
from the difference between the initial and the final weight.
Acceptance criteria: NMT 8.0%
• Swell Index
Buffer: 1.75 g of sodium chloride and 19.19 g of N,N-bis(hydroxyethyl)-2aminoethanesulfonic acid (BES) in 200 mL of water. Adjust with 1 N sodium hydroxide to a
pH of 7.0, and then dilute with water to 300 mL. Do not back titrate.
Sample solution: Add about 100 mg of Sevelamer Hydrochloride and 5.0 mL of Buffer to a
suitable filtration unit containing a stir bar. Cap the unit, vortex for 30 s, and stir for 30
min. Centrifuge at 4500 rpm for 60 min, and separate the upper filtration unit.
Suitability requirements
Relative standard deviation: NMT 5% for triplicate samples
Analysis: Determine the swelling index of Sevelamer Hydrochloride:
Result = (W1
(W1 = W2

W4 )/W4
W3 )

W=
1 sample weight after centrifuging stage (g)
W=
4 sample weight (g)
W=
2 upper filtration unit weight after centrifuging stage (including cap and stirrer bar) (g)
W=
3 upper empty filtration unit weight (including cap and stirrer bar) (g)
Acceptance criteria: 6.2–8.4 on the dried basis
• Particle Size Determination, Light Diffraction Measurement of Particle Size 429
Acceptance criteria: Greater than or equal to 99.0% by volume greater than or equal to 3
µm
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in tight containers at controlled room temperature.
• USP Reference Standards 11
USP Polyallylamine RS
USP Sevelamer Hydrochloride RS
USP37

BRIEFING
Sevelamer Hydrochloride Tablets. Because there is no existing USP monograph for this drug
product, a new monograph is proposed based on the validated test methods. The liquid
chromatographic procedure in the test for Limit of Allylamine is based on the analysis
performed using a YMC J¢sphere ODS-H80 column of packing L1. The typical retention time
for allylamine is between 6–8 min.
(SM2: S. Ramakrishna.)
Correspondence Number—C97733

Comment deadline: January 31, 2013
Add the following:
Sevelamer Hydrochloride Tablets
DEFINITION
Sevelamer Hydrochloride Tablets contain NLT 90% and NMT 110% of the labeled amount of
sevelamer hydrochloride [(C3 H7 N)m(C3 H5 ClO)n·xHCl].
IDENTIFICATION
• A. Infrared Absorption 197A
Sample: Use a sample from NLT 10 powdered Tablets.
Acceptance criteria: The sample exhibits maxima, characteristic of sevelamer
hydrochloride as compared to that of a similar preparation of USP Sevelamer Hydrochloride
RS, at the following wave numbers: 3422, 2907, 2040, 1597, 1525, 1452, 1374, 1315,
1104 and 945 cm 1.
ASSAY
• Total Titratable Amines 541
Standard solution: 20 mg/mL of USP Sevelamer Hydrochloride RS prepared as follows. To 1
g of USP Sevelamer Carbonate RS, add 15 mL of 0.1N hydrochloric acid and 35 mL of
water. Stir for at least 40 min.
Sample solution: Nominally 18 mg/mL of sevelamer hydrochloride prepared as follows.
Finely powder NLT 10 Tablets, and weigh an amount equivalent to 1 g of sevelamer
hydrochloride in a suitable beaker. Add add 15 mL of 0.1N hydrochloric acid and 35 mL of
water to fill about 1/3 of the volume of the beaker, and stir for at least 40 min.
Titrimetric system
Mode: Direct titration
Titrant: 1.0 N sodium hydroxide
Endpoint detection: Potentiometric. [Note—Two endpoints are observed. The first one is
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for neutralizing the hydrochloric acid, and the second is for neutralizing the polymeric
amine.]
Analysis
Samples: Standard solution and Sample solution
Calculate separately the total titratable amines (mmol/g) in the Standard solution (A1) and
Sample solution (A2) taken:
Result (A2 or A1) = [(V2

V1) × N)]/W

V=
2 Titrant volume consumed by the Sample at the second endpoint (mL)
V=
1 Titrant volume consumed by the Sample at the first endpoint (mL)
N= normality of Titrant (mEq/mL)
W= sample weight in the Standard solution to calculate A1 or nominal weight of sevelamer
hydrochloride in the Sample solution to calculate A2, respectively (g)
Calculate the percentage of the labeled amount of sevelamer hydrochloride
[(C3 H7 N)m(C3 H5 ClO)n·xHCl] in the portion of Tablets taken:
Result = (A2/A1) × 100
A=
2 total titratable amine in the Sample solution (mmol/g)
A=
1 total titratable amine in the Standard solution (mmol/g)
Acceptance criteria: 90.0%–110.0%
PERFORMANCE TESTS
• Disintegration 701
Medium: Water
Time: NMT 30 min
• Uniformity of Dosage Units

905 : Meets the requirements

IMPURITIES
• Limit of Soluble Oligomers
[Note—Prepare all solutions on the same day of analysis.]
Extraction solution: 0.4 N hydrochloric acid
Standard stock solution: 1 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution
Standard solution 1: 0.025 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution from the Standard stock solution
Standard solution 2: 0.05 mg/mL of USP Polyallylamine Hydrochloride RS in the Extraction
solution from the Standard stock solution
Sample solution 1: Suspend an amount nominally equivalent to 250 mg, from NLT 10
powdered Tablets, of sevelamer hydrochloride in 10.0 mL of Extraction solution in a
suitable test tube. Cap and seal the test tube, vortex, and then shake for 30 min.
Centrifuge at about 4500 rpm for 10 more min, and pass through a suitable filter of
0.8/0.2-µm pore size to give approximately 3 mL of solution.
Sample solution 2: Suspend an amount nominally equivalent to 250 mg, from NLT 10
powdered Tablets, of sevelamer hydrochloride in 10.0 mL of Standard solution 1. Cap and
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seal the test tube, vortex, and then shake for 30 min. Centrifuge at about 4500 rpm for
10 more min, and pass through a suitable filter of 0.8/0.2-µm pore size to give
approximately 3 mL of solution.
Sample solution 3: Suspend an amount nominally equivalent to 250 mg, from NLT 10
powdered Tablets, of sevelamer hydrochloride in 10.0 mL of Standard solution 2. Cap and
seal the test tube, vortex, and then shake for 30 min. Centrifuge at about 4500 rpm for
10 more min, and pass through a suitable filter of 0.8/0.2-µm pore size to give
approximately 3 mL of solution.
Derivatization procedure: All samples must be analyzed within 1 h of adding methanol to
the Blank solution.
Derivatized blank solution: To 1.0 mL of Extraction solution, add 2.0 mL of a 2%
ninhydrin solution TS. Vortex, and shake for 10 min at 350 rpm on a 60 heated orbital
shaker. Remove from the shaker, and add 7.0 mL of methanol. Vortex, and allow it to
stand for 20 min. Use the Derivatized blank solution to zero the instrument.
Derivatized standard solutions: To 0.9 mL of Extraction solution in three separate test
tubes, add 0.1 mL of the Standard stock solution followed by 2.0 mL of a 2% ninhydrin
solution TS to each of the test tubes. Vortex, and shake for 10 min at 350 rpm on a 60
heated orbital shaker. Remove from the shaker, and add 7.0 mL of methanol. Vortex, and
allow it to stand for 20 min. The Derivatized standard solutions are prepared in
triplicate.
Derivatized sample solution(s): To 1.0 mL of Sample solution 1, Sample solution 2, and
Sample solution 3 add 2.0 mL of a 2% ninhydrin solution TS. Vortex, and shake for 10
min at 350 rpm on a 60 heated orbital shaker. After exactly 10 min remove from the
shaker, and add 7.0 mL of methanol. Vortex, and allow to stand for 20 min.
Instrumental conditions
Mode: Vis
Analytical wavelength: 570 nm
System suitability
Samples: Derivatized standard solutions
Suitability requirements
Mean absorbance: NLT 0.2; Au
Relative standard deviation: NMT 5%
Analysis
Samples: Derivatized sample solutions
Using linear regression, calculate the slope, S and intercept, I from the plot of absorbance
versus the amount of USP Polyallylamine Hydrochloride RS, in ppm, added to Sample
solution 1, Sample solution 2, and Sample solution 3.
Calculate the percentage of soluble oligomers in the portion of sevelamer hydrochloride
taken:
Result = (I/S) × F
I= intercept from the linear regression
S= slope from the linear regression
F= conversion factor to percentage, 10,000
Acceptance criteria: NMT 0.2%
• Limit of Allylamine
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Mobile phase: Dissolve 4.08 g of potassium phosphate, monobasic and 2.08 g phosphoric
acid in 600 mL of water, and add 400 mL of acetonitrile.
Diluent: Acetonitrile and water (50:50)
Extraction solution: 0.1 N hydrochloric acid
Standard stock solution: 1 mg/mL of allylamine in water
Standard solution 1: 1 µg/mL of allylamine in water from the Standard stock solution
Standard solution 2: 0.2 µg/mL of allylamine in the Extraction solution from Standard
solution 1
Derivatization solution: 0.3 mg/mL of fluorescamine in dimethyl sulfoxide
Sodium tetraborate solution: 14 mg/mL of sodium tetraborate decahydrate in water.
Sonication may be necessary for complete dissolution.
Sample solution 1: Accurately weigh an amount nominally equivalent to about 200 mg of
sevelamer hydrochloride from NLT 20 powdered Tablets into a suitable test tube. Add 10.0
mL of the Extraction solution. Vortex for at least 1 min, shake on a wrist action shaker for
30 min, and then vortex for another 1 min. Centrifuge at 4500 rpm for 20 min, and pass
the supernatant through a suitable filter of 0.45-µm pore size.
Sample solution 2: Accurately weigh an amount nominally equivalent to about 200 mg of
sevelamer hydrochloride from NLT 20 powdered Tablets into a test tube. Add 10.0 mL of
Standard solution 2. Vortex for at least 1 min, shake on a wrist action shaker for 30 min,
and then vortex for another 1 min. Centrifuge at 4500 rpm for 20 min, and pass the
supernatant through a suitable filter of 0.45-µm pore size.
Derivatization procedure
Standard solution for derivatization: In the following order add 2.0 mL of Sodium
tetraborate solution, 1.9 mL of water, and 100 µL of Standard solution 1 to a test tube
and cap.
Sample solutions for derivatization: In the following order add 2.0 mL of Sodium
tetraborate solution, 1.0 mL of water, and 1.0 mL of Sample solution 1 and Sample
solution 2 in separate test tubes and cap.
Derivatization procedure: For each of the above solutions uncap the test tube and add
0.5 mL of the derivatization solution. Recap, and shake/vortex for 20 s. After 3 min add
5.5 mL of Diluent to each solution. Recap all tubes, and mix well. Leave each sample to
stand for 2 h before analyzing. Analyze samples within 10 h after the waiting period.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Fluorescence, excitation 390 nm, emission 475 nm
Column: 4.6-mm × 150-mm; 4-µm L1
Flow rate: 1.5 mL/min
Injection volume: 10 µL
System suitability
Sample: Derivatized standard solution
Resolution: NLT 1.5 between the allylamine and any nearest system peaks
Tailing factor: NMT 2.0
Relative standard deviation: NMT 10%
Analysis
Samples: Derivatized sample solutions
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Calculate the amount of allylamine, in ppm, in the portion of sevelamer hydrochloride
taken:
Result= rU/(rU1

rU) × (W2/W1)

rU= peak response of allylamine in Derivatized sample solution 1
rU1
= peak response of allylamine in Derivatized sample solution 2
W=
2 amount of allylamine in Sample solution 2 (µg)
W=
1 nominal weight of sevelamer hydrochloride in Sample solution 1 (g)
Acceptance criteria: NMT 10 ppm
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store at controlled room temperature in tightly closed containers.
Protect from moisture.
• USP Reference Standards 11
USP Polyallylamine Hydrochloride RS
USP Sevelamer Hydrochloride RS
USP37

BRIEFING
Sodium Salicylate, USP 35 page 4670. As part of the USP monograph modernization initiative,
and on the basis of comments received, the following revisions are proposed:
1.
An IR-based Identification test A is added to strengthen the monograph.
2.
A USP Reference Standards section is added to include USP Sodium Salicylate RS, which
supports the proposed Identification test B.
3.
The monograph is redesigned to be consistent with current USP style.
(SM2: H. Cai.)
Correspondence Number—C70263

Comment deadline: January 31, 2013
Sodium Salicylate

C7 H5 NaO3

160.10

Benzoic acid, 2-hydroxy-, monosodium salt;
Monosodium salicylate
[54-21-7].
DEFINITION
Sodium Salicylate contains NLT 99.5% and NMT 100.5% of sodium salicylate (C7 H5 NaO3 ),
calculated on the anhydrous basis.
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IDENTIFICATION
Add the following:
• A. Infrared Absorption 197K

USP37

• B. Identification Tests—General, Salicylate and Sodium 191
Sample solution: 50 mg/mL of Sodium Salicylate in water
Acceptance criteria: Meets the requirements
ASSAY
• Procedure
Sample: 700 mg
Blank: 100 mL of acetic acid
Titrimetric system
Mode: Direct titration
Titrant: 0.1 N perchloric acid VS
End point: Visual
Analysis: Transfer the Sample into a 250-mL beaker. Add 100 mL of glacial acetic acid, stir
until the Sample is completely dissolved, add crystal violet TS, and titrate with Titrant.
Perform a blank determination, and make any necessary correction. Each mL of 0.1 N
perchloric acid is equivalent to 16.01 mg of sodium salicylate (C7 H5 NaO3 ).
Acceptance criteria: 99.5%–100.5% on the anhydrous basis
IMPURITIES
• Sulfite or Thiosulfate
Sample solution: 1.0 g of Sodium Salicylate in 20 mL of water
Analysis: Add 1 mL of hydrochloric acid to the Sample solution, and filter the liquid.
Acceptance criteria: NMT 0.15 mL of 0.10 N iodine is required to produce a yellow color in
the filtrate.
• Heavy Metals, Method I 231
Sample solution: Dissolve 2 g in 46 mL of water. Add, with constant stirring, 4 mL of 3 N
hydrochloric acid, filter, and use 25 mL of the filtrate.
Acceptance criteria: NMT 20 ppm
SPECIFIC TESTS
• Water Determination, Method I

921 : NMT 0.5%

ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed, light-resistant containers.
Add the following:
• USP Reference Standards
USP Sodium Salicylate RS

11

USP37

BRIEFING
Thioguanine Tablets, USP 35 page 4845. As part of the USP monograph modernization effort, it
is proposed to make the following changes:
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1.
The UV Identification test is replaced with IR Identification test A. Identification test B
is added based on the retention time agreement in the Assay.
2.
The UV Assay is replaced with a HPLC Assay adopted from the current monograph for
Thioguanine Tablets in the British Pharmacopoeia Volume III. The test for Organic
Impurities adopted from the current monograph for Thioguanine Tablets in the British
Pharmacopoeia Volume III is also added. The liquid chromatography procedure in the
Assay and test for Organic Impurities is based on analyses performed with a Waters
Atlantis dC18 brand of L1 column. The typical retention time for thioguanine is about
2.2 min.
3.
The Standard solution and Sample solution in the Dissolution test are revised based on
the current monograph for Thioguanine Tablets in the British Pharmacopoeia Volume
III. A calculation for Dissolution is also added.
4.
The storage condition is added to the Packaging and Storage section.
5.
The USP Guanine RS is added to the USP Reference Standards <11> section to support
the proposed revision in the test for Organic Impurities.
(SM3: F. Mao.)
Correspondence Number—C109721

Comment deadline: January 31, 2013
Thioguanine Tablets
DEFINITION
Thioguanine Tablets contain NLT 93.0% and NMT 107.0% of the labeled amount of thioguanine
(C5 H5 N5 S).
IDENTIFICATION
Delete the following:
• A. Ultraviolet Absorption
Sample solution: Acidic sample solution in Assay
Acceptance criteria: Sample solution exhibits maxima and minima at the same
wavelengths as that of a similar solution of USP Thioguanine RS, concomitantly
measured.
USP37

Add the following:
• A. Infrared Absorption 197K : Record the spectra over the range from 3000 cm-1 to
650 cm-1.
Sample: Shake a portion of the powdered Tablets equivalent to 0.5 g of thioguanine with
10 mL of 1 M sodium hydroxide, and filter. Acidify the filtrate with hydrochloric acid, filter,
and dissolve the precipitate in 25% ammonia water. Evaporate to dryness, and dry the
residue at 105 at a pressure not exceeding 0.1 psi for 5 h.

USP37

Add the following:
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP37
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ASSAY
Change to read:
• Procedure
Standard solution: 80 µg/mL of USP Thioguanine RS in sodium hydroxide solution (1 in
250)
Acidic standard solution: 4 µg/mL of USP Thioguanine RS in dilute hydrochloric acid (1 in
10) prepared as follows. Transfer 5.0 mL of Standard solution to a 100-mL volumetric
flask and add dilute hydrochloric acid (1 in 10) to volume.
Basic standard solution: 4 µg/mL of USP Thioguanine RS in 1 N sodium hydroxide
prepared as follows. Transfer 5.0 mL of Standard solution to a 100-mL volumetric flask
and add 10 mL of 1 N sodium hydroxide, and dilute with water to volume.
Sample solution: 80 µg/mL of thioguanine. Transfer equivalent to 40 mg of thioguanine,
from finely powdered Tablets (NLT 20), to a 500-mL volumetric flask. Add 50 mL of 1 N
sodium hydroxide, and allow to stand for 10 min, with frequent swirling. Dilute with water
to volume and pass a portion of the solution through a pledget of glass wool.
Acidic sample solution: 4 µg/mL of thioguanine in dilute hydrochloric acid (1 in 10)
prepared as follows. Transfer 5.0 mL of Sample solution to a 100-mL volumetric flask and
add dilute hydrochloric acid (1 in 10) to volume.
Basic sample solution: 4 µg/mL of thioguanine in 1 N sodium hydroxide prepared as
follows. Transfer 5.0 mL of Sample solution to a 100-mL volumetric flask and add 10 mL
of 1 N sodium hydroxide, and dilute with water to volume.
Spectrometric conditions
(See Spectrophotometry and Light-Scattering

851 .)

Mode: UV
Analytical wavelength: 348 nm
Cell: 1 cm
Blank: Basic standard solution and Basic sample solution
Analysis
Samples: Acidic standard solution and Acidic sample solution
Calculate the percentage of the labeled amount of thioguanine (C5 H5 N5 S) in the portion
of Tablets taken:
Result= (AU /AS) × (CS/CU ) × 100
A=
U absorbance of the Acidic sample solution
A=
S absorbance of the Acidic standard solution
CS= concentration of USP Thioguanine RS in the Acidic standard solution (µg/mL)
CU= nominal concentration of thioguanine in the Acidic sample solution (µg/mL)
Mobile phase: 6 g/L of anhydrous monobasic sodium phosphate in water adjusted with
phosphoric acid to a pH of 3.0
Diluent: 0.01 M sodium hydroxide
Standard stock solution: 0.4 mg/mL of USP Thioguanine RS in Diluent
Standard solution: 0.04 mg/mL of USP Thioguanine RS in Mobile phase from the
Standard stock solution
Sample stock solution: Nominally 0.4 mg/mL of thioguanine in Diluent prepared as
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follows. Transfer NLT 20 finely powdered Tablets, equivalent to 40 mg of thioguanine,
to a 100-mL volumetric flask. Add 70 mL of Diluent, and shake for 15 min. Dilute with
Diluent to volume.
Sample solution: 0.04 mg/mL of thioguanine in Mobile phase from the Sample stock
solution. Pass a portion of this solution through a suitable filter.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 248 nm
Column: 4.6-mm × 5-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0
Relative standard deviation: NMT 2.0%
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of thioguanine (C5 H5 N5 S) in the portion
of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of thioguanine in the Standard solution (mg/mL)
C=
U nominal concentration of thioguanine in the Sample solution (mg/mL)
USP37

Acceptance criteria: 93.0%–107.0%
PERFORMANCE TESTS
Change to read:
• Dissolution 711
Medium: Water; 900 mL
Apparatus 2: 50 rpm
Time: 45 min
Standard solution: 4.5 µg/mL of USP Thioguanine RS in 1 N sodium hydroxide
Sample solution: Sample per Dissolution 711 . Dilute with 0.1 N hydrochloric acid to a
concentration similar to the Standard solution.
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 348 nm
Sample solution: Pass a portion of the solution under test through a suitable filter.
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Transfer 2 mL of the filtrate and 2 mL of 1 M hydrochloric acid to a 20-mL volumetric
flask, and dilute with water to volume.
Standard solution: USP Thioguanine RS in 0.1 M hydrochloric acid with a concentration
similar to the Sample solution
Instrumental conditions
(See Spectrophotometry and Light-Scattering 851 .)
Mode: UV
Analytical wavelength: 348 nm
Blank: 0.1 M hydrochloric acid
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of the labeled amount of thioguanine (C5 H5 N5 S) dissolved:
Result = (AU/AS) × CS × V × D × (1/L) × 100
A=
U absorbance of the Sample solution
A=
S absorbance of the Standard solution
C=
S concentration of the Standard solution (mg/mL)
V= volume of the Medium, 900 mL
D= dilution factor for Sample solution, 10
L= label claim (mg/Tablet)
USP37

Tolerances: NLT 75% (Q) of the labeled amount of thioguanine (C5 H5 N5 S) is dissolved.
• Uniformity of Dosage Units

905 : Meet the requirements

IMPURITIES
Add the following:
• Organic Impurities
Mobile phase and Chromatographic system: Proceed as directed in the Assay.
Diluent: 0.01 M Sodium hydroxide
System suitability stock solution: 0.4 mg/mL each of USP Thioguanine RS and USP
Guanine RS in 10% (v/v) phosphoric acid. Sonicate to dissolve.
System suitability solution: 0.04 mg/mL each of USP Thioguanine RS and USP Guanine RS
in Mobile phase from the System suitability stock solution
Standard stock solution: 8 µg/mL of USP Thioguanine RS and 0.16 mg/mL of USP Guanine
RS in Diluent
Standard solution: 0.8 µg/mL of USP Thioguanine RS and 0.016 mg/mL of USP Guanine RS
in Mobile phase from the Standard stock solution
Sample solution: Nominally 0.4 mg/mL of thioguanine prepared as follows. Transfer NLT 20
finely powdered Tablets, equivalent to 40 mg of thioguanine, to a 100-mL volumetric flask.
Add 10 mL of Diluent, and sonicate for 5 min. Dilute with Mobile phase to volume. Pass a
portion of this solution through a suitable filter.
System suitability
Sample: System suitability solution
Suitability requirements
Resolution: NLT 3.0 between the thioguanine and guanine peaks, System suitability
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solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of guanine in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Guanine RS in the Standard solution (mg/mL)
C=
U nominal concentration of thioguanine in the Sample solution (mg/mL)
Calculate the percentage of any individual unspecified impurity in the portion of Tablets
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each unspecified impurity from the Sample solution
rS= peak response of thioguanine from the Standard solution
C=
S concentration of USP Thioguanine RS in the Standard solution (mg/mL)
C=
U nominal concentration of thioguanine in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. Disregard any impurity peak less than 0.1%.
Table 1
Relative
Acceptance
Retention
Criteria,
Name
Time
NMT (%)
Guaninea
0.5
4
Thioguanine
1.0
—
Any individual unspecified impurity
—
0.2
Total impurities
—
4.5
a 2-Amino-1,7-dihydro-6H-purin-6-one.
USP37

ADDITIONAL REQUIREMENTS
Change to read:
• Packaging and Storage: Preserve in tight containers.
Store at 15 –25 .

USP37

Change to read:
• USP Reference Standards 11
USP Guanine RS
2-Amino-1,7-dihydro-6H-purin-6-one.
C5 H5 N5 O
151.13 USP37
USP Thioguanine RS
BRIEFING
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Trandolapril and Verapamil Hydrochloride Extended-Release Tablets. Because there is no
existing USP monograph for this drug product, a new monograph is proposed based on the
validated test methods. The proposed liquid chromatographic procedures in the Assay and
the test for Dissolution are performed using the Inertsil ODS 3 brand of 3-µm column of
packing L1. The liquid chromatographic procedure for Organic Impurities, Procedure 1 is
performed using the Inertsil ODS 3V brand of 5-µm column of packing L1, and Organic
Impurities, Procedure 2 is performed using the Inertsil ODS brand of 3-µm column of packing
L1. The typical retention times for trandolapril and verapamil are about 17.5–22 min and 7–9
min, respectively, under the conditions for the Assay. The typical retention times for
trandolapril and verapamil using the Dissolution procedure are about 6.5 min and 3.8 min,
respectively. The typical retention time for trandolapril is about 16 min using Organic
Impurities, Procedure 2 and for verapamil is about 9.5 min using Organic Impurities,
Procedure 3.
(SM2: S. Ramakrishna.)
Correspondence Number—C99812

Comment deadline: January 31, 2013
Add the following:
Trandolapril and Verapamil Hydrochloride Extended-Release Tablets
DEFINITION
Trandolapril and Verapamil Hydrochloride Extended-Release Tablets contain NLT 90.0% and NMT
110.0% of the labeled amount of each trandolapril (C24 H34 N2 O5 ) and verapamil hydrochloride
(C27 H38 N2 O4 ·HCl).
IDENTIFICATION
• A. The retention time of the major peaks of the Sample solution corresponds to those of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Buffer: 7 mL/L of triethylamine. Adjust with phosphoric acid to a pH of 3.0.
Mobile phase: Acetonitrile, methanol, and Buffer (240:160:600)
Diluent: Methanol and water (80:20)
Standard solution: 20 µg/mL of USP Trandolapril RS and 24 µg/mL of USP Verapamil
Hydrochloride RS in Diluent prepared as follows. Add Diluent to USP Trandolapril RS and
USP Verapamil Hydrochloride RS to fill about 70% of the volume of the flask, sonicate to
facilitate dissolution, and then dilute with Diluent to volume.
Sample solution 1: Nominally 20 µg/mL of trandolapril from NLT 5 Tablets in Diluent
prepared as follows. Add Diluent to the sample, to fill about 50% of the volume of the
flask, and sonicate for 45 min with occasional swirling. Cool, and dilute with Diluent to
volume. Pass this solution through a suitable filter of 0.45-µm pore size.
Sample solution 2: Nominally 24 µg/mL of verapamil hydrochloride in Diluent from Sample
solution 1
Chromatographic system
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(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 216 nm
Column: 4.6-mm × 15-cm; 3-µm packing L1
Column temperature: 40
Flow rate: 1.3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Tailing factor: NMT 2.0 for both trandolapril and verapamil peaks
Relative standard deviation: NMT 2.0% for both trandolapril and verapamil peaks
Analysis
Samples: Standard solution, Sample solution 1, and Sample solution 2
Calculate the percentage of the labeled amount of trandolapril (C24 H34 N2 O5 ) and
verapamil hydrochloride (C27 H38 N2 O4 ·HCl) in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of trandolapril from Sample solution 1 or verapamil from Sample solution 2
rS= peak response of trandolapril or verapamil from the Standard solution
C=
S concentration of USP Trandolapril RS or USP Verapamil Hydrochloride RS in the Standard
solution (µg/mL)
C=
U nominal concentration of trandolapril in Sample solution 1 or verapamil hydrochloride
from Sample solution 2 (µg/mL)
PERFORMANCE TESTS
• Dissolution 711
For trandolapril
Medium: Water; 500 mL
Apparatus 2: 50 rpm
Time: 60 min
Buffer, Chromatographic system, and System suitability: Proceed as directed in the
Assay except for the following:
Injection volume: 100 µL
Flow rate: 1 mL/min
Mobile phase: Acetonitrile and Buffer (400:600)
Standard stock solution: Prepare 0.2 mg/mL of USP Trandolapril RS as follows. To USP
Trandolapril RS in a suitable volumetric flask, add acetonitrile, about 5% of the volume of
the flask, sonicate to dissolve, and then dilute with Medium.
Standard solution: (L/500) mg/mL in Medium from the Standard stock solution, where L
is the label claim, in mg/Tablet
Sample solution: Pass a portion of the solution under test through a suitable filter of
0.45-µm pore size.
Calculate the percentage of the labeled amount of trandolapril (C24 H34 N2 O5 ) dissolved:

PF 38(6): Nov.-Dec. 2012

586

Result = (rU/rS) × (CS/L) × V × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of the USP Trandolapril RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 500 mL
Tolerances: NLT 75% (Q) of the labeled amount of trandolapril (C24 H34 N2 O5 ) is
dissolved.
For verapamil hydrochloride
Acid stage medium: Dissolve 2.0 g of sodium chloride in 7.0 mL of hydrochloric acid, and
dilute to 1 L, 900 mL. [Note—The above solution has a pH of about 1.2.]
Buffer stage medium: 6.8 g/L of monobasic potassium phosphate and 0.9 g/L of sodium
hydroxide in water. Adjust with either 0.2 N sodium hydroxide or 0.2 N hydrochloric acid
to a pH of 6.8.
Apparatus 2: 50 rpm with suitable sinkers
Times: 1, 2, 3.5, 5, and 8 hr
Mobile phase: Acetonitrile and Buffer (400:600)
Buffer, Chromatographic system, and System suitability: Proceed as directed in the
Assay except for the following:
Injection volume: 10 µL
Flow rate: 1 mL/min
Detector: 278 nm
Standard stock solution: Prepare 1.34 mg/mL of USP Verapamil Hydrochloride RS as
follows. To USP Verapamil Hydrochloride RS in a suitable volumetric flask, add methanol,
about 20% of the volume of the flask, sonicate to dissolve, cool to room temperature,
and then dilute with water to volume.
Standard solution: (L/900) mg/mL in the respective Medium from the Standard stock
solution, where L is the label claim, in mg/Tablet
Sample solution: Withdraw 10 mL of solution at each time interval, and centrifuge at
2500 rpm for 5 min.
Calculate the percentage of the labeled amount of verapamil hydrochloride
(C27 H38 N2 O4 ·HCl) dissolved (QI ), at each time point:
Result Q1 = [(rU/rS) × (CS/L) × V] × 100
Result Q2 = [(rU/rS) × (CS/L) × (V
Result Q3.5 = [(rU/rS) × (CS/L) × (V
Result Q5 = [(rU/rS) × (CS/L) × (V

2VS) + (Q1 (VS/V) + (Q2 × VS)/(V
3VS) + (Q1 × (VS/V) + (Q2 × VS)/(V

VS)/(V
Result Q8 = [(rU/rS) × (CS/L) × (V
VS)/(V

VS) + (Q1 × (VS/V)] × 100

VS) + (Q3.5 ×

2VS)] × 100

4VS) + (Q1 × (VS/V) + (Q2 × VS/(V

2VS) + (Q5 × VS)/(V

rU= peak response from the Sample solution
rS= peak response from the Standard solution

VS)] × 100

3VS)] × 100

VS) + (Q3.5 ×
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C=
S concentration of USP Verapamil Hydrochloride RS in the Standard solution (mg/mL)
L= label claim (mg/Tablet)
V= volume of Medium, 900 mL
V=
S volume of the Sample solution withdrawn from the Medium (mL)
Tolerances: See Table 1.
Table 1
Time Acceptance Criteria
(h)
(% dissolved)
1
7–20
2
15–40
3.5
40–70
5
NLT 60
8
NLT 85
• Uniformity of Dosage Units

905 : Meet the requirements for content uniformity

IMPURITIES
• Organic Impurities, Procedure 1
Buffer 1: Prepare a mixture of 2.72 g/L of monobasic potassium phosphate and 3.5 g/L of
sodium 1-decane sulfonate. The pH of the resulting solution is about 4.68.
Buffer 2: Prepare a mixture of 2.72 g/L of monobasic potassium phosphate and 3 g/L of
sodium 1-octane sulfonate. Adjust with triethylamine to a pH of 6.6.
Diluent: Acetonitrile, methanol, and water (25:25:50)
Solution A: Acetonitrile and Buffer 1 (15:85)
Solution B: Acetonitrile, methanol, and Buffer 2 (70:7:30)
Solutuion C: Acetonitrile, methanol, and Buffer 2 (70:4:30)
Mobile phase: See Table 2.
Table 2
Time
Solution A Solution B Solution C
(min)
(%)
(%)
(%)
0
74
26
0
22
74
26
0
29
53
47
0
35
46
54
0
37
45
0
22
70
30
0
70
75
0
100
0
95
0
100
0
100
74
26
0
110
74
26
0
Trandolapril related compound A stock solution: 5 µg/mL of USP Trandolapril Related
Compound A RS prepared as follows. Add methanol to USP Trandolapril Related Compound
A RS to fill about 10% of the volume of the flask, and sonicate to dissolve. Cool, and
dilute with Diluent to volume.
System suitability solution: 0.125 mg/mL of USP Trandolapril RS and 0.15 µg/mL of USP
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Trandolapril Related Compound A RS in Diluent prepared as follows. Add methanol to USP
Trandolapril RS and USP Trandolapril Related Compound A RS to fill about 30% of the
volume of the flask, and sonicate to dissolve. Cool, and add appropriate amounts of
Trandolapril related compound A stock solution, and then dilute with Diluent to volume.
Standard solution: 1.2 µg/mL of USP Trandolapril RS in Diluent
Sample solution: Nominally 0.125 mg/mL of trandolapril in Diluent from NLT 10 finely
powdered Tablets prepared as follows. To an amount equivalent to 6.25 mg of trandolapril
in a 50-mL volumetric flask, add 30 mL of Diluent, and sonicate for 15 min with
intermittent and vigorous shaking. Cool, and dilute with Diluent to volume. Centrifuge the
resulting solution at 2500 rpm for 20 min, and pass through a suitable filter of 0.45-µm
pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 210 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 1 mL/min
Injection volume: 50 µL
Column temperature: 40
Run time: NLT 1.5 times the retention time of trandolapril for the Standard solution, and
NLT 7.0 times for the System suitability solution and the Sample solution
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 5.0 between trandolapril and trandolapril related compound A,
System suitability solution
Tailing factor: NMT 2.0 for trandolapril, System suitability solution
Relative standard deviation: NMT 5.0% for trandolapril, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity in the Sample solution
rS= peak response of trandolapril in the Standard solution
C=
S concentration of USP Trandolapril RS in the Standard solution (µg/mL)
C=
U concentration of trandolapril in the Sample solution (µg/mL)
Acceptance criteria: See Table 3.
Table 3

Name
Trandolapril related compound Ea,b
Trandolapril related compound Aa,c
Trandolapril

Relative
Retention
Time
0.16
0.59
1.00

Acceptance
Criteria,
NMT (%)
—
—
—
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—
Trandolapril isopropyl estera,d
1.98
—
Trandolapril related compound Ca,e
2.15
—
Trandolapril related compound Da,f
3.79
Any other individual unknown impurity
—
0.2
g
—
Total impurities
2.0
a Process related impurity, controlled in the drug substance.
b (2S,3aR,7aS)-1-[N-[(S)-1-Carboxy-3-phenylpropyl]-L-alanyl] hexahydro-2indolinecarboxylic acid.
c (2S,3aR,7aS)-1-[N-[(S)-1-Carboxy-3-phenylpropyl]-L-alanyl]hexahydro-2indolinecarboxylic acid 1--methyl ester.
d (2S,3aR,7aS)-1-[N-[(S)-1-Carboxy-3-phenylpropyl]-L-alanyl]hexahydro-2indolinecarboxylic acid 1-Isopropyl ester.
e (2S,3aR,7aS)-1-[N-[(S)-1-Carboxy-3-cyclohexylpropyl]-L-alanyl]hexahydro-2indolinecarboxylic acid 1-ethyl ester.
f (S)-Ethyl 2-[(3S,5aS,9aR,10aS)-3-methyl-1,4-dioxodecahydropyrazino[1,2-a]indol2(1H)-yl)]-4-phenylbutanoate.
g Total impurities include all process related and degradation impurities from both
procedure 1 and procedure 2.
• Organic Impurities, Procedure 2
Buffer: 6.8 g/L of monobasic potassium phosphate and 1.0 g/L of sodium 1-octane
sulfonate. Adjust with phosphoric acid to a pH of 2.5.
Diluent: Acetonitrile, methanol, and water (25:25:50)
Mobile phase: Acetonitrile and Buffer (33:67)
Verapamil related compound B stock solution: 0.05 mg/mL of USP Verapamil Related
Compound B RS in Diluent
System suitability solution: 1.25 mg/mL of USP Verapamil Hydrochloride RS and 5 µg/mL
of USP Verapamil Related Compound B RS in Diluent. Initially add Diluent to USP Verapamil
Hydrochloride RS to fill about 50% of the volume of the flask, and sonicate to dissolve.
Cool. and add appropriate amounts of Verapamil related compound B stock solution, and
then dilute with Diluent to volume.
Standard stock solution: 0.3 mg/mL of USP Verapamil Hydrochloride RS, in Mobile phase.
Initially add Mobile phase to about 70% of the volume of the flask, and sonicate to
dissolve. Cool, and dilute with Mobile phase to volume.
Standard solution: 0.12 mg/mL of USP Verapamil Hydrochloride RS in Mobile phase from
the Standard stock solution
Sample solution: Nominally 1.2 mg/mL of verapamil hydrochloride in Mobile phase from NLT
10 finely powdered Tablets prepared as follows. To an amount equivalent to 240 mg of
verapamil hydrochloride in a 200-mL volumetric flask, add 150 mL of Mobile phase, and
sonicate for 30 min with intermittent vigorous shaking. Cool, and dilute with Mobile phase
to volume. Pass through a suitable filter of 0.45-µm pore size.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: 278 nm
Column: 4.0-mm × 10-cm; 3-µm packing L1
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Flow rate: 1.2 mL/min
Injection volume: 10 µL
Column temperature: 30
Run time: NLT 1.6 times the retention time of verapamil for the Standard solution, and
NLT 3.0 times for the System suitability solution and the Sample solution
System suitability
Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between verapamil related compound B and verapamil, System
suitability solution
Relative standard deviation: NMT 5.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Tablets taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each impurity in the Sample solution
rS= peak response of the verapamil in the Standard solution
C=
S concentration of USP Verapamil Hydrochloride RS in the Standard solution (mg/mL)
C=
U nominal concentration of verapamil hydrochloride in the Sample solution (mg/mL)
Acceptance criteria
Any other individual unknown impurity: NMT 0.2%
Disregard peaks below 0.02%.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Protect from light, and store at controlled room temperature.
• USP Reference Standards 11
USP Trandolapril RS
USP Trandolapril Related Compound A RS
(2S,3aR,7aS)-1-[N-[(S)-1-Carboxy-3-phenylpropyl]-L-alanyl] hexahydro-2indolinecarboxylic acid 1-methyl ester.
C23 H32 N2 O5
416.51
USP Verapamil Hydrochloride RS
USP Verapamil Related Compound B RS
-[2-[[2-(3,4-Dimethoxyphenyl)-ethyl]methylamino]ethyl]-3,4-dimethoxy- -(1methylethyl)-benzeneacetonitrile monohydrochloride.
C26 H36 N2 O4 ·HCl
477.05
USP37

BRIEFING
Triclocarban. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analyses is proposed. The liquid chromatographic
procedure in the Assay is based on analyses performed with the Hypersil BDS C18 brand of
L1 column. The typical retention time for triclocarban is about 4.5 min. The liquid
chromatographic procedure in the test for Organic Impurities is based on analyses
performed with the Prodigy ODS brand of L1 column. The typical retention time for
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triclocarban in the test for Organic Impurities is about 5 min.
(SM1: L. Santos.)
Correspondence Number—C103366; C109141

Comment deadline: January 31, 2013
Add the following:
Triclocarban

C13 H9 Cl3 N2 O

315.58

Urea, N-(4-chlorophenyl)-N'-(3,4-dichlorophenyl)-;
3,4,4'-Trichlorocarbanilide;
1-(4-Chlorophenyl)-3-(3,4-dichlorophenyl)urea
[101-20-2].
DEFINITION
Triclocarban contains NLT 97.0% and NMT 103.0% of triclocarban (C13 H9 Cl3 N2 O), calculated on
the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile, methanol, water, and glacial acetic acid (400: 500: 300: 1.5)
System suitability solution: 0.1 mg/mL each of USP Triclocarban RS, USP Triclocarban
Related Compound A RS, and USP Triclocarban Related Compound C RS in acetonitrile
Standard solution: 0.1 mg/mL of USP Triclocarban RS in acetonitrile. The solution is stable
for 12 h.
Sample solution: 0.1 mg/mL of Triclocarban in acetonitrile. The solution is stable for 12 h.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 265 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1
Flow rate: 2 mL/min
Injection volume: 20 µL
System suitability
Samples: System suitability solution and Standard solution
[Note—The relative retention times for triclocarban related compound A, triclocarban, and
triclocarban related compound C are 0.7, 1.0, and 1.6, respectively.]
Suitability requirements
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Resolution: NLT 2.0 between triclocarban related compound A and triclocarban, NLT 2.0
between triclocarban and triclocarban related compound C, System suitability solution
Relative standard deviation: NMT 2.0%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of triclocarban (C13 H9 Cl3 N2 O) in the portion of Triclocarban
taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Triclocarban RS in the Standard solution (mg/mL)
C=
U concentration of Triclocarban in the Sample solution (mg/mL)
Acceptance criteria: 97.0%–103.0% on the dried basis
IMPURITIES
• Organic Impurities
Mobile phase: Acetonitrile, methanol, water, and glacial acetic acid (370:380:250:1)
Internal standard solution: 0.12 mg/mL of p-nitrochlorobenzene in methanol
Standard solution: 2 µg/mL each of USP Triclocarban RS, USP Triclocarban Related
Compound A RS, USP Triclocarban Related Compound C RS, USP Triclocarban Related
Compound D Mixture RS, and 2.4 µg/mL of p-nitrochlorobenzene from the Internal
standard solution. Dissolve and dilute with methanol to volume.
Sample solution: 0.2 mg/mL of Triclocarban and 2.4 µg/mL of p-nitrochlorobenzene from
the Internal standard solution. Dissolve and dilute with methanol to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 254 nm
Column: 4.6-mm × 15-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 1.3 mL/min
Injection volume: 20 µL
System suitability
Sample: Standard solution
Suitability requirements
Signal-to-noise ratio: NLT 10 for triclocarban related compound A, triclocarban related
compound C, and triclocarban related compound D mixture
Relative standard deviation: NMT 2.0% for triclocarban
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of each impurity in the portion of Triclocarban taken:
Result = (RU/RS) × (CS/CU) × 100
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RU= peak response ratio of each impurity to the internal standard from the Sample solution
RS= peak response ratio of corresponding specified impurity to the internal standard from
the Standard solution (use the triclocarban peak response ratio to calculate for any
individual impurity)
C=
S concentration of each impurity in the Standard solution (µg/mL)
C=
U concentration of Triclocarban in the Sample solution (µg/mL)
Acceptance criteria: See Table 1.
Table 1

Name

Relative
Retention
Time

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

p-Nitrochlorobenzenea
0.45
Triclocarban related compound Ab
0.64
Triclocarban
1.00
c
Triclocarban related compound C
1.66
d
Triclocarban related compound D mixture
2.72 and 3.25
Any other individual impurity
—
Total impurities
—
a Internal standard—for information only.
b 1,3-Bis(4-chlorophenyl)urea.
c 1,3-Bis(3,4-dichlorophenyl)urea.
d Consists of two components, triarylbiuret 1 and triarylbiuret 2. Triarylbiuret 1 is [3,5Bis(4-chlorophenyl)-1-(3,4-dichlorophenyl)biuret] with RRT of 2.72. Triarylbiuret 2 is
[1,5-Bis(4-chlorophenyl)-3-(3,4-dichlorophenyl)biuret] with RRT of 3.25. The acceptance
criteria is the sum of triarylbiuret 1 and triarylbiuret 2.
• Chloroanilines
Dimethylformamide solution: 5% dimethylformamide in 1 N hydrochloric acid
Sodium nitrite solution: 2.5 mg/mL of sodium nitrite in water
Ammonium sulfamate solution: 25 mg/mL of ammonium sulfamate in water
N-(1-naphthyl)ethylenediamine dihydrochloride solution: 10 mg/mL in water
Standard stock solution 1: 560 µg/mL of 3,4-dichloroaniline and 440 µg/mL of pchloroaniline dissolved in 2% of the final volume with the Dimethylformamide solution.
Dilute with 0.2 N hydrochloric acid to volume.
Standard stock solution 2: 56 µg/mL of 3,4-dichloroaniline and 44 µg/mL of p-chloroaniline
in 0.2 N hydrochloric acid from Standard stock solution 1
Standard stock solution 3: 5.6 µg/mL of 3,4-dichloroaniline and 4.4 µg/mL of pchloroaniline in 0.2 N hydrochloric acid from Standard stock solution 2
Standard stock solution 4: 0.56 µg/mL of 3,4-dichloroaniline and 0.44 µg/mL of pchloroaniline in 0.2 N hydrochloric acid from Standard stock solution 3
Standard solutions: Prepare Standard solution 1–9 as listed in Table 2. Transfer the
aliquot of the Standard stock solution to each individual 25-mL volumetric flask. Place all
flasks in an ice bath at 0 to 5 for 10 min. Add to each volumetric flask 1 mL of Sodium
nitrite solution, shake well, and let the solution stand for 10 min in the ice bath. Add to
each flask 1 mL of the Ammonium sulfamate solution, shake well, and allow the reaction
to take place for 10 min inside the ice bath. Add 2 mL of the N-(1-
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naphthyl)ethylenediamine dihydrochloride solution to each Standard solution 1–8, and
remove all volumetric flasks from the ice bath. Do not add the N-(1naphthyl)ethylenediamine dihydrochloride solution to Standard solution 9. Dilute all
solutions with 0.2 N hydrochloric acid to volume. Allow to stand for at least 30 s, and
measure the absorbance within 15 min.
Table 2
Volume of
Standard
Standard Stock
Standard Stock Concentration of Total
Solution
Solution Used
Solution (mL)
Chloroaniline (ppm)
1
Standard stock solution 4
2
20
2
Standard stock solution 4
5
50
3
Standard stock solution 4
10
100
4
Standard stock solution 4
15
150
5
Standard stock solution 3
2
200
6
Standard stock solution 3
3
300
7
Standard stock solution 3
4
400
8
Standard stock solution 3
5
500
9
Standard stock solution 3
5
0
Sample stock solution: Dissolve 500 mg of Triclocarban with 5 mL of the
Dimethylformamide solution in a 50-mL beaker, and shake the solution. Continue shaking
the solution while adding 15 mL of 0.2 N hydrochloric acid to precipitate the product, and
shake for 15 min. Filter the suspension into a 50-mL volumetric flask, and dilute with 0.2 N
hydrochloric acid to volume.
Sample solution: Transfer 10 mL of the Sample stock solution to a 25-mL volumetric flask,
and place in an ice bath at 0 to 5 for 10 min . Add 1 mL of the Sodium nitrite solution,
shake well, and let the solution stand for 10 min in the ice bath. Add 1 mL of the
Ammonium sulfamate solution, shake well, and allow to stand for 10 min. Add 1 mL of the
N-(1-naphthyl)ethylenediamine dihydrochloride solution, and remove the solution from the
ice bath. Dilute with 0.2 N hydrochloric acid to volume. Allow to stand for at least 30 s,
and measure the absorbance within 15 min.
Sample solution blank: Follow the procedure described in the preparation of the Sample
solution but do not add the N-(1-naphthyl)ethylenediamine dihydrochloride solution.
Instrumental conditions
Mode: UV
Analytical wavelength: 552 nm
Analysis
Samples: Standard solutions and Sample solution
Calibrate the absorbance to zero with Standard solution 9. Generate a calibration curve of
absorbance against concentration of total chloroaniline using the data from Standard
solutions 1–8. Determine the concentration, CS, in µg/mL, of chloroanilines in the Sample
solution using the calibration curve. Calculate the concentration, in ppm, of chloroanilines
in the portion of Triclocarban taken:
Result = (CS/CU) × F
C=S concentration of chloroanilines in the Sample solution (µg/mL)
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C=U concentration of Triclocarban in the Sample solution (µg/mL)
F= conversion factor to ppm (106)
Acceptance criteria: NMT 400 ppm
SPECIFIC TESTS
• Loss on Drying 731
Sample: Dry a sample at 110 for 4 h.
Acceptance criteria: NMT 0.2%
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed container. Store at ambient temperature
and humidity.
• USP Reference Standards 11
USP Triclocarban RS
USP Triclocarban Related Compound A RS
1,3-Bis(4-chlorophenyl)urea.
C13 H10 Cl2 N2 O
281.14
USP Triclocarban Related Compound C RS
1,3-Bis(3,4-dichlorophenyl)urea.
C13 H8 Cl4 N2 O
350.03
USP Triclocarban Related Compound D Mixture RS
Mixture of triarylbiuret 1 (3,5-Bis(4-chlorophenyl)-1-(3,4-dichlorophenyl)biuret and
triarylbiuret 2 (1,5-Bis(4-chlorophenyl)-3-(3,4-dichlorophenyl)biuret).
C20 H13 Cl4 N3 O2
469.15
USP37

BRIEFING
Trospium Chloride, USP 35 page 4968. On the basis of comments received, the proposed HPLC
procedure for the Limit of Related Compound C test, published in PF 38(1) [Jan.–Feb. 2012],
is being canceled and replaced with the updated method that uses USP Trospium Chloride
Related Compound C RS as a quantitative standard. The proposed liquid chromatographic
procedure is based on analyses performed with the Inertsil ODS 3V brand of L1 column. The
typical retention time for trospium chloride related compound C is about 2.5 min.
To strengthen the Identification section, it is also proposed to introduce Identification test C,
based on the retention time agreement of the Sample solution and Standard solution in the
Assay.
(SM3: E. Gonikberg.)
Correspondence Number—C118570

Comment deadline: January 31, 2013
Trospium Chloride
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427.96

Spiro [8-azoniabicyclo[3.2.1]octane-8,1¢-pyrrolidinium], 3-[(hydroxydiphenylacetyl)oxy]-,
chloride, (1R,3r,5S);
(1R,3r,5S)-3-[(Hydroxydiphenylacetyl)oxy]spiro[8-azoniabicyclo[3.2.1]octane-8,1¢pyrrolidinium] chloride
[10405-02-4].
DEFINITION
Trospium Chloride contains NLT 98.0% and NMT 102.0% of trospium chloride (C25 H30 ClNO3 ),
calculated on the dried basis.
IDENTIFICATION
• A. Infrared Absorption 197K
• B. Identification Tests—General, Chloride

191 : Meets the requirements

Add the following:
• C. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay. USP37
ASSAY
• Procedure
Mobile phase: Acetonitrile, triethylamine, phosphoric acid, and water (300:1:3:700)
System suitability solution: 0.01 mg/mL of USP Trospium Chloride RS and 0.003 mg/mL
each of USP Trospium Chloride Related Compound A RS and USP Trospium Chloride Related
Compound B RS in Mobile phase
Standard solution: 0.6 mg/mL of USP Trospium Chloride RS in Mobile phase
Sample solution: 0.6 mg/mL of Trospium Chloride in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 215 nm
Column: 4.6-mm × 25-cm; 5-µm packing L1. (Alternatively, a 4.6-mm × 25-cm column
that contains 5-µm packing L7 may be used.)
Column temperature: 40
Flow rate: 1 mL/min
Injection volume: 10 µL
System suitability
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Samples: System suitability solution and Standard solution
Suitability requirements
Resolution: NLT 3 between trospium chloride related compound B and trospium, System
suitability solution
Relative standard deviation: NMT 0.85% for six replicate injections, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of trospium chloride (C25 H30 ClNO3 ) in the portion of Trospium
Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
C=
S concentration of USP Trospium Chloride RS in the Standard solution (mg/mL)
C=
U concentration of Trospium Chloride in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the dried basis
IMPURITIES
• Residue on Ignition 281
Sample: 1 g
Acceptance criteria: NMT 0.1%
• Organic Impurities
Mobile phase: Proceed as directed in the Assay.
Standard solution: 0.01 mg/mL of USP Trospium Chloride RS and 0.003 mg/mL each of USP
Trospium Chloride Related Compound A RS and USP Trospium Chloride Related Compound B
RS in Mobile phase
Sample solution: 3.0 mg/mL of Trospium Chloride in Mobile phase
Chromatographic system: Proceed as directed in the Assay, except for the following
parameters.
Injection volume: 20 µL
Run time: NLT 3 times the retention time of trospium
System suitability
Sample: Standard solution
Suitability requirements
Resolution: NLT 3 between trospium chloride related compound B and trospium
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of trospium chloride related compound A and trospium chloride
related compound B in the portion of Trospium Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of trospium chloride related compound A or trospium chloride related
compound B from the Sample solution
rS= peak response of trospium chloride related compound A or trospium chloride related
compound B from the Standard solution
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C=
S concentration of trospium chloride related compound A or trospium chloride related
compound B in the Standard solution (mg/mL)
C=
U concentration of Trospium Chloride in the Sample solution (mg/mL)
Calculate the percentage of any other individual impurity in the portion of Trospium
Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of each individual impurity from the Sample solution
rS= peak response of trospium chloride related compound B from the Standard solution
C=
S concentration of USP Trospium Chloride Related Compound B RS in the Standard solution
(mg/mL)
C=
U concentration of Trospium Chloride in the Sample solution (mg/mL)
Acceptance criteria: See Table 1. The reporting level for impurities is 0.05%.
Table 1
Relative
Acceptance
Retention
Criteria,
Time
NMT (%)

Name
Trospium chloride related compound Ba
0.7–0.8
0.15
Trospium
1.0
—
Benzilic acid (trospium chloride related compound A) 1.9–2.8
0.15
Any other individual impurity
—
0.10
Total impurities
—
0.5
a (1R,3r,5S)-8-Azabicyclo[3.2.1]octan-3-yl hydroxydiphenylacetate.

Change to read:
• Limit of Trospium Chloride Related Compound C
System suitability solution: 0.5 mg/mL of USP Trospium Chloride RS and 0.5 mg/mL of
USP Trospium Chloride Related Compound C RS in methanol
Standard solution: 0.1 mg/mL of USP Trospium Chloride Related Compound C RS in
methanol
Sample solution: 100 mg/mL of Trospium Chloride in methanol
Chromatographic system
(See Chromatography

621 , Thin-Layer Chromatography.)

Mode: TLC
Plate: 0.25-mm layer of chromatographic silica gel mixture
Application volume: 10 µL
Developing distance: Two-thirds of the length of the plate
Developing solvent system: Acetonitrile, glacial acetic acid, and hydrochloric acid
(45: 1: 3.5)
Spray reagent 1: Use Dragendorff's TS.
Spray reagent 2: 5 g/L of sodium nitrite in water
System suitability
Sample: System suitability solution
Suitability requirements
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Resolution: The chromatogram shows two clearly visible and separated spots.
Analysis
Samples: Standard solution and Sample solution
Allow the spots to dry in a current of warm air until the odor of acetic acid is no longer
perceptible. Spray the plate with Spray reagent 1, and subsequently with Spray reagent
2.
Acceptance criteria: Any spot from the Sample solution corresponding to trospium
chloride related compound C is not more intense than the corresponding spot from the
Standard solution (0.1%).
Mobile phase: Acetonitrile, anhydrous formic acid, and water (20: 0.2: 80)
Diluent: Water
Standard solution: 0.1 mg/mL of USP Trospium Chloride Related Compound C RS in
Diluent, using sonication to dissolve
Sample solution: 100.0 mg/mL of Trospium Chloride in Diluent, using sonication to
dissolve. [Note—The solution is stable for 12 h.]
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 4.6-mm × 25-cm; 5-µm packing L1
Column temperature: 40
Flow rate: 0.8 mL/min
Injection volume: 10 µL
System suitability
Sample: Standard solution
Suitability requirements
Relative standard deviation: NMT 5.0% for six replicate injections
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of trospium chloride related compound C in the portion of
Trospium Chloride taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of trospium chloride related compound C from the Sample solution
rS= peak response of trospium chloride related compound C from the Standard solution
C=
S concentration of USP Trospium Chloride Related Compound C RS in the Standard
solution (mg/mL)
C=
U concentration of Trospium Chloride in the Sample solution (mg/mL)
Acceptance criteria: NMT 0.1%
USP37

SPECIFIC TESTS
• Loss on Drying 731
Analysis: Dry the sample at 105 to constant weight.
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Acceptance criteria: NMT 0.5%
• pH 791
Sample solution: 10 mg/mL of Trospium Chloride in carbon dioxide-free water
Acceptance criteria: 5.0–7.0
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Protect from light. Store at room temperature.
• USP Reference Standards 11
USP Trospium Chloride RS
USP Trospium Chloride Related Compound A RS
Benzilic acid.
C14 H12 O3
228.24
USP Trospium Chloride Related Compound B RS
Nortropane benzilate;
(1R,3r,5S)-8-Azabicyclo[3.2.1]octan-3-yl hydroxydiphenylacetate.
C21 H23 NO3
337.41
USP Trospium Chloride Related Compound C RS
Azoniaspironortropanol chloride;
(1R,3r,5S)-3-Hydroxyspiro[8-azoniabicyclo[3.2.1]octane-8,1¢-pyrrolidinium] chloride.
C11 H20 ClNO
217.74
BRIEFING
Zanamivir. Because there is no existing USP monograph for this drug substance, a new
monograph based on validated methods of analyses is being proposed. The liquid
chromatographic procedures in the Assay and the test for Organic Impurities are based on
analyses performed with the Asahipak NH2 P-50, brand of L## column. The typical retention
time for zanamivir in the Assay and the test for Organic Impurities is 8–11 min.
(SM1: L. Santos.)
Correspondence Number—C106525

Comment deadline: January 31, 2013
Add the following:
Zanamivir

C12 H20 N4 O7

332.31

d-glycero-d-galacto-Non-2-enonic acid, 5-(acetylamino)-4-[(aminoiminomethyl)amino]-2,6-
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anhydro-3,4,5-trideoxy-;
5-Acetamido-2,6-anhydro-3,4,5-trideoxy-4-guanidino-d-glycero-d-galacto-non-2-enonic
acid
[139110-80-8].
DEFINITION
Zanamivir contains NLT 98.0% and NMT 102.0% of zanamivir (C12 H20 N4 O7 ), calculated on the
anhydrous and solvent-free basis.
IDENTIFICATION
• A. Infrared Absorption 197
Methods described in Infrared Absorption

197K or

197M

may be used.

Wavenumber range: 4000 cm 1 to 400 cm 1
• B. The retention time of the major peak of the Sample solution corresponds to that of the
Standard solution, as obtained in the Assay.
ASSAY
• Procedure
Mobile phase: Acetonitrile and 7.5 mM sulfuric acid (60:40). Adjust with ammonia TS to a
pH of 6.2.
Resolution solution: Prepare 2.5 µg/mL of talo-zanamivir and 0.05 mg/mL of zanamivir from
USP Zanamivir Resolution Mixture RS in Mobile phase.
Standard solution: 0.045 mg/mL of USP Zanamivir RS in Mobile phase
Sample solution: 0.045 mg/mL of zanamivir in Mobile phase
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 234 nm
Column: 4.6-mm × 25-cm; 5-µm packing L##
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Samples: Resolution solution and Standard solution
Suitability requirements
Resolution: NLT 1.5 between talo-zanamivir and zanamivir, Resolution solution
Relative standard deviation: NMT 1.5%, Standard solution
Analysis
Samples: Standard solution and Sample solution
Calculate the percentage of zanamivir (C12 H20 N4 O7 ) in the portion of Zanamivir taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response from the Sample solution
rS= peak response from the Standard solution
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C=
S concentration of USP Zanamivir RS in the Standard solution (mg/mL)
C=
U concentration of Zanamivir in the Sample solution (mg/mL)
Acceptance criteria: 98.0%–102.0% on the anhydrous and solvent-free basis
IMPURITIES
• Organic Impurities
Mobile phase: Proceed as directed in the Assay.
System suitability solution: Prepare 0.45 mg/mL of zanamivir and 9 µg/mL each of
imidazole, imidazole carboximidamide, zanamivir urea analog, 4-amino zanamivir, 4biguanide zanamivir, and talo-zanamivir from USP Zanamivir Related Compounds Mixture RS
in Mobile phase.
Sample solution: 0.45 mg/mL of Zanamivir prepared as follows. Dissolve the sample using
40% of the final volume with water, and dilute with acetonitrile to volume.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: UV 210 nm and 234 nm
Column: 4.6-mm × 25-cm; 5-µm packing L##
Column temperature: 30
Flow rate: 1.5 mL/min
Injection volume: 20 µL
System suitability
Sample: System suitability solution
Suitability requirements:
Resolution: NLT 1.5 between the peaks of talo-zanamivir and zanamivir at 234 nm
Analysis
Sample: Sample solution
Calculate the percentage of imidazole in the portion of Zanamivir taken:
Result = [(ri/F)/(ri/F + rz)] × 100
r=
i peak response of imidazole at 210 nm
F= relative response factor for imidazole (see Table 1)
r=
z peak response of zanamivir at 210 nm
Calculate the percentage of imidazole carboximidamide and 4-biguanide zanamivir in the
portion of Zanamivir taken:
Result = [(ri/F)/(ri/F + rz)] × 100
r=
i peak response of imidazole carboximidamide or 4-biguanide zanamivir at 234 nm
F= relative response factor for imidazole carboximidamide or 4-biguanide zanamivir (see
Table 1)
r=
z sum of the responses of all the peaks including the zanamivir peak at 234 nm
Calculate the percentage of O-triazinyl zanamivir, zanamivir urea analog, 4-amino
zanamivir, talo-zanamivir, zanamivir dimer, and any other unspecified impurity in the
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portion of Zanamivir taken:
Result = (rU/rT) × 100
r=
U peak response of O-triazinyl zanamivir, zanamivir urea analog, 4-amino zanamivir,
talo-zanamivir, zanamivir dimer, or any other unspecified impurity at 234 nm
r=
T sum of the responses of all the peaks including the zanamivir peak at 234 nm
Acceptance criteria: See Table 1.

Name

Table 1
Relative
Retention
Time

Relative
Response
Factor

Acceptance
Criteria,
NMT (%)
—
0.01
0.3
0.2
0.2
0.2
—
—
0.5
0.1
1.2

Imidazolea
0.26
2.5
b
Imidazole carboximidamide
0.30
3.3
O-Triazinyl zanamivirc
0.60
—
d
Zanamivir urea analog
0.70
—
e
4-Amino zanamivir
0.77
—
4-Biguanide zanamivirf
0.83
1.6
Zanamivir
1.00
—
talo-Zanamivirg
1.14
—
h
Zanamivir dimer
2.75
—
Any other unspecified impurity
—
—
Total impurities
—
—
a 1H-Imidazole (No individual limit. Included in the determination of total impurities.)
b 1H-Imidazole-1-carboximidamide.
c 5-Acetamido-9-O-[4-amino-6-(1H-pyrazol-1-yl)-1,3,5-triazin-2-yl]-2,6-anhydro-3,4,5trideoxy-4-guanidino-d-glycero-d-galacto-non-2-enonic acid.
d 5-Acetamido-9-O-[4-amino-6-(1H-pyrazol-1-yl)-1,3,5-triazin-2-yl]-2,6-anhydro-3,4,5trideoxy-4-ureido-d-glycero-d-galacto-non-2-enonic acid.
e 5-Acetamido-9-O-[4-amino-6-(1H-pyrazol-1-yl)-1,3,5-triazin-2-yl]-2,6-anhydro-3,4,5trideoxy-4-amino-d-glycero-d-galacto-non-2-enonic acid.
f 5-Acetamido-9-O-[4-amino-6-(1H-pyrazol-1-yl)-1,3,5-triazin-2-yl]-2,6-anhydro-3,4,5trideoxy-4-(1-biguanidyl)-d-glycero-d-galacto-non-2-enonic acid.
g 5-Acetamido-2,6-anhydro-3,4,5-trideoxy-4-guanidino-d-glycero-d-talo-non-2-enonic
acid (No individual limit. Included in the determination of total impurities.)
h 4,4'-(2-Amino-4-oxo-1,3,5-triazapent-2-ene-1,5-diyl) bis(5-acetamido-2,6-anhydro3,4,5-trideoxy-d-glycero-d-galacto-non-2-enonic acid.)
SPECIFIC TESTS
• Optical Rotation, Specific Rotation 781S
Sample solution: 10 mg/mL in water
Acceptance criteria: +36.0 to +38.0 , measured at 20 , determined on the anhydrous
and solvent-free basis
• Water Determination, Method Ic

921 : 4.0%–9.0%
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ADDITIONAL REQUIREMENTS
• Packaging and Storage: Store in a well-closed container at controlled room temperature.
• USP Reference Standards 11
USP Zanamivir RS
USP Zanamivir Related Compounds Mixture RS
This Reference Standard is a mixture of zanamivir, imidazole, imidazole carboximidamide,
zanamivir urea analog, 4-amino zanamivir, 4-biguanide zanamivir, talo-zanamivir, and
zanamivir dimer. The chemical names are given below:
Imidazole: 1H-Imidazole.
Imidazole carboximidamide: 1H-Imidazole-1-carboximidamide.
Zanamivir urea analog: 5-Acetamido-9-O-[4-amino-6-(1H-pyrazol-1-yl)-1,3,5-triazin2-yl]-2,6-anhydro-3,4,5-trideoxy-4-ureido-d-glycero-d-galacto-non-2-enonic acid.
4-Amino zanamivir: 5-Acetamido-9-O-[4-amino-6-(1H-pyrazol-1-yl)-1,3,5-triazin-2yl]-2,6-anhydro-3,4,5-trideoxy-4-amino-d-glycero-d-galacto-non-2-enonic acid.
4-Biguanide zanamivir: 5-Acetamido-9-O-[4-amino-6-(1H-pyrazol-1-yl)-1,3,5-triazin2-yl]-2,6-anhydro-3,4,5-trideoxy-4-(1-biguanidyl)-d-glycero-d-galacto-non-2-enonic
acid.
talo-Zanamivir: 5-Acetamido-2,6-anhydro-3,4,5-trideoxy-4guanidino-d-glycero-d-talo-non-2-enonic acid.
Zanamivir dimer: 4,4'-(2-Amino-4-oxo-1,3,5-triazapent-2-ene-1,5-diyl) bis(5acetamido-2,6-anhydro-3,4,5-trideoxy-d-glycero-d-galacto-non-2-enonic acid.)
USP Zanamivir Resolution Mixture RS
This Reference Standard is a mixture of zanamivir and talo-zanamivir.
USP37
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Stage 4 Harmonization
This section contains monographs or chapters undergoing harmonization by the Pharmacopeial
Discussion Group (PDG). The PDG consists of the United States Pharmacopeia (USP), the
European Pharmacopoeia (EP), and the Japanese Pharmacopoeia (JP). The process of
harmonization consists of several steps (Stages 1 through 7, as defined below). Stage 4 drafts
are available for comments. Below are descriptions of the developmental Stages as defined by
the United States Pharmacopeia, the European Pharmacopoeia, and the Japanese
Pharmacopoeia.
Stage 1: Identification The PDG identifies items to be harmonized and designates a
coordinating pharmacopeia for each item. The PDG distributes the work by consensus among
the three participating pharmacopeias. Harmonization may be carried out retrospectively for
existing monographs or chapters, or prospectively for new monographs or chapters.
Stage 2: Investigation The investigation process conducted by the coordinating
pharmacopeia results in the preparation of a Stage 3 draft monograph or chapter accompanied
by a report giving the rationale for the proposal and including validation data where
appropriate. This report is based on input that comes from users, authorities, producers,
associations, literature, experts, and staff.
Stage 3: Proposal The Stage 3 draft is reviewed and commented on by the other two
pharmacopeias. The coordinating pharmacopeia reviews those comments, prepares a
harmonized Stage 4 draft, and sends it to the other two participating pharmacopeias.
Stage 4: Official Inquiry The Stage 4 draft is published in the Forum of each pharmacopeia.
In PF, this stage appears as OFFICIAL INQUIRY STAGE 4 in the Harmonization section. Each
pharmacopeia analyzes the comments it receives and submits the consolidated comments to
the coordinating pharmacopeia, which then reviews those comments, prepares a harmonized
Stage 5A draft, and sends it to the other two participating pharmacopeias.
Stage 5: Consensus
A. Provisional
The Stage 5A draft is reviewed and commented on by the other two pharmacopeias. When
consensus is reached, a CONSENSUS STAGE 5B document is prepared by the coordinating
pharmacopeia.
B. Final
The Stage 5B draft (consensus document) is sent by the coordinating pharmacopeia to the
other two participatingpharmacopeias for final approval.
Stage 6: Adoption Each pharmacopeia incorporates the harmonized Stage 5B draft according
to its own procedure. Adopted items are published by the three pharmacopeias in their
Supplements or, where applicable, in a new edition of their Pharmacopeias.
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Stage 7: Date of Implementation The pharmacopeias inform each other of the date of
implementation in the particular region.
BRIEFING
Dextrose. The European Pharmacopoeia is the coordinating pharmacopeia for the international
harmonization of the compendial standards for the Dextrose monograph, as part of the
process of international harmonization of monographs and general analytical methods of the
European, Japanese, and United States pharmacopeias. The following monograph, which
represents the OFFICIAL INQUIRY STAGE 4, Rev 1 document, is based in part on
comments from the Japanese Pharmacopoeia and the United States Pharmacopeia, in
response to the OFFICIAL INQUIRY STAGE 4 draft, prepared by the European Pharmacopoeia
and published in PF 34(6) [Nov.–Dec. 2008]. Differences between the OFFICIAL INQUIRY
STAGE 4, Rev 1 document and the OFFICIAL INQUIRY STAGE 4 draft from PF 34(6), include
the following:
1.
Added a Water Determination test in Identification to distinguish between the
anhydrous and monohydrate forms.
2.
The limit for Soluble Starch, Sulfites was decreased an order of magnitude to 15 ppm to
comply with the limit in the European legislation.
(EXC: K. Moore.)
Correspondence Number—C121380

Comment deadline: January 31, 2013
Add the following:
Dextrose

C6 H12 O6
180.16
C6 H12 O6 ·H2 O
198.17
Anhydrous
[5996-10-1].
d-Glucose monohydrate
[50-99-7].
DEFINITION
Dextrose is (+)-d-glucopyranose and is derived from starch. It contains one molecule of water
of hydration or is anhydrous. It contains NLT 97.5% and NMT 102.0%, calculated on the
anhydrous basis.
IDENTIFICATION
• A. Infrared Absorption 197
• B.
Analysis: Examine the chromatograms from the Assay.
Acceptance criteria: The principal peak from the Sample solution is similar in retention
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time and size to the principal peak from Standard solution A.
• C. Water Determination 921
Samples
Anhydrous: 0.50 g
Monohydrate: 0.25 g
Acceptance criteria
Anhydrous: NMT 1.0%
Monohydrate: 7.5%–9.5%
ASSAY
• Procedure
Mobile phase: Water
Standard solution A: 30 mg/mL of USP Dextrose RS
System suitability solution: Dissolve 5 mg of USP Maltose RS, 5 mg of USP Maltotriose
RS, and 5 mg of USP Fructose RS in water, and dilute with water to 50.0 mL.
Sample solution: 30 mg/mL determined on the anhydrous basis
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: LC
Detector: Refractive index
Column: 7.8-mm × 30-cm; 9-µm packing L191
Temperatures
Column: 85 ± 1
Detector: 40
Flow rate: 0.3 mL/min
Injection volume: 20 µL
Run time: 1.5 times the retention time of dextrose
System suitability
Sample: System suitability solution
[Note—The relative retention times for maltotriose, maltose, isomaltose, dextrose, and
fructose are 0.7, 0.8, 0.8, 1.0, and 1.3, respectively. The retention time for dextrose is
about 21 min.]
Suitability requirements
Resolution: NLT 1.3 between maltotriose and maltose
Analysis
Samples: Standard solution A and Sample solution
Calculate the percentage, on the anhydrous basis, of C6 H12 O6 in the portion taken:
Result = (rU/rS) × (CS/CU) × 100
rU= peak response of dextrose from the Sample solution
rS= peak response of dextrose from Standard solution A
C=
S concentration of USP Dextrose RS in Standard solution A (mg/mL)
C=
U concentration of the Sample solution (mg/mL) on the anhydrous basis
Acceptance criteria: 97.5%–102.0% calculated on the anhydrous basis
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IMPURITIES
• Related Substances
Mobile phase, Standard solution A, System suitability solution, and Chromatographic
system: Proceed as directed in the Assay.
Sample solution: 30 mg/mL
Standard solution B: Dilute 1.0 mL of the Sample solution with water to 250.0 mL.
Standard solution C: Dilute 25.0 mL of Standard solution B with water to 200.0 mL.
System suitability
Sample: System suitability solution
[Note—The relative retention times for maltotriose, maltose, isomaltose, dextrose, and
fructose are 0.7, 0.8, 0.8, 1.0, and 1.3, respectively. The retention time for dextrose is
about 21 min.]
Suitability requirements
Resolution: NLT 1.3 between maltotriose and maltose
Analysis
Samples: Standard solution A, Standard solution B, Standard solution C, and Sample
solution
Disregard any peak with an area less than the principal peak from Standard solution C
(0.05%).
Acceptance criteria
Maltose and isomaltose: 0.4%; the sum is NMT the area of the principal peak from
Standard solution B.
Maltotriose: 0.2%; NMT 0.5 times the area of the principal peak from Standard solution B
Fructose: 0.15%; NMT 3 times the area of the principal peak from Standard solution C
Unspecified: 0.10%; NMT twice the area of the principal peak from Standard solution C
Total: 0.5%; NMT 1.25 times the area of the principal peak from Standard solution B
SPECIFIC TESTS
• Color and Clarity of Solution
Reference solution: To 2.5 mL of cobaltous chloride CS, 6.0 mL of ferric chloride CS, and
1.0 mL of cupric sulfate CS add hydrochloric acid (10 g/L HCl) to make 1000.0 mL.
Hydrazine sulfate solution: Dissolve 1.0 g of hydrazine sulfate in water, and dilute to
100.0 mL. Allow to stand for 4–6 h
Hexamethylenetetramine solution: In a 100-mL ground glass-stoppered flask, dissolve
2.5 g of hexamethylenetetramine in 25.0 mL of water.
Primary opalescent suspension: To the Hexamethylenetetramine solution in the flask
add 25.0 mL of the Hydrazine sulfate solution. Mix, and allow to stand for 24 h. This
suspension is stable for 2 months, provided it is stored in a glass container free from
surface defects. The suspension must not adhere to the glass and must be well mixed
before use.
Standard of opalescence: Dilute 15.0 mL of the Primary opalescent suspension to 1000.0
mL with water. This suspension is freshly prepared and may be stored for up to 24 h.
Reference suspension: To 5.0 mL of the Standard of opalescence add 95.0 mL of water.
Mix, and shake before use.
Sample solution: Dissolve 10.0 g in 15 mL of water using a bath of boiling water. Allow to
cool.
Analysis: Make the comparison by viewing the solutions downward in matched colorcomparison tubes against a white surface (see Spectrophotometry and Light–Scattering
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851 , Visual Comparison).
Acceptance criteria: The Sample solution is clear (its clarity is the same as that of water
or its opalescence is not more pronounced than that of the Reference suspension), and
has no more color than the Reference solution.
• Conductivity
Sample solution: Dissolve 20.0 g in carbon dioxide-free water prepared from distilled
water, and dilute with the same solvent to 100.0 mL.
Analysis: Measure the conductivity of the solution while gently stirring with a magnetic
stirrer.
Acceptance criteria: NMT 20 µS/cm at 25
• Dextrin
Sample: 1 g finely powdered
Analysis: Reflux the Sample with 20 mL of alcohol.
Acceptance criteria: The Sample dissolves completely.
• Soluble Starch, Sulfites
Sample solution: Dissolve 10.0 g of Dextrose in 15 mL of water using a bath of boiling
water. Allow to cool.
Analysis: To the Sample solution add 50 µL of iodine TS.
Acceptance criteria: The resulting solution is yellow.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• Labeling: Label to indicate whether it is hydrous or anhydrous.
• USP Reference Standards
USP Dextrose RS
USP Fructose RS
USP Maltose RS
USP Maltotriose RS

11

1 Aminex HPX-87C from Biorad is suitable.

BRIEFING
Ethylcellulose. The European Pharmacopeia is the coordinating pharmacopeia for the
international harmonization of the compendial standards for the Ethylcellulose monograph, as
part of the process of international harmonization of monographs and general analytical
methods of the European, Japanese, and United States pharmacopeias. The following
monograph, which represents the OFFICIAL INQUIRY STAGE 4 document, includes the
following changes from the current USP Ethylcellulose monograph:
Definition. Add the statement “It may contain a suitable antioxidant.”
Labeling. The label states the name and amount of any added antioxidant.
Assay. In line with the procedure described for the Assay in the draft harmonized
monographs for Hydroxyethylcellulose, Hydroxypropyl Cellulose, and Low Substituted
Hydroxypropyl Cellulose, a revised procedure for determination of the assay using a
capillary column is included.
(EXC: K. Moore.)
Correspondence Number—C43501
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Comment deadline: January 31, 2013
Add the following:
Ethylcellulose
Cellulose, ethyl ether;
Cellulose ethyl ether
[9004-57-3].
DEFINITION
Ethylcellulose is a partly O-ethylated cellulose. It contains NLT 44.0% and NMT 51.0% of
ethoxy (–OC2 H5 ) groups, calculated on the dried basis. It may contain a suitable antioxidant.
IDENTIFICATION
• A. Infrared Absorption 197K
ASSAY
• Procedure
Internal standard solution: n-Octane in o-xylene (1 in 200)
Sample solution: Weigh accurately 30 mg of ethylcellulose, previously dried, transfer to
the reaction vial, add 60 mg of adipic acid, 2.0 mL of the Internal standard solution, and
1.0 mL of hydriodic acid, stopper the vial tightly, and weigh accurately. Place the vial in
an oven or heat in a suitable heater with continuous stirring maintaining an internal
temperature of 115 ± 2 for 70 min. Allow the vial to cool, and weigh accurately. If the
difference of the total mass before heating to the total mass after heating is more than
10 mg, prepare a new test solution. After phase separation, pierce through the septum of
the vial with a cooled syringe, and withdraw a sufficient volume of the upper phase as the
Sample solution.
Standard solution: Add 60 mg of adipic acid, 2.0 mL of the Internal standard solution, and
1.0 mL of hydriodic acid, stopper the vial tightly, and weigh accurately. Add 25 µL of
iodoethane, and again weigh accurately, and mix. After phase separation, pierce through
the septum of the vial with a cooled syringe, and withdraw a sufficient volume of the
upper phase as the Standard solution.
Chromatographic system
(See Chromatography 621 , System Suitability.)
Mode: GC
Detector: Flame ionization
Column: Fused silica, 0.53-mm × 30-m; bonded with 3-µm layer of G1. [Note—Use a
guard column, if necessary.]
Temperatures
Injection port: 250
Detector: 280
Column: See Table 1.
Table 1
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Initial
Temperature
Temperature
Ramp
( )
( /min)

Final
Hold Time at Final
Temperature
Temperature
( )
(min)

50
0
50
3
50
10
100
0
100
34.9
250
8
Flow rate: 4.2 mL/min
Carrier gas: Helium
Split ratio: 40:1
Injection volume: 1 µL
System suitability
[Note—The relative retention time for iodoethane is about 0.6. The retention time for noctane is about 10 min.]
Sample: Standard solution
Suitability requirements
Resolution: NLT 5.0 between n-octane and iodoethane
Relative standard deviation: NMT 2.0% after six injections
Analysis
Sample: Sample solution
[Note—Measure all of the peak areas, excluding the solvent peak.]
Calculate the response factor (F) from the following expression:
Result = (A1 × W1 × C)/(A2 × 100)
A1= peak area of the internal standard peak in the Standard solution
W=
1 weight of iodoethane in the Standard solution (mg)
C= percentage content of iodoethane from the certificate of the manufacturer
A2= peak area of the iodoethane peak in the Standard solution
Calculate the percentage content (m/m) of the ethoxy group:
Result = (A4 × F × M1 × 100)/(A3 × W2 × M2)
A4= peak area due to iodoethane in the Sample solution
F = response factor calculated from above
M=
1 molar mass of ethyoxy group, 45.1
A3= area of the peak due to the internal standard in the chromatogram of the Sample
solution
W=
2 weight of the Sample (dried substance) in the Sample solution (mg)
M=
2 molar mass of iodoethane, 156.0
Acceptance criteria: 44.0%–51.0% of ethyoxy groups
IMPURITIES
• Residue on Ignition 281
Sample: 1.0 g
Acceptance criteria: NMT 0.5%
• Heavy Metals, Method II

231 : NMT 20 ppm
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• Chlorides
Solution A: Nitric acid in water (1 in 5)
Standard solution: 0.824 mg/mL of sodium chloride. [Note—Immediately before use, dilute
100 fold with water.]
Sample solution: Disperse 250 mg in 50 mL of water, heat to boiling, and allow to cool,
shaking occasionally. Filter, and discard the first 10 mL of the filtrate.
Analysis
Samples: Standard solution and Sample solution
Separately dilute 10 mL of the Sample solution and Standard solution with water to 15
mL, add 1 mL of Solution A, and pour the mixtures as a single addition into test tubes
containing 1 mL of 0.1 N silver nitrate VS. Examine the tubes laterally against a black
background.
Acceptance criteria: After standing for 5 min protected from light, any opalescence in the
Sample solution is not more intense than that in the Standard solution (0.1%).
• Acetaldehyde
Solution A: 0.5 mg/mL of methylbenzothiazolone hydrazone hydrochloride
Solution B: 10 mg/mL of ferric chloride and 10 mg/mL of sulfamic acid
Standard stock solution: 10 mg/mL of acetaldehyde in 2-propanol
Standard solution: 3 µg/mL of acetaldehyde from the Standard stock solution in water
[Note—Use immediately.]
Sample solution: Dissolve 3.0 g of ethylcellulose in 10 mL of water, stir by mechanical
means for 1 h, allow to stand for 24 h, filter, and dilute the filtrate with water to 100.0
mL. [Note—Prepare the Sample solution and Standard solution at the same time.]
Analysis
Samples: Standard solution and Sample solution
Transfer 5.0 mL of the Standard solution and Sample solution to separate flasks. To
each flask, add 5 mL of Solution A, and heat in a water bath at 60 for 5 min. Add 2 mL
of Solution B, and heat again at 60 for 5 min. Cool, and dilute with water to 25.0 mL.
Acceptance criteria: The Sample solution is not more intensely colored than the Standard
solution.
SPECIFIC TESTS
• Viscosity 911
Solution A: Alcohol and toluene (1:4 w/w)
Sample solution: Shake a quantity of Ethylcellulose, equivalent to 5.00 g of the dried
substance, with 95 g of Solution A until the substance is dissolved.
Analysis: Determine the viscosity using a capillary viscosimeter.
Acceptance criteria: The viscosity (mPa·s) determined at 25 is NLT 80.0% and NMT
120.0% of that stated on the label for a nominal viscosity greater than 6 mPa·s; and NLT
75.0% and NMT 140.0% of that stated on the label for a nominal viscosity of NMT 6
mPa·s.
• Acidity or Alkalinity
Solution A: 1 mg/mL of phenolphthalein in alcohol and water (4:1)
Solution B: Dilute 50 mg of methyl red with 1.86 mL of 0.1 N sodium hydroxide and 50 mL
of alcohol, and dilute with water to 100 mL.
Sample solution: To 0.5 g of Ethylcellulose, add 25 mL of carbon dioxide-free water and
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shake for 15 min. Pass through a sintered-glass filter with a maximum diameter of pores
between 16 and 40 µm.
Analysis: To 10 mL of the Sample solution add 0.1 mL of Solution A and 0.5 mL of 0.01 N
sodium hydroxide (Solution C). To 10 mL of Sample solution add 0.1 mL of Solution B and
0.5 mL of 0.01 N hydrochloric acid (Solution D).
Acceptance criteria: Solution C is pink; Solution D is red.
• Loss on Drying 731
Analysis: Dry a sample at 105 for 2 h.
Acceptance criteria: NMT 3.0%.
ADDITIONAL REQUIREMENTS
• Packaging and Storage: Preserve in well-closed containers.
• Labeling: Label it to indicate its nominal viscosity in mPa·s for a 5% m/m solution. The label
states the name and amount of any added antioxidant.
• USP Reference Standards
USP Ethylcellulose RS

11
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
STIMULI TO THE REVISION PROCESS
This section may contain the following:
• reports or statements of Expert Committees
• original research reports
• evaluations of new and existing pharmacopeial methods
• commentaries
• articles relevant to compendial issues.
These items are published to stimulate discussion and continual review of Pharmacopeial
standards. Generally, if an Expert Committee publishes an article on which they are specifically
seeking comment, this will be clearly stated in the article. Readers may submit comments on
issues raised in this section, but comment is not as critical as that for the In-Process Revision
section. Readers interested in submitting comments should see Instructions to Authors.
Instructions to Authors Contributions in the form of original research reports, evaluations of
new and existing compendial methods, and other commentaries and articles relevant to drug
standards or to USP–NF revision will be considered for publication in Pharmacopeial Forum under
the section Stimuli to the Revision Process. Manuscripts are received with the explicit
understanding that they have not been published previously in any language or medium and
that they are not simultaneously under consideration by any other publication. All manuscripts
are subject to review by USP headquarters staff, Committee members, or qualified outside
referees, and if accepted for publication they will be subject to editing by USP staff. Accepted
manuscripts become the property of the USP Convention (USPC) and may not be subsequently
published elsewhere without written permission from the USPC. Authors are also responsible for
obtaining permission for reprinting any illustrations that have been published elsewhere.
Abstract —Include an abstract of not more than 250 words stating the purpose and the results
or conclusions of the article.
Style and Usage —Stimuli articles generally follow the current Chicago Manual of Style except
in scientific usage (numbers, abbreviations, etc.). For the latter, authors should use the
current AMA Manual of Style or the current ACS Style Guide. Authors may usefully consult a
current edition of Pharmacopeial Forum.
References —Consult the current AMA Manual of Style, which is generally consistent with the
National Library of Medicine's Recommended Formats for Bibliographic Citation. A current
edition of Pharmacopeial Forum will offer examples of reference formats.
Copyright —Copyright transfer documents will be sent to authors after manuscripts have been
accepted for publication.
Disclosure of Potential Conflicts of Interest —Maintaining independence and impartiality are
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critical to the integrity and credibility of USP's public health mission. Accordingly, authors are
expected to conform to the Conflict of Interest provisions of the USP Code of Ethics (see link
below), including as part of their manuscript submission disclosure of all financial and personal
relationships that may potentially influence, or be perceived to influence, their article. USP staff
are available to provide additional guidance to authors on the range of disclosure that would be
appropriate. Although USP Stimuli articles are not the type of source likely to be relied on as a
basis for governmental actions (e.g., not a vehicle for reports of human clinical research), USP
nevertheless supports the overall policies of the International Committee of Medical Journal
Editors (ICMJE) regarding Uniform Requirements for Manuscripts Submitted to Biomedical
Journals and Ethical Considerations in the Conduct and Reporting of Research (links below).
USP Code of Ethics:
http://www.usp.org/aboutUSP/governance/policies/codeOfEthics.html
ICMJE Uniform Requirements:
http://www.icmje.org/urm_main.html
ICMJE Conflicts of Interest:
http://www.icmje.org/ethical_4conflicts.html
Contact Person —USP will designate a Scientific Liaison in the Documentary Standards Division
as the corresponding author. This ensures that USP receives all comments generated by the
Stimuli article. Authors should contact the Scientific Liaison if they would like to receive copies
of comments generated by their Stimuli articles.
Submission Instructions —Manuscripts must be submitted both as an electronic file and as a
printed copy of the electronic file. Submit the text in Microsoft® Word or another current
word-processing application. The preferred format for graphics submitted electronically is
tagged image file format (TIFF). Photocopies are not acceptable. Manuscripts submitted for
publication should be addressed to:
Pharmacopeial Forum
Executive Secretariat, USP
12601 Twinbrook Pkwy.
Rockville, MD 20852
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
An Assessment of the Impact on Pharmaceutical Product Quality Resulting from
Humidity Exposure during Distribution by Modeling Moisture Ingress
Robert H Seevers, PhD,a,b Seung-yil Yoon, PhD,b Matthew K Schineller, MSb,c
ABSTRACT Temperature excursions during pharmaceutical product storage and distribution may
present a risk to product quality. What if any risk to product quality is associated with relative
humidity excursions encountered during storage and distribution? This question was the subject
of a 2009 Romanian regulation (since withdrawn) that would have required monitoring of
humidity conditions during transport of medicines. This Stimuli article re-addresses this question
by examining the protective properties provided by various types of primary packaging using a
validated moisture-vapor transfer model. The information presented here is relevant to topics
discussed in Good Storage and Shipping Practices

1079 , Monitoring Devices—Time,

Temperature, and Humidity 1118 , and other general chapters that address pharmaceutical
product storage. Future revisions to these chapters may benefit from the information presented
in this Stimuli article.
DEFINITIONS
At the beginning of any discussion of the effects of humidity on the quality of drugs, it is
essential to start with the following definitions:
Absolute humidity is the actual amount of water vapor in a volume of air. Normally this is
expressed as the mass of water vapor per cubic meter of air.
Relative humidity is the ratio of the partial pressure of water vapor in air to the vapor pressure
of saturated air at a given temperature. A brief calculation illustrates this point: For an air
temperature of 25 C, the amount of water vapor in saturated air is 23.0 g/m3. If the actual
measured value instead is 13.8g/m3, then the relative humidity is 60%. The values for absolute
humidity and corresponding relative humidity at various temperatures have been tabulated (1).
Water activity (Aw) is a measure of the vapor pressure of water in a substance divided by the
vapor pressure of pure water at the same temperature and is essentially a measure of the free
water in a material.
SCOPE
The inquiry presented in this paper applies to all pharmaceutical materials, including drug
products, active pharmaceutical ingredients, bulk drug products held for packaging, or other
intermediates that may be exposed to varying levels of humidity during distribution. For the
purposes of this paper, distribution includes everything that happens to a pharmaceutical
material from the date of manufacture through end use and comprises both storage and
transportation by various means. Refrigerated and frozen materials are excluded from this
discussion because the humidity risks to these products are taken to be minimal because
absolute humidity is low under these long-term conditions—even though the relative humidity
may be high.
THEORY OF MOISTURE PERMEATION THROUGH A BARRIER
Pharmaceutical packaging, including bottles, blisters, and vials, serves as a barrier to protect
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the product from its external environment and to ensure that a product's safety and efficacy
are not compromised during storage. Although the containers provide a means to limit entry of
moisture into the product, the barrier they provide is permeable and may be penetrated by
moisture.
After bottles or blisters containing a pharmaceutical product are closed, the contents of the
package reach equilibrium vapor pressure with the headspace inside the package. Zografi et al.
developed a mathematical model to predict the final relative water vapor pressure in a closed
system for a multicomponent mixture of solids, such as a pharmaceutical product within a
package, using the water content for each component (2). Because packaging is permeable to
moisture, if the vapor pressure outside the package is greater than that inside the package,
moisture may permeate into the system. In this case, the components of the package
(product, desiccant, headspace, air, etc.) reach equilibrium dynamically while moisture
permeates through the packaging materials into the package. Once inside the package,
moisture equilibrates among the headspace and the material contained, including a desiccant if
present. Normally, equilibrium among the components is achieved faster than moisture
permeation from outside the package through the packaging material, so within several days
the vapor pressure inside the package achieves equilibrium. At the initial equilibrium point, the
headspace, product, and any desiccant all have the same vapor pressure. However, they have
different moisture contents: the moisture in the product and the moisture in the desiccant both
have the same thermodynamic state. If the package is exposed to a greater external vapor
pressure, e.g., an environment with 75% relative humidity (RH), moisture permeates through
the package into the interior. The basic equation for moisture transfer through a permeable
package is derived from Fick's law in combination with Henry's law (3):

where
M = moisture content (dry weight), g H2O/g dry weight of solid
t = storage time
P = permeability of the package
A = surface area
= thickness of the material
Wd = dry weight of the solid
pout = vapor pressure of water outside the package at a given temperature
pin = vapor pressure of water inside the package at a given temperature
Any moisture that permeates into the package is distributed among components of the
package, including product, desiccant, and the package headspace based on each component's
moisture-sorption isotherms. Kontny et al. developed a mathematical model to estimate the
moisture content of the components in a permeable package using a sorption–desorption
moisture transfer (SDMT) model (4). Kontny then used this model to develop a method to
determine the amount of moisture permeation into a container over storage time. This approach
predicts the moisture distribution among the product, desiccant, and headspace.
The amount of moisture in the package at time t = 0 (mT, at time=0) can be determined by
Equation [2]:
mT, at time=0 = WdAMA + WdBMB + mh

[2]
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mT = total mass of moisture inside the package
WdB = dry weight of solid B
WdA = dry weight of solid A
MA = moisture content of solid A, g H2 O/g dry weight of solid A
MB = moisture content of solid B, g H2 O/g dry weight of solid B
mh = mass of moisture in the package headspace.
Once the amount of moisture permeating into the package is calculated for a time interval j,
this mass of water can be added to mT, at time=0 to obtain mT, at time=j , the amount of water
inside the container at the end of this time increment. After time interval j, the total moisture
in the system (mT, at time=j ) can be expressed by Equation [3]:
mT, at time=j = mT, at time=0 + w

[3]

where w = mass of moisture that has permeated into the package.
The SDMT model can be applied to obtain the relative vapor pressure (p/ps )in inside the
package at a time equal to time interval j. This method then can be iterated to obtain (p/ps )in
at each time interval through the total storage time, where the time associated with a
calculated (p/ps )in is obtained by summing the time interval j.
In order to calculate the vapor pressure (p/ps )in inside the package, analysts must know the
mathematical relationship of each component's moisture content with respect to RH via the
sorption isotherm. The sigmoidal moisture-sorption isotherms of tablets fit well with the
Guggenheim/Anderson/De Boer (GAB) equation (5), and the hyperbolic moisture-sorption
isotherms of desiccants such as silica gel fit well with the Langmuir equation over the range of
RH between 10% and 90% (6).
From Equation [2] the mass of moisture (mA) in component A can be calculated with either the
GAB or the Langmuir equation:
mA = WdA × MA(GAB)
mA = WdA × MA(Langmuir)

[4a]
[4b]

where, MA(GAB) or MA(Langmuir) = moisture content associated with component A as given by the
GAB or Langmuir equation for component A at any relative humidity.
Although water vapor does not behave as a perfectly ideal gas, it is still possible to apply the
ideal gas law to closely approximate the mass of moisture in the headspace volume (mh):

where
ps = saturation vapor pressure of water at a given temperature
p/ps = relative water vapor pressure.
R = gas constant, 0.08205 L·atm/mol·K
T = absolute temperature ( K)
In order to determine ps , analysts can consult a psychrometric chart or a table of moisture
vapor pressure in saturated air at a given temperature. Alternatively, ps can be calculated by
using saturation vapor pressure equations. These equations also are necessary to compute the
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equilibrium vapor pressure values by the iterative method described above. This iterative
process is the basis of a computer model that can calculate the equilibrium vapor pressure for
the components of a system as a function of time when the initial state is known. When the
temperature changes, the saturation vapor pressure at the new temperature is easily
calculated mathematically. For an example, the GAB equation for a product and the Langmuir
equation for a desiccant can be used, so Equation [2] written in its entirety takes the form:

where
WmA, CgA, and KA = GAB constants of component A
WmB and CLB = Langmuir constants of component B.
The mass of moisture (w) that permeates into a package during a time interval j can be
calculated by Equation [7]:
w = P × j × [(p/ps )out

(p/ps )in]

[7]

Equation [3] written in its entirety takes the form:
mT, at time=j = mT, at time=0 + {P × j × [(p/ps )out

(p/ps )in]}

[8]

where (p/ps )in is the final relative water vapor pressure in the equilibrated system at each time
interval j.
Verification of the Model
Modeling results using this approach have been compared to experimentally determined
moisture content or water activity and have been found to be consistent. The following
examples verify the application of modeling:
Several different package configurations were prepared:
a. Four-count 75-cm3 induction heat sealed bottles of product A tablets containing 0.6 g
of silica gel desiccant.
b. Thirty-count 75-cm3 induction heat sealed bottles of product A tablets containing 1.5 g
of molecular sieve desiccant.
c. One product B tablet in 2-mil PCTFE blister.
We used 2 different tablets and desiccants to verify the modeling results as shown in Table 1.
Samples were stored 6 months under accelerated stability conditions (40 C/75% RH). In
addition, samples stored at ambient conditions were periodically evaluated for water activity.
Sorption isotherms between 25 C and 40 C are similar, so the experimentally measured water
activity at ambient temperature can be used to estimate water activity by modeling at 40 C.
Water vapor transmission rates were determined experimentally at 40 C/75% RH and then
were converted to permeability constants at 40 C.
Table 1. Inputs for the Modeling
Packages
Products
Desiccants
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Tablet A
Wd: 180 mg/tablet
Mi: 2.6%
Tablet B
Wd: 100 mg/table
Mi: 2.2%

Silica gel
Mi: 3%
Molecular sieve
Mi: 3%

2-mil Aclar:

Figure 1 shows estimated water activity (Aw) from the modeling and experimentally determined
Aw for the various packaging configurations considered. The molecular sieve has a higher
sorption capacity than the silica gel has at low RH, so the water activity change over time is
different between tablets that contain silica gel and molecular sieve

Figure 1. Comparison of water activity between estimated and experimentally determined values
for various packaging configurations.
Figure 1 shows good agreement between estimated and experimentally determined Aw over
time. Therefore, this model can be used to accurately estimate the product's Aw change for RH
and temperature excursion during storage and distribution. Moisture prediction modeling has
been verified and is well known throughout industry. This modeling can be applied to estimate
the moisture content (or Aw) of products that may experience an RH excursion.
METHODS USED TO APPLY MODELING TO ASSESS THE RISK OF HUMIDITY EXCURSIONS
We considered several scenarios to evaluate the risk resulting from exposure to RH outside of
approved long-term storage conditions. We considered a packaged pharmaceutical product
and, based on the known moisture vapor transmission rate of its container–closure system,
determined the amount of water that would enter or leave the package as a result of various
humidity excursions that might be encountered during the distribution process.
We designed worst-case scenarios of time, temperature, and RH exposure. The first scenario
represents drug product stored in a warehouse and portrays the environmental conditions that
would result from a heating, ventilation, or air conditioning (HVAC) failure for extended periods,
chosen to be 7 days and 45 days. This failure would increase the temperature and RH exposure
of the drug product in storage. Critically, the temperature increase, assumed to rise from 25 C
to 30 C, permits a much higher absolute value of water content in the storage environment.
Thus, the RH is assumed to rise from 60% to 75% at the higher temperature. A 45-day loss of
HVAC is unlikely but was chosen as a worst-case scenario.
The second case is shipment by truck with no environmental controls assuming that the
environment in the trailer begins at 25 C/60% RH, but the temperature increases to 60 C (7).
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The absolute humidity in a trailer at 25 C/60% RH would lead to an RH of 10% at 60 C at
equilibrium. To evaluate a worst case, we assumed that the RH instead would be 20% at 60 C
and that the duration of the excursion would be 7 days. This time frame exceeds the expected
time for a coast-to-coast truck shipment in the United States. Humidity external to the truck is
assumed not to readily permeate into the interior of the truck—otherwise such circulation would
inevitably lead to a decrease in temperature.
The final scenario models shipment by ocean vessel. Available data suggest that ambient
conditions would be 25 C and 80% RH (J.P. Emond, personal communication). This represents
a humidity excursion from the assumed ICH long-term storage condition of 25 C/60% RH.
Because such a temperature excursion might occur during ocean shipment, conditions of 40
C/35% RH also were modeled. An RH of 35% was selected as representative of expected RH
during an ocean voyage. The excursion was assumed to last for the duration of the voyage,
which was set at 45 days.
Scenario
Warehouse
Storage
Truck
Shipment
Ocean
Shipment

Table 2. Scenarios of Excursions
Real-time Stability
Excursions
Conditions
25 C and 60% RH
30 C and 75% RH for 7 days or 30 C and 75%
RH for 45 days
25 C and 60% RH
60 C and 20% RH for 7 days
25 C and 60% RH

25 C and 80% RH for 45 days or 40 C and 35%
RH for 45 days

INPUTS
For modeling, we selected a typical tablet formulation containing a sugar or starch matrix. The
individual tablet weight, 300 mg, was arbitrarily chosen to produce a tablet that would fit in
size 0 blister cavities. Moisture sorption isotherms were determined experimentally at 25 C and
40 C. The moisture sorption isotherm at 60 C was not determined because we assumed that
isotherms between 40 C and 60 C would not be significantly different.
Certain dosage form and package combinations (e.g., vials, cartridges, and foil/foil blisters)
were not selected because they offer little or no moisture vapor permeability, and thus
products packaged in these formats are subject to negligible risk because of humidity
excursions.
Bottle and blister formats were chosen as inputs because they represent the most common
packaging for solid oral drug products and because they are subject to moisture vapor
permeation. We selected polyvinyl chloride (PVC) blisters, polychlorotrifluoroethylene (PCTFE)
blisters, and high density polyethylene (HDPE) bottles for modeling. We experimentally
determined water vapor transmission rates of packages at 60 C. When package permeability
was not available (e.g., at 30 C), we used the Arrhenius relationship to estimate the
permeability. We found that the permeability of blisters at 60 C is approximately 30 times
higher than that for blisters at 25 C, and the permeability of bottles at 60 C is approximately
18 times higher than that of bottles at 25 C.
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MODELING RESULTS
We performed moisture prediction modeling using the inputs described above. The model
exposed the packaged product for an initial 6-month period to standard ICH controlled room
temperature conditions (25 C and 60% RH). Packages then were exposed to the excursion
conditions defined in Table 2. Following the excursion, the model returned the packages to ICH
controlled room temperature conditions. For this exercise, the same moisture isotherm was used
for all temperatures to simplify the modeling. In addition, we assumed that the Aw of the
packaged tablets does not change during temperature transitions (e.g., from 25 C to 60 C)
corresponding to the environment temperature. In reality, tablets hold less moisture at higher
temperatures and release moisture to the container headspace as temperature increases.
Because of this thermodynamic phenomenon the absolute amount of moisture in the package
headspace increases, but the RH may not increase at all because more moisture is required to
produce the same RH at higher temperatures.
Figure 2 shows the estimated Aw of tablets during the 45-day excursion during warehouse
storage. PVC is a poor moisture barrier that allows water vapor to permeate in or out of the
blister. When tablets in PVC blisters are exposed to 25 C/60% RH in the model, the tablets
achieve equilibrium with the storage environment over several weeks. When these same blisters
then are exposed to 30 C/75% RH, the Aw of the tablets quickly increases, and if
environmental conditions return to normal the Aw of the tablets also quickly returns to the
previous equilibrium value. Modeling predicts that products in the other package configurations
considered initially experience an increased Aw that then returns and converges with the normal
Aw profile. The effect of the additional moisture exposure depends on the sensitivity and
degradation patterns of individual drug products. However, a negative effect of this extended
additional moisture exposure cannot be ruled out.
In contrast, as shown in Figure 3, a 7-day exposure in the warehouse scenario produces only a
nominal change in Aw for all package configurations other than PVC, which, as expected, shows
the results of essentially free passage of water vapor in and out of the blister. Thus, for all
non-PVC packages the quality effects of the shorter duration excursion are expected to be
nondetectable.
Figure 4 shows the modeling results for the humidity excursion during truck shipment. The key
observation here is that at 60 C the moisture capacity of the air is so high that the direction
of moisture vapor transmission is out of the packages rather than into them. Again, PVC is a
poor moisture barrier, so Aw rapidly decreases. Then when PVC blisters are exposed to 60
C/20% RH, this actually is a drier condition because of the high moisture-carrying ability of air
at that temperature. Therefore the tablets actually lose moisture, and water vapor permeates
out of the blister. The other package configurations considered also lose moisture because the
internal vapor pressure is still higher than the external vapor pressure. As explained, the
permeability at 60 C is approximately 30 times higher than that for blisters at 25 C and 18
times higher than that for bottles at 25 C. This means that increased temperature creates a
pull for moisture to leave the packages even though the RH of the truck was set twice as high
as it would be expected to become. Because Aw does not go below the initial value, there is no
anticipated risk to solid oral drug products from a temperature and humidity excursion of this
type. Although a large-volume parenteral in a semipermeable bag might be at risk of significant
water loss, that scenario was not explored in this study. Note that a temperature excursion to
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60 C would, by itself, be a significant risk to product quality because of temperature-related
degradation. This scenario, however, is outside the scope of the present inquiry.
Figure 5 shows the modeling results for the ocean shipping scenario during which the product is
exposed to higher humidity but a uniform temperature over the course of the voyage, i.e., 25
C/80% RH. The PVC package shows a notable increase in Aw following this exposure but rapidly
returns to the previous equilibrium when the package is stored at 25 C/60% RH. The other
types of package show only minimal increases in Aw when exposed to the modeled conditions
for an ocean voyage.
As shown in Figure 6 changing the ocean shipping conditions to 40 C/35% RH does not lead to
additional moisture exposure of practical importance for any of the packaging other than PVC.

Figure 2. Modeling results for a warehouse excursion (45 days at 30 C/75% RH).

Figure 3. Modeling results for a warehouse excursion (7 days at 30 C/75% RH).

Figure 4. Modeling results for the truck excursion of 7 days at 60 C/20%RH.
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Figure 5. Modeling results for ocean shipment at 25 C/80% RH.

Figure 6. Modeling results for ocean shipment at 40 C/35% RH.
CONCLUSIONS
Exposure of drug products to elevated temperatures raises concerns about product quality, and
this Stimuli article has examined similar concerns following humidity exposure during the
distribution process. In 2009 Romanian regulators promulgated a rule that would have required
monitoring of humidity conditions during transport of medicines, but this rule was subsequently
withdrawn (8).
The risk to drug product quality from humidity excursions is not the same as that from
temperature excursions. This is because a change in environmental temperature leads rapidly to
a change in the temperature experienced by the packaged drug product, but a change in
environmental humidity results in a much slower change in the moisture exposure of the drug
product because of the protection afforded by packaging material. The exception to this
observed in the modeling results presented in this paper is PVC blister packaging, which is
infrequently used because it does not provide good moisture protection.
The packaging for a particular drug product is selected so that its moisture-protective
properties are matched to the observed moisture sensitivity of the drug product over its entire
shelf life. In general this means that short-term humidity excursions do not cause any
observable quality degradation for a properly packaged drug product. Based on the modeling in
this paper, extensive moisture exposure is observed only when a humidity excursion is
accompanied by a temperature excursion for an extended period.
The role of pharmaceutical packaging is to serve as a functional barrier to protect the product
and thus help maintain its quality. Selection of proper packaging components for a particular
product depends on the product's physical and chemical attributes. This selection is based on
stability studies as part of the development program to provide the appropriate level of
protection. Because of the moisture protection afforded by proper packaging, humidity
excursions of 7 days or less are unlikely to result in loss of product quality. Therefore, humidity
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monitoring during transportation is of no practical value. However, appropriate humidity control
in long-term storage facilities is as necessary as proper temperature control. These findings are
germane to USP general chapters that address packaging, storage, and distribution of drug
substances, drug ingredients, and drug products and should be considered when these
chapters are updated.
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STIMULI TO THE REVISION PROCESS
Stimuli articles do not necessarily reflect the policies
of the USPC or the USP Council of Experts
Methods for Measuring Uniformity in USP
Walter W Hauck,a,b Anthony J DeStefano,a Praveen Tyle,a Roger L Williamsa
ABSTRACT During the past two years compendial scientists have devoted increasing attention
to how uniformity—and particularly content uniformity—is assessed in chapters of the US
Pharmacopeia (USP). This Stimuli article reports USP proposals about consistent approaches for
all types of uniformity tests and for all dosage forms that have monographs in USP. The article
solicits public comments about how USP should proceed with modifying general chapters that
include assessment of uniformity.
INTRODUCTION
During the past two years compendial scientists have devoted increasing attention to how
uniformity—and particularly content uniformity—is assessed in chapters of the US Pharmacopeia
(USP). This includes a Stimuli article (1) from two FDA statisticians commenting on the bias
introduced by the indifference zone in the current method for content uniformity in general
chapter Uniformity of Dosage Units

905 . The Dosage Forms Expert Committee, in the

context of preparing Topical and Transdermal Drug Products—Product Quality Tests 3 ,
noted that USP contains a variety of approaches to uniformity. A Product Quality Research
Institute conference in September 2011 included presentations related to content uniformity
with a focus on issues associated with assessing content uniformity in large sample sizes. In
December 2011, the United States Pharmacopeial Convention (USP) hosted a workshop on
inhalation and nasal drug products that included a session devoted to issues associated with
assessing delivered dose uniformity (DDU).
This series of discussions has led USP staff, working in support of the Council of Experts, to
review approaches to measuring uniformity and to present a proposal about how to make those
approaches more consistent for all types of uniformity tests and for all dosage forms that have
monographs in USP which reference 905 and related general chapters. The purpose of this
article is to solicit public comment about how USP should proceed with modifying general
chapters that include assessment of uniformity. The article has two parts. The first is a
discussion of six questions that must be addressed in specifying a procedure for assessing
uniformity. With each question and discussion, this article provides a proposal for resolution.
The second part briefly reviews uniformity tests currently included in USP. Although many
examples in this Stimuli article come from the aerosols area, the examples reflect only the fact
that aerosols have been a major focus of the discussion to date. USP intends that this Stimuli
will apply across all dosage forms wherein uniformity of some form is considered important.
I. QUESTIONS TO ADDRESS
1. Does the result apply to the sample or the batch?
This question asks whether the result of a uniformity assessment is restricted to the sample
tested or if it is intended to support an inference to a larger number of units, e.g., a batch,
from which the sample is drawn. This is addressed in the General Notices:
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At times, compendial standards take on the character of statistical procedures, with multiple
units involved and perhaps a sequential procedural design to allow the user to determine that
the tested article meets or does not meet the standard. The similarity to statistical
procedures may seem to suggest an intent to make inference to some larger group of units,
but in all cases, statements about whether the compendial standard is met apply only to the
units tested [emphasis added] (2).
Accordingly, the results of any testing apply for compendial purposes only to the sample
tested. Although this statement is clear in the General Notices, statements in USP may not
always support this clarity. For example, general chapter Aerosols, Nasal Sprays, Metered-dose
Inhalers, and Dry Powder Inhalers 601 contains a test for delivered-dose uniformity that
tests 30 canisters. One could always argue that 30 canisters is a sample, but the relatively
large number of canisters suggests a test intended to support inference to a batch of
canisters. Similarly, the 30-container test of deliverable volume from multiple-unit containers
(Deliverable Volume 698 ) suggests inference to a batch of containers.
General Notices also notes that the standards in USP–NF apply “at all times in the life of the
article from production to expiration.” However, USP does not require that any testing be done
—or done with any particular frequency—only that any official article is “expected to meet the
compendial standards if tested ...” An implication is that USP tests are not intended for
determining whether a batch is suitable for release, although USP tests may be done at the
time of release. The manufacturer is responsible for determining batch-release (or process
monitoring) criteria so potential samples have a sufficiently high probability of meeting USP
standards when tested. USP does not specify when or if a material must be tested, but the
material must pass if tested. The typical expectation is that more data (and testing) are
required for release than are captured during typical assessment of conformity to the
pharmacopeial standard [i.e., USP standards are one component of the broader array of current
good manufacturing practice requirements that first, second and third parties (such as FDA and
other conformity assessment bodies) are responsible for ensuring adherence). As the primary
responsible party, the manufacturer, working with FDA and similar parties, must determine what
additional data are needed.
Proposal: Define what is meant by sample.
USP's focus is on what gets to the patient and/or consumer. Thus, a natural definition of
sample might be what a patient receives in a 30-day prescription. However, the number of
dosage units in prescriptions is variable. Instead, we propose that the sample be 30 dosage
units. For tablets and capsules, this would be 30 tablets or 30 capsules. For other dosage
forms, it would be 30 dosage units as defined for the product. For example, if a dose for an
aerosol were two actuations, then the sample would be 30 sets of two actuations. Use of 30
as the number of units maintains consistency with many current tests in USP.
The choice of 30 dosage units will not be universally applicable. For example, Injectables will
need further consideration.
2. What is meant by Uniformity?
Consider the three graphs in Figure 1. In Figure 1a, the content data are tightly clustered
about the target value of 100. Most will agree these data demonstrate acceptable content
uniformity. In Figure 1b, although the data are still centered about the target, values range
from 50–175 and are not consistent with a realistic notion of uniformity because of the wide
spread in results. Now consider Figure 1c. Here the data are tightly clustered, but not about

PF 38(6): Nov.-Dec. 2012

628

the target. Should the data in Figure 1c be considered to demonstrate uniformity?
The choice is whether by uniformity we mean consistency, regardless of where the data are
centered (e.g., Figure 1c) or whether we require consistency about the target (e.g., Figure
1a). With the exception of the European Pharmacopeia (EP) Chapter for aerosols (3), all
current USP and EP approaches to uniformity are based on consistency about the predefined
target. The EP approach for aerosols constrains variability but does not require consistency
about label claim.
The notion of uniformity without regard to the target has an appealing simplicity because
uniformity then is a simple assessment of variability as measured, most likely, by a percent
relative standard deviation (%RSD). Historically, USP has focused on uniformity about the
target on the grounds that this approach supports consistency in dosing—drug products that
are given repetitively should have a strength/potency, expressed either in mass or units,
specified on the label and should not vary substantially about that strength. Under the
conditions of uniformity about the target, analysts have a mean–variability tradeoff when they
consider whether a result passes or not. In particular, how tight the data must be in order to
be considered uniform depends on where the data are centered. Data not centered about the
target must be less variable than data centered about the target. If analysts were required to
consider only variability, there would be no such tradeoff, and the variability criterion would be
the same regardless of closeness to target.
An objection to USP's choice of uniformity about the target in uniformity testing is that many
monographs then include redundant requirements. Product monographs usually include an assay
requirement that sets a standard for closeness to target (typically label claim). When content
uniformity depends on uniformity about the target, there effectively can be two monograph
requirements for closeness on average to target. Despite this observation, the requirement for
uniformity about a dosing target is compelling if basic concepts of dosing are present, i.e., the
variability per se has no particular meaning unless it relates to variability about an
administration dose that has some grounding in population and/or individual dose/response
relationships.
Proposal: Maintain uniformity in USP–NF as uniformity about the target.
3. Should we assess within- or between-unit uniformity for multi-dose containers?
If the drug product is packaged in a multi-dose container, as is common for liquids, creams, and
aerosols, there are two options about how to consider uniformity: uniformity of doses within
the container or uniformity across (between) containers. Between-container uniformity could
apply to the entire contents of each container or to a single dose from each container. For
example, the test for DDU of metered-dose inhalers (MDIs) and dry powder inhalers (DPIs) in
601

is a test of single doses from multiple canisters, but the test for deliverable volume in

698

is for the entire contents of multiple containers.

Many USP uniformity tests mix the two sources of variability. For example, the 601 test for
DDU over the entire contents of MDIs and DPIs is based on 10 doses from each of up to three
containers. A test of this form does not clearly address either between- or within-container
uniformity, but rather a mix of the two. However, if the primary source of variability for a
product with consistent between-container contents is within-container variability, e.g.,
caused by separation after production, then the USP test will be a test of within-container
uniformity.
For tablets and capsules, the between–within issue is not applicable with the possible
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exception of tablets intended for splitting.
Proposal: Assess within-unit variability of multi-dose containers.
Uniformity that assesses between-unit variability of multi-dose containers could be kept but as
a recommended test in an above-1000 chapter. Based on this consideration and the discussion
of Question 1, the 30-canister DDU test (between-container) in 601 would be removed,
possibly to an above-1000 chapter as a recommended but not required test. For nasal sprays,
it would be replaced with a test of delivered-dose uniformity over the entire contents (withincontainer), using either 30 sets of dosage units from the same container or 10 sets from each
of three containers (where it can be assumed that the between-container contribution to
variability is negligible).
4. Should the uniformity test be by value or by attribute?
The acceptance criteria can be either test by value or test by attribute. Test-by-value criteria
use the actual values of results. Examples are criteria for the average or %RSD. Another
example is the parametric tolerance interval that is the basis for the content uniformity test of
905 . Test-by-attribute criteria depend only on whether the data are in specified intervals.
In USP, test-by-attribute criteria take the form of counting tests, i.e., counting the number of
units inside intervals. For example, the DDU test for MDIs and DPIs in 601 says, at the first
stage, “not less than 9 of the 10 doses are between 75% and 125% of the specified target
delivered dose.” Before harmonization of 905 , this too was a counting test.
USP prefers test-by-value approaches and, when applicable, parametric tolerance intervals.
Tests by value make better use of the data by not discarding information about actual values.
Also, USP has found in its work with dissolution performance verification tests (PVT) (4) that
counting tests do not control variability sufficiently. For example, in the 601 requirement
cited in the previous paragraph, five doses at 75% and five at 125% would result in an accept
decision but would not be consistent with a sensible concept of uniformity. USP also would like
to retain the benefit of the harmonization effort that supports the current 905 .
Parametric tolerance intervals involve a mean–variance tradeoff as described in Question 2.
This is demonstrated by the original Japanese Pharmacopoeia (JP) proposal for content
uniformity (5). The criterion is of the form:
|X LC| + kS < D
where X is the sample average, LC is label claim, k is a constant dependent on sample size, S is
the sample standard deviation, and D is a quality requirement. The greater the deviation of X
from label claim, the smaller S must be.
Proposal: Ask Expert Committees to specify a counting test (by attribute) and then
convert to a parametric tolerance interval test (by value).
As an example of a possible counting test for some dosage forms, the relevant Expert
Committee could specify, “In 30 dosage units, the patient should expect no more than one unit
outside 80%–125% of label claim and no units outside 60%–140% of label claim.” The values
such as 80%–125% could vary across the various uniformity tests within USP–NF. These values
could be obtained from FDA guidances, from current USP tests, and following consideration by
USP Expert Committees. The clinical consideration for these values—if they should be tighter
than the otherwise acceptable quality standard—is what is acceptable to a single patient
receiving these 30 dosage units.
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As indicated earlier, USP prefers test-by-value to test-by-attribute approaches. The proposal
to begin with a counting test for the quality standard is based on the relative ease of this
format for standards deliberations by a USP Expert Committee. Also, the counting test format
clearly focuses on the sample. A quality standard of the tolerance interval form, e.g., at least
90% of dosage units within 20% of label claim, appears to have a greater focus on the batch.
To convert from a counting test to a parametric tolerance interval approach, USP proposes to
match operating characteristics in some way. This would be similar to the approach used for
905 (7). The operating characteristic curve is the probability of meeting the USP criteria as a
function of batch properties. Mentioning operating characteristics tends to raise the sample-orbatch question, so some comments are in order: First, the sample of 30 units is a sample from a
batch. Second, a batch quality standard is implied by a USP sample quality standard, namely
that samples from the batch have a high probability of meeting the USP quality standard when
tested. This is an incomplete batch standard insofar as high probability is not specified, but this
is an issue for manufacturers and regulatory agencies, not USP.
One also could contrast the bottom-up approach of a USP standard for a sample and how one
might set a standard for a batch. There are (at least) two approaches one could take for a
batch quality standard. One is to set a value for high probability and then to complete the
batch standard implicit in the USP standard for the sample. For example, a quality batch could
be one for which the probability of samples' meeting the USP standard is at least 0.90. An
alternative is related to the test-by-values approach. One could set a standard for a batch,
e.g., at least XX% of units must be within YY% of label claim, and then one could choose a
statistical method to demonstrate this with a false pass (consumer risk) rate of no more than a
value set by the applicable regulatory agency (6). Note that neither of these approaches to
specifying the batch standard specifies the sample size to be used to assess conformance to
the standard or the acceptance criteria for the sample.
Matching operating characteristics is a complex task. The operating-characteristic curve
actually is a function of the batch mean, the between-unit variability, and, for multi-dose
containers, the within-container variability. The operating curves for a parametric test should
be steeper than those of the counting test because the parametric test makes better use of
the data and thus is more discriminating. So matching becomes an issue of what part of the
curve to match. The goal here will be to retain the characteristics of the test as originally
proposed by the Expert Committee, i.e., not making it either substantially stricter or
substantially looser.
5. Should a zero-tolerance criterion be included?
A zero-tolerance criterion is a counting test (see Question 4) for which no values are allowed
outside some interval. For example, in the 3 content uniformity test for tubes, no values are
allowed outside of 90%–110% of label claim.
The difficultly with zero-tolerance criteria is that manufacturers may be held to these
requirements even when they are not testing to compendial compliance. The effect is to
discourage data collection because the greater the volume of data collected, the greater the
likelihood of a value outside the interval.
Distinguishing between a zero-tolerance criterion intended to control variability and one meant
to proscribe values for material that should not be administered to or taken by a patient can be
important. For example, if a product meant for rescue from asthma attacks has only a small
amount of the intended content, patients will suffer. Without being specific about small, one
appreciates that there is clearly some value so small that any occurrence regardless of the
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sample size should be considered unacceptable. In contrast, a zero-tolerance criterion should
not be needed to control variability when a parametric test to control variability is part of the
acceptance criteria. This is because the parametric test includes control of variability and
acknowledges that some part of the observed distribution will necessarily fall outside the
acceptance criterion. There is a caveat to the last statement: Approaches such as parametric
tolerance intervals depend strongly on the distributional assumption (typically normality,
possibly after log transformation) because they seek to control the tails of the distribution, not
just the center (mean), as with a t-test. The zero-tolerance criteria then could be viewed as
providing some assurance against a distribution with bigger distribution tails than those allowed
by normality.
Proposal: Encourage Expert Committees to use a zero tolerance criterion only for
considerations of safety and other unacceptable values.
6. How many stages (tiers)?
Most uniformity tests in USP use two stages. That is, some number of units is tested (first
stage), and results are compared to an acceptance criterion. If the criterion is met, no further
testing is needed. If not, additional units are tested (second stage), and results of the two
stages are combined and compared to a different acceptance criterion. The multistage
approach is intended to allow less testing for products that have better quality properties.
Two problems attend the multistage approach as currently implemented in USP. First, with the
exception of 905 , there is no statistical basis for determining the acceptance criteria at the
two stages. Second, there often is little likelihood of passing at the second stage if one does
not pass at the first (6).
Proposal: Acceptance Criteria start as single-stage tests according to the quality
standard.
When desired, the single-stage tests can be converted to two-stages or can allow two-stages
as an option, as is done for the dissolution PVT (4). Any two-stage test should include a
statistical basis for acceptance at the first stage, with some nontrivial probability of passing
the second stage after not passing the first stage.
II. WHAT CURRENTLY IS IN USP
Table 1 lists the chapters in USP that include tests for uniformity. Most evident is the lack of
consistency across chapters. A variety of approaches to uniformity have been taken over the
years as different USP expert committees with staff added tests to their respective chapters.
Not included in Table 1 are chapters that have tests of similar structure to those for uniformity,
namely leakage from topical aerosols ( 601 ), Disintegration
Drug Release

701 , Dissolution

711 , and

724 . These two- and three-stage tests primarily are based on counting tests.

CONCLUSION
USP seeks a scientifically defensible approach to assessing uniformity that is consistent across
all chapters that include a uniformity test. In addition, USP considers it desirable that the
agreed-upon approach should be as consistent as possible with historical practice within USP.
This has two purposes: First it seeks to minimize the impact on manufacturers by making
changes that are more evolutionary than revolutionary. Second, it facilitates continued
harmonization with other pharmacopeias. These considerations and the discussion of the six
questions led to the proposals presented above as an approach that is clear and consistent
with USP's intention that the uniformity test assess the sample, not the batch (according to
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the General Notices as discussed in Question 1).
In contrast to suggestions in many Stimuli articles, this is not a proposal for a new general
chapter but rather an attempt to provide guidance to USP Expert Committees (and their
subcommittees and panels) in creating new uniformity requirements or in revising existing ones.
USP staff will discuss the proposed approach and comments received with the Expert
Committees responsible for affected chapters, principally the Dosage Forms Expert Committee.
It probably is unrealistic to expect any proposal such as this one to apply to all possible
uniformity tests for all the dosage forms considered in USP–NF. When an Expert Committee
needs to differ from the approach presented here, they will be asked to follow the principles
underlying the proposal and, in particular, to not include in a below-1000 chapter any uniformity
test that appears intended for batch inference. Potentially, changes will be proposed for all the
chapters listed in Table 1. Any changes proposed to the chapters will appear in PF for public
comment.
Two issues are not addressed in this article and remain subject to further discussion: The first
is the redundancy in monograph requirements when another test, such as the USP Assay test,
also assesses nearness to target. The second is the choice of a tolerance interval method from
among the options available in the statistical literature.
To supplement this work on uniformity testing in USP, USP is considering creating two new
above-1000 (i.e., for information only) general chapters. The first chapter would address how
to set batch release specifications to ensure a high probability of meeting a USP uniformity
standard when tested. Although batch release is not USP's purview, the availability of this
chapter would reinforce the notion that USP specifications are neither intended nor necessarily
sufficient for batch release. The second chapter would present methods for testing uniformity
in large sample sizes. Again, the matter is outside USP's purview, but such a chapter is an
opportunity to make clear that the inclusion of the zero-tolerance criterion in USP uniformity
tests is due to the small sample sizes of these tests and is not intended to apply regardless of
sample size. USP anticipates that one method in this chapter would be a scale-up of the
uniformity approach used in USP. A similar chapter already has been proposed in Pharmeuropa
(8). In addition, both new chapters are consistent with USP as a source of information for
manufacturers globally. Despite these general intents and expectations, the general issue of
consistency is part of the larger issue of consistency in dosimetry within an individual. This is a
time-honored question for USP, yet the scientific basis for it at times is largely unresolved by
current drug development, registration and compendial strategies. Further resolution awaits
new approaches and larger discussions.
USP welcomes comments and suggestions about the changes contemplated in this Stimuli
article. No later than 31 January 2013, please contact Walter W Hauck, PhD, Senior Scientific
Fellow, USP, 12601 Twinbrook Parkway, Rockville, MD 20852-1790; e-mail wh@usp.org.
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Fig. 1. Picturing uniformity.
Table 1. What USP Currently Contains for Assessing Uniformity
T or
B or
a
Chapter
C
Wb
Criterion
ZTC c
Tubes
Both
Both
%CV
Yes
3
Delivered Dose (DDU)
T
Both
Count +
Yes
601
(nasal spray)
Mean
DDU (MDI/DPI)
T
B
Count
Yes
601

Stages
2
2
2

T

Both

Count

Yes

2

698

DDU (over entire contents)
(MDI/DPI)
Deliverable Volume

T

B

No

2

755

Minimum Fill

T

B

No

2

905

Tablets, Capsules, etc.

T

B

Count +
Mean
Count +
Mean
PTId

Yes

2

Bottles

T

Both

PTI

TBD

1

601

909
(proposed)
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T = about target; C = just consistency.
B = between-container; W = within-container.
ZTC = zero-tolerance criterion in addition to whatever is included in the Criterion column.
PTI = Parametric tolerance interval.
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